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A Note from the Organisers

The Annual Conference of the International grouplfean Construction (IGLC)

is an important activity of IGLC and the 2@&nnual Conference is being held in
India for the first time, in the city of Chennag BGLC 2018. Lean Construction is
a nascent practice in India but the concept of Lisasiowly, but steadily, taking

roots in this country. An organisation called Inge for Lean Construction

Excellence (ILCE) formed by Construction Industrganisations along with [IT

Madras as the Knowledge Partner has been speange#ite spread of Lean
Construction in India. India has a booming infrasture construction market and
Lean practices could be of great help to have bettmtrol on the project

management of these projects. Two Indian Lean @actgin Conferences, ILCC

2015 and ILCC 2017, have been conducted as Nati@oaferences, with some
international participation also. Pursuant to asdet desire in the Indian Lean
community to get international association, a bidswmade for the Annual
Conference of IGLC to be conducted in India and wemnted, leading to the
genesis of IGLC 2018.

It has been a fond hope of the Indian Lean commuthiat the international
conference will give a great fillip to the Lean neovent in India and these hopes
have not been belied: Some 25 contributions, thgett number of accepted
contributions from a single country this year, ofita total of 132 contributions,
have been from India. 30 Posters out of a totdlsoére also being presented from
India. These significant numbers do auger welklerfuture of Lean Construction
in India.

The Workshop Day anchored by Dr. Tariqg Abdelhanmd Br Paz Arroyo is also
featuring a couple of Lean project management pi@otrs, Puneet Narang and
Yash Singh, to share the Indian experience. Theising Day has four Panel
discussions comparing international practices andiah practices in Lean
construction. A Summer School for Doctoral reseascholars is also being
organised for two days after the main ConferencereHagain many Indian
scholars are attending apart from internationabkgh. As has been the practice in
previous conferences, a galaxy of internationalnLggecialists have agreed to be
on the panel of Faculty Advisers for the School.
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The IGLC 2018 organisers have been working forldksefew years to bring IGLC
to India and to generate a good bit of enthusiastie local Indian community
and these have indeed come about quite well. Vighice so broken, hopefully
the Indian Lean community will be a significant fi@pant in future IGLC events!

As part of the organizing efforts, the ConferenececBedings running to about
1400 pages in two volumes and the A3 Compilatiomedag 132 papers have
been compiled and printed. The present publicatiso covers the Conference
Souvenir and Compilation of 45 Posters. The Orgarihiave made a sincere
attempt to put together a Conference which wouldfbmultifarious interests to

the IGLC community, apart from being merely anottemhnical event, and they
hope that the community will also feel the same atgr it attends the event! The
various features of the Conference are being listale Conference Souvenir as
they may be out of place in this technical compemdi

The Organisers extend a very warm Welcome to ttegnational Lean community
to take part in the technical deliberations in week-long event here and also
enjoy the leisure time in the other interestingwints planned.

With best wishes to all the Delegates for an erpgyatay at IGLC 2018

Prof. N.Raghavan

Prof. Koshy Varghese

Indian Institute of Technology Madras, India
IGLC 2018 Organising Chairs

with IGLC 2018 Organising Team
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Preface

The Annual Conference of the International GroupLi®an Construction (IGLC),
the main IGLC activity, has run without interruptigince its inception in 1993.
The IGLC represents a network of practitioners awdhdemics working in
architecture, engineering and construction (AECpwane passionate about Lean
Construction and feel that the AEC industry habeaadically revamped so that it
can respond to the global challenges ahead. Th€ IGtal is to meet customer
demands more effectively and to dramatically enbatie AEC process and
product during the delivery of a project. In thisgard, the IGLC has been
developing new principles and methods tailorech®AEC industry that reflect a
fundamental transformation in product developmertt production management.
Originally, the IGLC began a progressive adoptidr@an Production principles
and methods that proved to be very successful inufaaturing. The IGLC
emphasises the development of theory because theitypaof a production
management theory is an impediment to progredseiAEC industry. Today, and
with the tireless work of the IGLC, Lean Constroatihas evolved and matured as
a production management theory for the AEC industriys own right. It does not
only consider production-related matters, but & Ao incorporated new research
domains that now form part of the “Lean Construttimdy of knowledge”, such
as human and social aspects of organisations, yhergies with information
technology (IT) and sustainability, health and sgfand education.

The venues for the IGLC conference have alternb&tdieen the five continents.
The 28" Annual IGLC Conference is being held in Chennailia, with the main

theme being "Evolving Lean Construction — Towardsattle Production

Management across Cultures and Frontiers". Thidecence will be bringing

together a large number of practitioners and academho will present their

research and industry findings.

One hundred and seventy-five full papers were alhti submitted to the
conference. International experts (academics aadtiponers) kindly undertook
the review and assessment of the submitted paseng @ double-blind peer
review process. The final decision on papers’ aizoege was jointly made by the
track chairs and the scientific chair based onehassessments. Finally, 132
papers were accepted from 29 countries, which gseat outcome for the first
IGLC conference to be held in India. The papersehbgen organised into ten
tracks: Contract and Cost Management; Enabling Lwadh IT; Lean Theory;
People Culture and Change; Product Development Resign Management;
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Production Planning and Control; Production Sysizesign; Safety, Quality and
Green-Lean; Supply Chain Management and Off-Sites@action; and Teaching
Lean Construction. A summary of the submitted aockepted papers by track is
shown in table 1.

Table 1: Papers submitted and accepted to IGLC-26

Papers Papers Accepted As

Track )
Submitted Research Industry Poster Total

Contract and Cost

Management 10 S 1 6
Enabling Lean with IT 23 11 4 4 19
Lean Theory 19 10 1 11
People Culture & Change 30 21 3 3 27
Proc_juct Development & 19 14 3 17
Design Management

Production Planning & 31 19 4 4 27
Control

Production System Design 12 5 2 7
Safety, Quality & Green- 13 6 5 8
Lean

Supply Chain Management

and Off-Site Construction 12 3 1 1 S
Teaching Lean Construction 6 3 2 5
Total 175 97 14 21 132

This year's conference proceedings considered tloategories of papers:
technical (research), industry and posters, anoagpr already adopted in some
previous IGLC conferences (e.g. IGLC 2015 in Pefthstralia). Industry papers
represent contributions that follow the generalictire of a technical paper but
have an emphasis on the practical side of Lean tGmti®n and the resulting
industry insight. In this year’'s proceedings, tteck chairs and the scientific chair
decided to include posters as papers. Generallakspg posters constitute
borderline papers reflecting Lean research witremkl for future development.
In that respect, it was considered that allowindyeeareer researchers to publish
posters as papers will encourage the disseminatiobean Construction ideas
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among young researchers, which could have a polvenid positive impact on
their future careers as lean researchers and cbhampihe presentation of posters
will take place in a special session arranged leyltical organisers and will be
developed in conjunction with the main conferenesentations.

Table 2 shows a summary of the accepted papeeddoytcountry. | would like to
thank the international experts for reviewing th&32 papers. Their efforts helped
to ensure that the papers accepted for this camferavere of a high standard. |
would also like to thank the authors for addresding reviewers’ comments
accordingly. This guaranteed that the best posgideers were finally included in
the conference proceedings.

Table 2: Papers accepted by country to IGLC-26

Country? Papers published

India 25
Norway 15
United States 13
Brazil 12
United Kingdom 12
Germany 11
Chile 6
Lebanon 6
Finland 3
New Zealand 3
Ireland 2
Italy 2
2
2
2
2
2
1

Netherlands
Singapore
South Africa
Sri Lanka
Sweden
Colombia
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Denmark
Egypt
France
Ghana
Hong Kong
Israel
Japan
Jordan
Peru
Malaysia
Taiwan
Total 132

4Country of the first author's institution

P PR R RpRPRPR R RP R

Finally, | would like to acknowledge the supporithé area track chairs during the
editorial process and for all their invaluable dradd work “behind the scenes”.
The track chairs are as follows: Savio Melo (Carttrand Cost Management),
Bhargav Dave (Enabling Lean with IT), Olli Seppan@ean Theory), James
Smith (People Culture & Change), Paz Arroyo (Proddevelopment & Design
Management), Farook Hamzeh (Production Planningo&tfol), Frode Dreviland
(Production System Design), Tarcisio Saurin (Saf€uality & Green-Lean),
Thais Alves (Supply Chain Management and Off-Sita€Eruction), and Min Liu
(Teaching Lean Construction).

Auckland 7" of July, 2018
Vicente A Gonzalez:ditor and Scientific Chair IGLC-26
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A LEAN PERSPECTIVE OF STAKEHOLDER
INTEGRATION IN PUBLIC PRIVATE
PARTNERSHIPS

Zeina Malaeb! and Farook Hamzeh?

ABSTRACT

The Special Purpose Vehicle (SPV) is the partyasgmting the private sector in a Public
Private Partnership (PPP), and combines a numbestaikieholders including equity
shareholders, designers, contractors, and servicwiders under one umbrella.
Consequently, the key to ensuring successful prajetivery is achieving an efficient
integration of the different SPV stakeholders iweal, to deliver the project as a unified
entity. However, the SPV’s stakeholder managemastis highly under-investigated in
the literature, and no studies have attempted ptoex SPV stakeholder integration. This
highlights a significant need to do so, considetimgt the former is both a prerequisite
and a driver of PPP project success. This rese@iros to address this need through
generating a list of SPV characteristics that otflstakeholder collaboration and
developing Critical Success Factors (CSFs) to nmreathe level of SPV stakeholder
integration, based on concepts projected from titegrated Project Delivery (IPD)
system. The aforementioned factors relate to thgjepr’'s organization structures,
commercial frameworks, and operating systems andesses. This research is the first
of its kind that aims to investigate the SPV’s gradion level, from a holistic IPD
perspective, as an enabler of successful relatipmshnagement.

KEYWORDS

Collaboration, Critical Success Factors (CSFskdrdated Project Delivery (IPD), Public
Private Partnership (PPP), Stakeholder Integration.

INTRODUCTION

A Public Private Partnership (PPP) describes aypemoent route that involves two main
entities, the public sector and the private sedtarthe provision of a public asset or
service. PPP projects offer a range of benefitheg allow the public sector to utilize the
private sector’s skills and expertise in projediviey and benefit from private financing,
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on one hand, and offer improvements in project enntation time, whole life-cycle
costs, and service quality, on the other (Leirin@®06; Liu et al., 2015). Being different
from traditional project delivery routes, PPPs enpass a number of distinct features,
stemming from their long-term nature, bundling ajjpct functions, complex contractual
agreements, and distinct risk allocation formul&ririsey and Lewis, 2004). A
fundamental characteristic of a PPP is the presehitee Special Purpose Vehicle (SPV),
which is the project company representing the peiveector, formed especially to
undertake the PPP project. This entity takes respiity for the project through its
financing, design, construction and subsequentatiper and maintenance stages, over a
long period of time (20-30 years) (Gomez and Gan#ii6). In order to fulfil these
functions, the SPV is structured as a consortilomhining under one umbrella a number
of key stakeholders, mainly equity shareholdersjgiers, construction contractors, and
operations and maintenance contractors. Signifigatite combination of stakeholders
under one SPV calls for several unique featuresieha early stakeholder involvement,
alignment of stakeholder goals and interests, btller integration, collaborative
working, innovation potential, and long-term comméint, among others (Fischbacher
and Beaumont, 2003; Leiringer, 2006; Sainati et24l17).

Both the PPP delivery system and the SPV procurestarcture necessitate that the
aforementioned stakeholders collaborate togethdeliwer the project successfully as an
integrated team. PPP project success is strondgéctatl by the level of stakeholder
integration as PPPs necessitate solid collaboratoynsuccessful service delivery.
Evaluating PPP success therefore requires a coemsite evaluation of the SPV team,
specifically in terms of stakeholder integrationowever, the SPV’s stakeholder
management role is highly under investigated in litezature and there exists a gap
regarding its internal stakeholder relationshipd areractions. In fact, PPP researchers
state that project management studies have newaesdd expressively on SPVs and the
existing literature fails to efficiently addresdarent relational matters, as there is a lack
of knowledge concerning PPP stakeholders (McEr&red., 2016; Sainati et al., 2017).
Therefore, there is a need to investigate and atalthe efficiency of the SPV’s
management role, in terms of stakeholder integnaseeing that it is both a driver and a
prerequisite for PPP project success. Considerlng gignificance of stakeholder
integration for the SPV, and thus its connectioth® Integrated Project Delivery (IPD)
system, added to the fact that literature on thterlas rich with research on integration,
there is an opportunity for projecting such conseptto the SPV evaluation framework.

This research aims to address this need througttifigiag the core characteristics of
SPV procurement that reflect stakeholder collalbmmatnd correlate it to integrated
project delivery, and developing Critical Successtbrs (CSFs) to measure the level of
SPV stakeholder integration, based on concepteqery from the IPD system. The
aforementioned factors relate to the project's oizgtion structures, commercial
frameworks, and operating systems and processeés.rd$earch is the first of its kind
that aims to investigate the SPV'’s integration lefrem a holistic IPD perspective, as an
enabler of successful relationship management.s Pphper first presents the adopted
research methodology. Following, the main featwesSPV project delivery and its
correlation to integrated project delivery systaresdelineated. Next, the paper discusses
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the three fundamental families that contribute ntegrated project delivery systems:
organization structures, commercial frameworks, apdrating systems and processes.
Finally, the identified critical success factorg aresented, classified, and linked as per
the three aforementioned families.

RESEARCH OBJECTIVESAND METHODOLOGY

The objectives of this research are two-fold: idgimg features of PPP projects that tie
them to integrated project delivery systems, aneeldping a list of CSFs to measure
SPV stakeholder integration. The research methgga® delineated in Figure 1 below.

After identifying the main SPV characteristics, GSfhat serve as indicators of SPV
stakeholder integration are developed. The maidietwsed as a basis for collecting and
generating CSFs are: Aapaoja et al. (2013), Baatead. (2006), Cheung et al. (2006),
Ibrahim et al. (2013), and Thomsen et al. (2009)e Tinal CSFs are then filtered,

grouped, and sorted in terms compatible with SPdjegt delivery as under the project
delivery system’s organization structures, comnagrdrameworks, and operating

systems and processes.

Literature

review on Generating a
PPP project list of SPV
delivery, IPD characteristics

Filering,
grouping, and
sorting the
final CSFs

Collecting Generating
CSFs from additional
studies on CSFs based

systems, and that impact
project and stakeholder
stakeholder collaberation.
integration.

under the
three IPD
foundations.

stakeholder on IPD
integration. philosophy.

Figure 1: Research Methodology

CHARACTERISTICSOF THE SPECIAL PURPOSE VEHICLE
(SPV)

SPV project delivery is characterized by severadtingct features which impact
stakeholder collaboration and correlate it to iraégd project delivery systems. These
collaboration characteristics are mapped and linkedherent features of PPP projects in
this section.

ALIGNMENT OF STAKEHOLDER GOALSAND INTERESTS

The SPV design enables better alignment of stakehohterests, as a function of the
both its contractual schemes and stakeholder argaon structures (Sainati et al, 2017).
The primary reason driving this alignment of instseis the involvement of the major
stakeholders, mainly the Design-Build (DB) contoacnd Operations and Maintenance
(O&M) contractor, in project financing. This appobanecessitates that contractors and
service providers sponsor the SPV and take stakiési$ a sign of committing to the PPP
project. Involving the contractors in project fundiis equivalent to strengthening their
association with the project. This generates a ectinity between project funders and
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service providers, and bridges the gap between.threaddition, as the SPV is to operate
the project for a long period of time after constion, it would be acting as a quasi-
project-owner during that period. Consequently, ithies of “project owner”, “project
contractor”, and “project operator’ become integdatwithin the SPV structure. This
would instigate the SPV to consider what is besttli@ project during the design and
construction stages, as it bears the resultingemprences throughout project operation.
Additionally, as all the major stakeholders on tireject are incorporated under the
umbrella of this SPV and deliver the project as onéed body, an environment of joint
responsibility and shared risk management is cdedtieis not only causes the alignment
of interests between the different key stakeholdeus also causes their alignment with
the overall project interests, which is of everagge importance.

WHOLE-LIFE CYCLE APPROACH

The whole-life cycle approach adopted by the SPafetiolders is a function of three
main features: designing for service delivery, Bumgdproject functions, and long term
contracts.

Design for Service Delivery

PPP projects encompass a feature that goes pasietieedelivery of an asset, but rather
focuses on the delivery of a continuous servicani&ey and Lewis, 2004; World Bank,
2009). The main distinction that characterizes iservdelivery performance is its
requirement for considering serviceability issugeshie design phase of the project, since
this initial phase affects all the consequent peiasemarily in terms of costs (Tranfield
et al, 2005). Therefore, the SPV, in designingtfar delivery of the required service,
would adopt whole-life cycle costing.

Bundling Project Functions

A main feature of PPPs is the bundling of majoijgubphases or functions (World Bank,
2017). This refers to the combination of the desigomnstruction, and operations and
maintenance stages in specific. This bundling erages the SPV to consider
implications of its decisions on different stagéshe project which leads to the adoption
of whole-life cycle costing (Chan and Cheung, 200arld Bank, 2009). Therefore, the
optimization of costs is happening at the overatijgrt level instead of the individual
phase levels. In lean terms, this is a shift frtwa traditional concept of transformation
and local optimization to the global perspectivEaw and value generation.

Long Term Contracts

PPP projects are characterized by the long-teror@aif their contracts. These long term
commitments act as incentives for the private ptartgccount for service delivery cost
when designing the project. A long-term contractegates a longer term commitment,
which places capital at risk and is presumed toddhe private stakeholders to produce a
facility that is durable and functional while minimg life cycle costs (Leiringer, 2006).
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COLLABORATIVE ENVIRONMENTS

PPP projects create collaborative environmentsmrsieg mainly from the early
involvement of stakeholders, design for serviceveey, and the organization structure of
the SPV.

Early Stakeholder I nvolvement

One distinctive feature of PPP projects is theyaarolvement of all key stakeholders in
project delivery. In other words, from day one, tlesigner, constructor, and operator,
are all on board in the SPV. Involving participaptaly on has been associated with a
number of advantages. For instance, it allows fmtlesis in planning the design and
implementation stages, as their separation haseprtovsignificantly reduce the potential
of enhancing project performance (Fischbacher asauBiont, 2003). This permits the
provision of input by downstream participants intpstream design and construction
stages. In addition, this removes organizationalridd@ to facilitate the flow of
information across boundaries, cross-organizatighalking, and collective problem
solving. Moreover, through efficient inclusion, ig possible to develop a series of
partnership benefits that include generating asholiapproach that improves service
quality, encouraging innovation and creativity, agghancing organizational learning
through knowledge transfer (Fischbacher and Beatir@003; Leiringer, 2006).

Design for Service Delivery and SPV Structure

Designing for service delivery necessitates higlele of team working, communication,

and collaboration throughout the project, in oreoptimize the continuous provision of
services. PPP project success is highly depenolerthe quality of integration and

collaboration within the SPV organization. The stawe of the SPV is characterized by
involving the major project stakeholders under on#rella. It is designed, in concept, to
foster such integrative and cooperative effortsoserthe different teams involved to
deliver successful outcomes.

THE LINK BETWEEN PPP AND |IPD

The PPP characteristics discussed above bear isagnifassociation with those of
integrated project delivery systems. PPP projectd, SPV functions in particular, seem
to be founded on the concept of team integratiomath a driver and prerequisite to
project success. In fact, performance levels imastfucture development are seen to
depend as much on enhanced project cultures aadrated teamwork as they do on
improved structures and systems (Kumaraswamy,e2@0.7). PPPs, being of a long term
nature, provide opportunities to generate, matmd,sustain cooperation and also for the
benefits to materialize (Kumaraswamy and Anvuuf80Furthermore, researchers have
stressed on the need for close collaboration arn téntegration between PPP
participants, citing formal incentive agreementsaadriver for the former (Walker and
Jacobsson, 2014). SPV stakeholder integration appese a fundamental cornerstone
of the PPP delivery system, which brings forwarts dorrelation to other forms of
collaborative project delivery. The IPD system rseacsuch project delivery route that
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stresses the significance of stakeholder integradi® a necessity for successful project
delivery.

FOUNDATIONS OF INTEGRATED PROJECT DELIVERY

The IPD system describes that the factors for zegjiefficient stakeholder integration
stem from three foundations: organization strugureommercial frameworks, and
operating systems and processes (Thomsen et @8).20

Organization Structures

IPD requires a drastic change in the organizatioactire through the formation of

integrated teams. Key contractors are engaged earind collaborate with the designer
by providing input on cost, constructability, andlue, with the goal of decreasing
negative iterations throughout the design proc&takeholders cooperate in making
decisions and solving problems. This creates a jéptoculture” that encourages

collaborative working as a unified integrated teamother fundamental organizational
feature of the IPD is what is termed the Core Graupexecutive team responsible for
the day-to-day management and leadership on acgbrdjhat is special about this team
is that in integrates members from the different &@keholders in the decision making
process. These people do not only serve as mandgarsalso as leaders that are
responsible for driving and committing to the IPgtem. In IPD, project organizations
change from silos to integrated, high performaneamis. A transformation of the

organization structure is the essential startingtdo effectively implement an integrated
form of project delivery (Thomsen et al., 2009).

Commercial Frameworks

The commercial structure on traditionally procupeshstruction projects is built to drive
the local optimization of individual stakeholdersterests, with each party looking out
for its own well-being and disregarding others’emsts. A key missing aspect is the
alignment of stakeholder goals and objectives withoverall project objectives. In order
to ensure this alignment is in place, a commercahework is required that addresses
the risk allocation and compensation structuresngsioparticipants. For instance, the
IPD contract calls for collective risk managemerst,opposed to each party managing its
own risks. Through risk sharing, all the stakehmddactively collaborate in effectively
identifying and collectively managing risks, whidienefits the project as a whole.
Another type of incentive introduced in these comuia frameworks is the “pain
sharing and gain sharing” agreement. The ideaads dH participating team members
mutually share the risk of cost overruns and miyua¢nefit from cost savings in any
part of the project. Again, this leads to a shfmindset from each party looking out for
itself to all parties looking out for the projeétll involved stakeholders are part of one
team with one goal, which is successful projeciveey. The relationships between these
major stakeholders shift from self-protecting ansk rshifting to team-based ones,
aligning the participants through incentives cdtgfchosen to encourage collective risk
management and whole project optimization (Thoneteal., 2009).
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Operating Systems and Processes

Even with integrated teams and sufficient commeéteians in place, operating systems
and processes that either facilitate or hinder aboltation can make-or-break an
integrated project delivery system. The systemsphgect stakeholders rely on must be
integration-compatible and able to encompass std#teh cooperation. Another
requirement is utilizing technologies to ensureedif/e interaction and communication
between project participants. In addition, cerfa@ioject processes and mechanisms must
exist that manage the interactions among staketwlded nurture the integration
potential of the project. These processes, whigmsfrom the lean construction
philosophy, promise to overcome the shortfallshafse employed in traditional project
delivery systems. Examples of these processesnéegrated setting of project goals and
objectives, collective decision making and integgaproject management, collaborative
planning with key project stakeholders, and invadvithe last planner in the planning
process. These processes and systems must beedetigadd value, foster collaboration,
increase reliability, and allow for continuous irmpement (Thomsen et al., 2009).

DEVELOPED FACTORS

The final set of developed factors, as belongingthe organization structures,
commercial frameworks, and the operating systemd processes groupings, are
presented in Figures 2, 3, and 4.These factorgnapred from research on project and
stakeholder integration, as specified in the meathayy section, and on concepts from
the IPD philosophy as discussed above. They atbeludeveloped and grouped under
the three families previously presented. They iadigeneral requirements to be adopted
by PPP project delivery systems to achieve optstedeholder integration and also act as
indicators of the actual integration level achieweda project.

CONCLUSION AND FUTURE WORK

The features of the SPV, acting as a consortiumbaunyg the parties involved in PPP
project delivery, bear significant similarities tee IPD system. Consequently, it is both
interesting and significant to study this specificocurement route from a lean
perspective, a topic no studies to date have facase This paper presents the main
features of SPV procurement that correlate it ttegrated project delivery and
subsequently develops critical success factors éasore SPV stakeholder integration.
This research is part of a wider thesis study skeaks to develop a comprehensive “SPV
Health Check” tool, utilizing the aforementionedtfas, to give an indicator of the level
of integration within the SPV. Its contributionnsteworthy in introducing the lean vein
into the PPP procurement route and evaluating P&Bgb success in terms of integration
criteria.
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Figure 2: Factors under Organization Structures

Figure 3: Factors under Commercial Frameworks
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Figure 4: Factors under Operating Systems and Bsese
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A COMPARISON OF COMPETITIVE
DIALOGUE AND BEST VALUE
PROCUREMENT

Paulos Abebe Wondimd, Ole Jonny Klakegd, Ola Leedre®, and Glenn Ballard'

ABSTRACT

Competitive Dialogue (CD) and Best Value Procurem@iVP) are two different
approaches to early contractor involvement (EClpublic projects. However, it is not
clear which approach is best suited for what kihdroject situations, and which is better
for implementing lean in public procurement. Thegmose of this paper is to explore the
similarities and differences of these approacheset@lop recommendations for how to
match approach with project situations. In additit literature study, two large
infrastructure projects were studied through 12lepth semi-structured interviews and
review of documents. The findings from this studglicate that the two approaches have
several similarities; e.g., both give a better lteslnen they are used together with a
design-build contract than design-bid-build contraad they give clients possibilities to
meet suppliers and clarify projects before contseaghing. However, they also have a
number of differences such as the number of conapgtihat develop a project and a
supplier selection premises varies. The study cwled that BVP is a moreeffective
procurement process than CD as regards procurephase. However, CD gives more
room for the clients to influence supplier solusdhan BVP.

KEYWORDS

Best value procurement (BVP), competitive dialogi&D), lean, early contractor
involvement (ECI), public procurement.

INTRODUCTION

Main contractors have more experience than cliemtd designers in construction
materials, methods, and local practice. Therefitrey can provide relevant information
not only about generic constructability but alsoowb resources availability and
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limitations in terms of cost, performance, accessl aite conditions. Construction
knowledge and experience is an important elemeteasf construction. One of the ways
to integrate construction knowledge and experiencearly phases of a project is early
contractor involvement (ECI) (Song et al. 2009).Tinn goals of EClare project control,
time gains, and innovation(Mosey 2009). ECI camelate waste of time, cost and effort
that bedevils projects (Walker and Lloyd-Walker 2P1How clients design the
procurement procedure decides how well organizatean be integrated and how well
the competence may be utilized. The procurementepiare should create room for
creative solutions and intensive exchange of idéasly start and an interweaving
approach are importantin order to create an oppibytdor the contractors to play an
active role(Lenferink et al. 2012). There are difg models of ECI depending on when
the contractor gets involved in the project. CD &wP are two interweaving approaches
of ECI that European public owners can use. Bofir@ghesallow interactions between
a client and suppliers in early phases of projants before contract signing (Storteboom
et al. 2017; Wondimu et al. 2017).

There is a limited examination of lean thinkingpuablic procurement (Schiele and
McCue 2011).There is lack of research in the IGldihmunity in the area of public
procurement, and there is no literature compariW@ Bnd CD. This paper contributes to
addressing this issue byaddressing the followisgaech questions.

* What are the similarity and differences between Bwvig CD?
* Which approach is best suited for what kind of @cogituations?
* Which approach is better to implement lean in pubdictor projects?

This study has some limitations since the case$iraited to only two Norwegian public
road projects.

METHOD

The research reported in this study includesliteeateview and two case studies. The
two cases were chosen because they are the figst ilafrastructure projects in Norway
that have used the two approaches. The methodelogpproaches described by Yin
(2014)was used during the case studies.

Literature review formed the basis for the theasdtibackground. The review of
literature was undertaken using IGLC.net conferguangers database in addition to the
search engines Oria and Google Scholar. Oria isravébian University library resource.
Besides, citations chaining according to the ppled laid out by Ellis (1993) was also
used to find new literature.

The two cases were studied based on 12 in-deptirstamtured interviews with
senior professionals from both client and contmaci@anization. Each interview was
carried out face-to-face based on an interview gyaidd lasted between 60 minutes to 90
minutes. All interviewees were recorded and lat@ngcribed.

A document study was carried out after the litewatteview and interviews. The
document study included tender documents, tenda&iuation protocols, and contracts.
The purpose of the document study was to supplertientliterature review and
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interviews and to achieve data triangulation. Tléadvere hand-coded and analyzed
while data were collecting and writing up the fimgs based on the description of
Creswell (2013).

Table 1: Overview of cases and the respectivevigeree's position

. . Project Proj. ECI
Client/Project L . , .
name Description start- Interviewee’s position Approac
(Budget €) finish h
1) Nye veier/E18 16.5 km new 2017 Project director, Assistant project BVP
Rugtvedt-Dgrdal four-lane . director, Contract and procurement
highway (€200 director, Construction manager,
: 2019 . .
mill) Environmental advisor, &
Construction discipline leader (6
from the client).
2) Statens 62 km new two- 2015 Construction manager, project CD
Vegvesen/E6- lane highway . manager and a representative
Helgeland North (€270 mill) 2019 from StatensVegvesenhead office

(3 from the client) & project
manager, quality manager and
geotechnical engineer (3 from the
contractors)

THEORETICAL BACKGROUND

LEAN AND EARLY CONTRACTOR INVOLVEMENT (ECI)

Based on the Lean Construction Institute recommendeor projects to approach
optimality, three elements are required. Those ardntegrated organization, aligned
commercial interest, and lean management. Theseeals are also called LCI triangle,
see Figure 1. An integrated organization can berpnéted as one in which downstream
industry actors participate in upstream activiteasq vice-versa. The underlying principle
for this side of the LCI triangle is that all rebext competence/knowledge are to be
applied simultaneously to the generation, evaluatmd selection of product and process
design alternatives. Thisis based on the view ttiffierent actors have relevant
knowledge, and consequently must be engaged inr@jarge
and selecting from alternatives(Ballard 2012).

One of the main goals of ECI is time gains by cantidg
parallel or interweaving procedures rather thandoeting
them sequentially (Lenferink et al. 2012). Basedlaa goal, 5‘"
the authors of this paper consider ECI as one@fiteans to  &°
create an integrated organization and to approaocfeqt gb S
optimality. Furthermore, based on the authors’rpritation, \g‘f"
both CD and BVP cover the first side of the LCahgle since
the purpose of the approaches is to involve cotaradn the
ear|y phase_ Lean Management

Operating System
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Figure 1: LCI Triangle (Ballard 2012) (driven fronmomsen et al. (2009))

COMPETITIVE DIALOGUE (CD)

The CD procurement procedure was introduced in 280the European Parliament for
particularly complex contracts (European Commissid@06). This procurement
procedure allows clients to discussrequirementk shiort listed suppliers before inviting
final written tenders (Uttam and Le Lann Roos 20H) public procurement directive
describes five circumstances in which the approsatbe used(European Parliament
2014).

It was introduced to provide an improved method dwvarding complex public
contracts (Arrowsmith and Treumer 2012). It is aistended to give public clients a
flexible procurement procedure to enable a dialagpnreerning all aspects of the contract
with several competitors. The dialogue is an irdammg stage between the tender
announcement and the submission of final tenderss Intended to help the client
identify and define the means best suited to mgetmobjectives. The awarding method
in CD procedure is always most economically advgenas tender (MEAT) (Hoezen and
Dorée 2008). MEAT (price-inclusive multi-criteriglsection) is the weighted sum of
various aspects of products or service that previgdue to the project (Wondimu et al.
2016). Public owners can use CD to stimulate infiomahrough dialogue(Uttam and Le
Lann Roos 2014). CD procedure has five phasesapgpn, pre-qualification, dialogue,
evaluation & selection, and execution, see Figure 2

1 2 Pre- 3 Dialogue 4 Evaluation
& & selection

Preparation qualification Sl

Award contract to
one contractor

Clarify needs and Among contractors With pre-qualified Based on MEAT
priorities who applied to be and shortlisted
considered contractors (> 3)

Figure 2: CD phases and majorclient activitiés

I

BEST VALUE PROCUREMENT (BVP)

Best Value Procurement (BVP) BVP is a procuremegthad that focuses on gaining the
best value for the lowest costs (Snippert et al520A fundamental concept in BVP is
the focus on selecting the supplier with the offeat is most advantageous to the client
where price and other factors are considered (Edygn2010).There are different models
of BVP (Perrenoud et al. 2017). This paper explthesBVP model that was introduced
by Dean Kashiwagi in 1991 as bestvalue performamiegmation procurement system
(BV- PIPS). Regarding BVP there are no EU publiccprement laws and regulations
that regulate or prohibit from using the approacpublic sector.
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This BVP model concentrates on minimizing decismaking of clients. One of the
fundamental things of this BVP model is that therdl should not try to be more expert
than the real expert is. The client task is totgetright supplier, and they will deliver the
best results. Minimizing the none expert (the dlienanagement, direction, and control
of expert suppliers are the philosophy behind BMPBVP both price and performance
are considered during the selection instead of pribe(Kashiwagi 2016).

BVP is an information-based procurement method fhratlicts theperformance of
suppliers based on past performance informatiopplars are ranked and then selected
based on past performance, current capabilityeprisk management and the quality of
key personnel (Duren et al. 2015).

BVP method has four phases; pre-qualification,ctie, clarification, and execution,
see Figure 3.

2

0 pre-

1 Selection 3 Execution

Clarification

qualification

Optional phase Based on price and With one contractor Award contract to one
four standard criteria contractor

Figure 3: BVP phases and major client activitiesv@doped based on Kashiwagi (2016))

FINDINGS AND DISCUSSION

COMPARISON OF CD AND BVP

This section explores the two approaches to deterrthe similarities and differences
between them and to identify which approach sutswhat kind of projects. The two
case studies through interviews and document sietped to add to the knowledge gain
through literature review and to understand howd&@D BVP were interpreted in practice.
Furthermore, the case studies contributed in déténm the comparison factors and
facilitate the analysis process.

The two approaches have similarities such as 1) bmamused as an approach to
implement ECI, 2) can be used under the EU legmsiaB) work best with a design-build
contract than design-bid-build contract, and 4pwllinteraction between a client and
suppliers during the procurement phase before aonaward such as during interview,
dialogue and clarification. A summary of major diftnces between the two approaches
Is presented in Table 2 without recommending o over the other.
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Table 2: Comparison between CD and BVP

No. Comparison factors CD BVP
1 Timing of selection Late selection Early selection
2 Pre-qualification Mandatory Optional
3 Interaction Dialogue Clarification
4 No of competitors develop a =23 1
project
5 Client’s control on the detail High control (The client Low control (The contractor
of the supplier's solution knows best — the contractor knows best — they are
during procurement is hired to do the job) selected because of their
expertise)
6  Client’s role in the selection The client can filter the The contractor present their
of solution contractors’ solutions in the solution in the clarification
dialogue phase phase
7 Client’s resources need Demanding Less demanding

during the procurement

8 Suppliers resources need All Shortlisted suppliers are  Only one supplier develop a
during the procurement required to develop solution to a project, and it is
solutions for the project, and demandingonly for one of the
it is demanding for all suppliers
suppliers
9 Selection criteria Technical and varies with Non-technical and
project standardized
10 Weightqualification/ price 10% to 40% / 5%/
90% to 60% 25 %
11 suppliers compete and Project-specific solutions Four standard criteria and
evaluated based on and price price
12 Evaluation method/scale Not standardized Standardized
13 Documents from the Comprehensive Max 6 pages document
competitors to be evaluated documentation
by the client
14 Historical origin EU USA
15 On what kind of projects EU public procurement On all kinds of projects
can it be used? directive describes five
circumstances in which the
approach canbe used
16 Client access to suppliers’ The client gets access to The client gets access to only
idea several ideasat a time one idea
17 In what situation is the If a client wants to choose a If a client is looking for an
approach suitable supplier based on their expert that has done relevant
solution for a specific project things several times with high
performance
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The most interesting aspects oftable 2invite soomensents:

The first comparison factor is the timing of théeséion. In CD, the selection phase is
after the dialogue phase. Whereas in BVP the watibn phase that is comparable with
dialogue phase in CD is after the selection ph@ke.purpose of the selection phase in
the two approaches differ. In BVP, the purpos@ishortlist andselect the best-qualified
contractor to the clarification phase, whereasin e purpose is to award the contract.
Furthermore, even if the dialogue phase in CD daddarification phase in BVP are
comparableregarding the client meeting with suppliefore contract signing, they have
a different purpose. The purpose of the clarifmafphase is a selected supplier explains
the scope of the project to the client. That islarify what is included and not included
in the scope of the project. Whereas the purposiatdgue phase is to discussall aspects
of a project with several pre-qualified and shetédld suppliers to find, develop or select
an optimal solution toa project. The difference nga lot to both clients and suppliers
regarding how much resources both contractinggmttse in the procurement phase.

In CD, pre-qualification is mandatory before thaldgue phase since the dialogue
phase is demanding. In BVP pre-qualification isogtional phase since the whole BVP
phases can function as pre-qualification. That reears possible to use BVP together
with open or restricted procurement procedure. \&d®ICD should be used together with
restricted procedure.

In CD, the interaction between the client and sigpplis dialogue with a purpose of
developing an optimal solution for the project.BWP, the interaction is that the best
value supplier clarifies the scope of the projentl @aresent a detailed schedule. In CD
during the dialogue phase, the suppliers and atowerk together to develop an optimal
solution for a project. In BVP the supplier thatsislectedfor the clarification phase is
considered as the expert. Therefore, the supglieest positioned to clarify the scope.

The next comparison factor is the number of supplieompetitors) that develop a
solution for the project. In CD, at least threedigrs should develop solutions to make
sure enough competition, and losers are paid sammu@t against their cost. This is
reasonable since the selection of a supplier isthas their solution to a specific project,
and since the selection phase is not over yet. Mexvén BVP only one supplier should
develop a project since the selection phase iadyrever.

The client control during the procurement is theeotcomparison factor. In CD, a
client selectssuppliers based on their solutiothéoproject. That means the client should
know details of the suppliers’ solutions during grecurement. Whereas, in BVP a client
selectssuppliers based on their past performanbe. philosophy behind BVP is to
decrease a client’s decision-making, managemedtcantrol of the expert supplier. All
these factors lead to less knowledge and contmohglthe procurement.

The next comparison factor is the resource (timé @noney) spent by client and
suppliers during procurement. In CD, several s@pplidevelop solutions for a project
during the dialogue phase. The client should hayarallelconfidential dialogue with
each supplier that is involved in this phase. A&tshme time, the client should give equal
information and treat all suppliers equally to ava@iving acompetitive advantage to
anyone. All these factors make CD demanding forctiemt and for all suppliers that are
involved in the dialogue phase. In BVP, only on@@ier develops a solution for a
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project during the clarification phase. This makes procurement phase less demanding
for the client and for suppliers that are not seléc

The next comparison factor is the selection cateBiothCD and BVP use MEAT as a
selection method. However, how MEAT is interpreiéidds in the two approaches. In
CD, the MEAT criteria are technical and vary fromojpct to project. Whereas, in BVP
the MEAT criteria are non-technical and are thees&won all kind of projects. In BVP, the
same five criteria (past performance metrics, Bbib identify risk, additional value they
can provide, capability of their key personneldmtew), and price) should be used in all
kinds of projects even if the weighting could vagsed on the project’s needs.

The length of the documents the suppliers shoubthgiwvaries in the two approaches.
In CD, since the selection of a supplier is basadtheir solution to a project, they
describe their solutions in detail in the form ofgwehensive documentation. In BVP the
suppliers can submit maximum six pages (two pagagfopnance matrix, two pages
client’s project risk and two pages value addiranl

European public procurement directives specify faiiations when CD may be
usedin a project. At least one of the circumstarstesild be fulfilledin order to use the
method. However, regarding BVP there are no puymacurement laws and regulations
that regulate or prohibit from using the approanhpublic sector. As long as it is
implemented within the existing basicpublic procuemt laws and regulations, it is
possible to implement the approach in all kindprojects.

In CD, the client gets access to several supplides at the same time, the during
individualdialogue phase. The selection in thisrapph is based on the best idea to the
project. Therefore, CD gives the client to selecbptimal and innovative solution for the
project. In BVP, the client gets access to only sagplier plan to the project during the
clarification phase. The selection in this appro&lbased on best past performance.
Only one supplier (the first best value suppliegsent their plan to the project during the
clarification phase. The client asks questions@rdment during this phase if they think
their major concerns are not addressed adequayellgebplan. If the client manages to
document the scope presented by the supplier dutesddress their major requirements,
the client can disqualify the supplier from therifleation phase. Then, they can invite
the second best value supplier to the clarificapibase to hear their plan.

In sum, one may conclude that CD suits when cliemtst to choose a supplier based
on their solution for a specific project. BVP suithen a client is looking for an expert
that has done relevant things several times wih performance.

CONCLUSIONS

This paper addressed three research questions.

1) What are the similarity and differences between B¥i# CD?

The major similarity of BVP and CD is that publizioers can use them to implement
ECI. Since ECI is one of the important elementd @dén, BVP and CD can be used to
implement lean in public sector. The other simijaiis that they allow interaction
between a client and suppliers before contractisigrRegarding their differences, the
major ones are: In CD, several suppliers develdgtisos for a project whereas only one

20 Proceedings IGLC-26, July 201&€hennai, India



A Comparison of Competitive Dialogue and Best V&tacurement

in BVP. Furthermore, BVP is standardized and efffecinethod compared to CD during
the procurement phase.

2) Which approach suits for what kind of project siiioias?

The selection premises in BVP are based on thelisugpast performances and
ability to understand the current project requirem&herefore, BVP suits when a client
looks for a supplier that has done relevant thisgpgeral times with high performance.
The selection premises in CD arebased on the swpptiocumentation of their solution
to a specific project. Therefore, CD suits wherient is willing to invest more in the
procurement phase to increase the product valu®impeting several suppliers based on
their solutions to the project.

3) Which approach is better to implement lean in pubdéctor?

Both BVP and CD can be used to implement lean blipsector. BVP reduce waste
and CD increase value. BVP is an effective procediuring the procurement phase,and
it reduces waste in this phase. CD is relatively expensive procedure during the
procurement phase. However, it facilitates selgctind implementing project solutions
that suit the project and the client needs. TheegefGD increase project value with minor
increase of cost during the procurement phase.

This paper contributes to IGLC community by explagn and comparing two
methods that can be used by public owners to imghehean during procurement. Future
study may explore the potential that the two apginea can from each other achieve both
increases in value and reduce waste simultaneously.
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BEST VALUE PROCUREMENT (BVP) IN A
MEGA INFRASTRUCTURE PROJECT

Mikkel Narmo !, Paulos Abebe Wondimd, Laedre O3

ABSTRACT

The Norwegian Government recently established a pablic company called New
Roads with the aim to create more value for mondhimvroad investment. To meet
government expectations, New Roads has startededast Value Procurement (BVP)
in mega infrastructure projects. BVP emphasizestraotor selection and risk
management from the beginning of the project to aealdie and reduce waste in all
project phases. The purpose of this research expiore the experience of client and
vendor personnel with the implementation of BVRr@mommendations can be given for
future application. In addition to a literature igv, one of the first BVP projects was
studied through 11 in-depth semi-structured intamg with key informants. Both client
and vendor applauded the approach. Three signifgfaared positive experiences with
the method were found: better risk managementisteaperformance expectations, and
efficient procurement procedure. BVP is one of salvapproaches that can be used to
award contracts based on qualification rather fvace. In addition, the method brings
risk management to the beginning of the project.

KEYWORDS

Best Value Procurement (BVP), Public Procuremenitastructure projects, Lean, ECI

INTRODUCTION

Infrastructure projects are growing in scale anchglexity. Productivity problems in the
construction industry are a global challenge (Pelatral. 2014). The Norwegian
government sees the need for more effectiveimpléation strategies to increase value
creation in infrastructure projects. The governmeamdims that more efficient
implementation strategies in infrastructure prgestow projects to be completed faster
with lower project costs (Norwegian Ministry of Tigport and Communications 2013).
Toimplement the strategy, the government estaldisheew public company called New
Roads, a streamlined client organization.

1 M.Sc. Student, Department of Civil and Transgemgineering, Norwegian University of Science and
Technology (NTNU)/Project Engineer, Veidekke ASpRéa +47 99415674, narmo@live.no

PhD Candidate, NTNU, Trondheim, Norway/Senior iBagr, Norwegian Public Roads

Administration (NPRA), Norway, +4790111814, pasgondimu@ntnu.no/
paulos.wondimu@vegvesen.no

3 Assoc. prof., Dr.Ing., NTNU, Trondheim, Norway}#91189938, ola.ladre@ntnu.no

2



Mikkel Narmo, Paulos Abebe Wondimu, Laedre O.

In order to build infrastructure projects more @#tly, New Roads involves
contractors earlier and uses design-build contr@oB). As one of the methods to
include contractors, the company uses Best ValuecuPement (BVP). BVP is a
procurement- and management approach that aimsimize inefficiency and waste of
resources by contractinga vendor with a highlevedxpertise(Kashiwagi 2016).BVP is
one of severalapproachesthat can be used to impteezly contractor involvement
(ECDto increase value in public projects(Wondintak 2016). BVP is one of the ways
to award contracts based on qualification rathan tbnly price (Storteboom et al. 2017).
Collaborative approaches such as integrated prajelctery (IPD), project alliancing,
and project partnering have a similar focus (Lalpgea 2012).

BVP was developed at Arizona State University bya&ashiwagi in 1992. The
method has been modified and changed several t{Ka&shiwagi 2016). Best Value
Approach and Best Value Performance Informatiorcém@ment System (BV PIPS) are
names that also are used to describe this method. paper uses the term BVP for
consistency.

There is limited documentation related to BVP ire tNorwegian construction
industry. This paper explores the experiences oftigg@ants in a Norwegian
infrastructure project and addresses the followesgarch questions:

* How was Best Value Procurement implemented?
* What were the participants’ experiences withusiegtB/alue Procurement?
* How can Best Value Procurement be improved forreutise?

The research is limited to a single case and eaplthe experiences of the client and
the winning vendor with the method. At the timesthhalysis was carried out, the case
project had just started the execution phase. fesalt, there search did not explore the
approach during the execution phase.

RESEARCH METHOD

The research was carried out based on literatwteweand a single case study. The case
was studied using eleven in-depth semi-structunéelviews and a document study. A
case study is suitable for research questions sgeki explain how or why asocial
phenomenon works(Yin 2014).Therefore, the caseystsdan appropriate method to
address the research questions. The studied cpsesented in Table 1.

Table 1: Case presentation

Project Name Description Year Cost (USD)

E6 Arnkvern — Moelv 24km road expansion 2017 — 2020% 287,000 000

A total of 11 key persons, 4 from the client andr@m the winning vendor, were

interviewed from the case project. The intervievesevwconducted through in-depth semi-
structured interviews based on an interview guitee interview guide was developed
based on the research questions. All interviewsewsrried out face to face at the
interviewee’s offices. The interview took on avera®p to 90 minutes. Since it was a
semi-structured interview, the informants were abldiverge from the theme and focus
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on what they found interesting. While the intervéetollowed a prepared guide, they
were flexible enough to create an interesting dismn on the subject (Bryman and Bell
2015). During the interviews, field notes were taked the interviewswere recorded. To
achieve quality and credibility in the researceuenmary of the interview was sent to the
informants for reviewing. After the interviews, doaents provided by interviewees were
studied to achieve data triangulation (Yin 2014¢ Tata were hand-coded and analyzed
hand-in-hand with the data collection, and findingsre written up based on the
description of Creswell (2013).

THEORETICAL FRAMEWORK

LEAN WITHIN BVP

Lean is a way to design a production system to mize waste and maximize value
(Koskela et al. 2002). It is important to includah elements in the contract in order to
assure lean implementation (Toolanen et al. 2088lvocates of lean construction
promote early contractor involvement (ECI) to fertiteduce waste. ECI can be used in
the construction sector to reduce waste by creatiggnizational integration in the early
phase of a project(Wondimu et al. 2016).There aversl approaches to implement ECI
in the public sector(Wondimu et al. 2016). One loénh is BVP. Kashiwagi (2016)
describes BVP as a new procurement, risk manageraedt project management
approach.

Clients usually resist transparency, especiallymibheomes to revealing their budget
for a project (Ballard 2008).When BVP is used agr@acurement approach, the client
seeks a transparent contract where as much ofrtjecprisk as posible is identified in
advance. Transparency is created by providing damininformation during
communication (Kashiwagi 2016).BVP has four phaseslustrated in Figure 1.

S m

Figure 1: Four phasesof BVP

Preparation Phase

Rijt et al. (2016) label this phase as the preparaphase where the main goal is to
prepare the client organization for implementing VP method. Kashiwagi (2016)
describes BVP as a difficult shift in paradigm thepplaces the client’s decision-making,
management, direction and control with the utilaatof contracted expertise. The client
must choose a sponsor in the organization who stales the BVP philosophy
completely and choose a core team that will benégiin this new method (Sullivan
2010).

The central concern for the client is “what” is ggito be achievedas a result of
finishing the project. “How” becomes the vendoesponsibility (Rijt et al. 2016).

The final step in the preparation phase is comgpiincore document describing the
project objective and scope, weighting the selectioteria, and establishing the project
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budget ceiling. When the budget ceiling is knownthg vendors, they can adjust their
scope accordingly or decline to participate (Kastyiw2016). There is a risk that an
incorrect budget ceiling may be set. Therefore, whwrking with the ceiling budget,
vendors should be consulted to determine the bu(Rjgt et al. 2016). According to
Kashiwagi (2016), pre-qualification is optional BVP, but it could be beneficial in
markets with high vendor capacity. Pre-qualificationits the use of resources for the
client and non-qualified vendors (Laedre 2009).

The literature on the preparation phase mainly desuon preparing the client
organization for the new approach.

Selection Phase

During the selection phase in BVP, the client st@dek out the vendor with the highest
level of expertise for the lowest cost. The cliases the following five selection criteria
to select an expert vendor: Level of Expertise (LEEsk Assessment (RA), Value Added
(VA), price, and interview. The weighting of critercan vary, but Kashiwagi (2016) and
Rijt et al. (2016) state that priceshould be thastieimportant factorcompared to
gualifications because of the budget ceiling. le selection phase, the client uses four
filters: project capability (LE, RA and VA), inteew, prioritization and dominance
check before entering the next phase: clarificafidashiwagi 2016). These four filters
are explained in detail below.

During filter 1, each vendor must differentiateelfsbased on their company’s
expertise via the project capability submittals sisting of three 2-page documents. In
the LE document, vendors differentiate themselveth wion-technical dominant
information that describes why they have the cdpisi to fulfill the client requirements
supported by previous performance data. The RA meot is where the vendor
identifies significant risks of the project thaethdo not have control over (client’s risk),
along with a plan for risk mitigation. The VA docent includes proposals or
recommendations that can add significant valuehéoproject. The project capability is
anonymous and will be rated by the evaluation camemibefore filter 2, interviews
(Kashiwagi 2016).

Filter 2 is the interview of key personnel. Thigeiviewshould be as short as possible,
20 minutes is sufficient (Kashiwagi 2016). It isngoarable to a job interview where
selected individuals are interviewed separatelyrotigh dominant information, they
should be able to explain their plan for projeacass (Rijt et al. 2016).

In filter 3, the client uses the rating criteriagooritize the vendors. This is the first
time the price is revealed to the committee. Basedhe committee rating, the highest
scoring vendor is addressed as the prioritized Bakte vendor (Rijt et al. 2016).

During filter 4 is a dominance check. Before emgrithe clarification phase, a
dominance check is performed on the best valuearettdensure that they are the best
value for the lowest cost (Kashiwagi 2016). The dwmce check investigates the
accuracy of the ratings from the selection commijtteerifying the information given by
the prioritized vendor and determines whether th&t cules (if any) are met.Snippert
(2014) states that information verification of trendor before the clarification phase has
great importance.
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The BVP approach has a specific selection phagefive selection criteria. However,
the method gives very little room for selectiondzasn technical solutions.

Clarification Phase

When the prioritized BV vendor entersthe clarificatphase, the objective is to clarify
their offer. At this point, it is essential thaktBV vendor explainwhat is included in their
project scope and what is out of scope. By creatingsparency in the offer, client

expectations are likely to be more realistic. Fa first time in the process, the vendor
has to show technical competence by revealing f@asp This includes providing a

detailed project schedule and milestone schedidmgawith a plan for performance

measurements through key performance indicatorshieagi 2016).

The vendor presents the risk management plan (RMR)g the clarification phase.
The RMP includes a list of identified risks, apfan mitigating risk and an action plan if
a listed risk occurs. The client owns the risk anfinancially responsible for it, while the
expert has no risk (Kashiwagi 2016). RMP and theskiye risk report (WRR) are
included in the vendor's contract. Together theat transparency and remove the need
for management and control by the client (Kashiw2@i6). If the client accepts the
vendor’s offer, the contractis signed after theifitation phase.

Execution Phase

After awarding the best value vendor that was sedkas the expert during the selection
phase and confirmed it in the clarification phasescution begins. The risk management
plan (RMP) becomes a dynamic document during thecwion phase through the
weekly risk report (WRR). The RMP and the WRR & primary tools in the execution
phase. They allow the client to perform qualityuraace on the vendor (Kashiwagi 2011,
Rijt et al. 2016). The vendor sends an updated WiRRe client every week to create
transparency in the project. If the client’'s orgation has several BVP projects in their
portfolio, a collection of all the WRRs form a Dater's Report (DR).In the DR, the
client can easily get an overview of total projeetformance (Rijt et al. 2016).

FINDINGS AND DISCUSSION

Figure 2 shows the structure of the findings arstwssion section. It is structured using
the three research questions and organized undetthphases in BVP.
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Preparation Clarification

How was Best Value Procurement implemented?
H i+ Norwegian Standard

= Education = No mformation i = Clarify solutions H
= Pre-qualification ! verification : +« RMP : - WRR
‘What were the participants’ experiences with using Best Value Procurement?
i
» Importance of BVP i . Subjective i = Realistic expectations | + BVP disappearing
education i +  Efficient procurement; = Challenging with roles ; - WRR
+  Qualified i = Easy selection i = Juridical risk

| |
! = Expertise over price | l

Hlnw can Best Value Procurement be improved for fuil:ure use?

+ Earlier involvement i More objective i + Education and ! = WRR as a part of the
'«  Information ! experiences | contract
i verification i i = Customise the contract to
i i ' BVP

Figure 2: Findings as presented in the findings@ieadussion section

HoOw BVP WAS IMPLEMENTED

In the preparation phase,the client used the Norwegian translation of thé*Byook of
Rijt et al. (2016) as a guideline. The client seddca sponsor and a core team according
to the recommendations in this book. Not all of plaeticipants in the client's core team
were educated externally in the BVP approach. Wéntike client, the winning vendor
trainedthe participants in the tender team externhd addition, both the client and the
vendor involved external BVP experts to supportittauring the preparation phase. By
the end of the preparation phase, the client hadldped a core document (request for
proposal) with five project goals and a budgeticgil Pre-qualification was also carried
out, where by the client selected four vendorsaudigipate in the tender competition.

During the selection phasegeach of the four pre-qualified vendors submitted an
envelope with two pages describing Level of Exgert(LE), two pages on Risk
assessment (RA) and two pages on Value Added (VAg client interviewed three
persons from each vendor. These interviews wererded and transcribed. The price
was submitted in a second envelope to ensure adhaction. Table 2 shows the client’s
weighting of the selection criteria.

Table 2: Selection criteria and weighting

Criteria:  Level of expertise Risk Assessment Plan &ue added Price Interview

Weighting: 25% 15% 10% 25% 25%

After prioritizing the vendors, the client invitetie highest scoring vendor to the
clarification phase without dominance check or verification of thedenng information.
During the clarification phase, there was a higlelef interaction. The vendor presented
the Risk Management Plan (RMP), Weekly Risk RefdfRR) and Key Performance
Indicators (KPI) before clarifying planned technisalutions for the client. The contract
was signed 6 months after the project was annoufweender. The contract was based
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on the Norwegian standard regulations for desigh lauild contracts (NS 8407). Also,

the client had a contract option for the mainteeanicthe road for the next 20 years. To
sum up, the implementation of BVP was in line wtle recommendations of Rijt et al.

(2016).

At the time the data collection was completed,ghgect had been in thexecution
phase for only two and a half months. The intervieweestial experience from the
execution was that they had kept the WRR up to aateso far had managed to keep the
BVP mindset.

EXPERIENCES WITH BVP

During the preparation phase both client and vendor mentioned the importante o
educating their teams in BVP since the approachades a different mentality than
traditionalmethods. A respondent from the clienggasted that one of the reasons for
choosing BVP in complex projects is that it stedrs client to obtain a reliable and
trustworthy vendor.

In BVP, qualifications are given more weight tharce. This is appropriate when the
client wants a qualified vendor. The client does have to be concerned about the
technical solutions during the preparation phasesthese will be explained during the
clarification phase.

Both client and vendor expressed that they expeenthe selection phaseas
transparent, so they did not worry about legalassill four interviewees from the client
were part of the evaluation committee in the selagbhase, and they all agreed that the
prioritized vendor stood out from the competitorsidg the selection phase. Selection
was based on the vendor’s past preformance.Theviexe process was especially useful
for the evaluation committee since it revealed Wwhot the vendors best understood what
the client needed.

Two of the client interviewees emphasized that@pagesin the first tender envelope
made the selection phase more efficient. It forttexlvendors to present only the most
essential information. At the same time, the vevdas positive about being evaluated on
expertise rather than lowest price. Still, they hHadput a great deal of work into
estimating the cost and providing the 6 tender page

The vendors’ responses for how to meet the prajeets described in the tender
document were used for evaluation. It appearedtiteaproject goals could be interpreted
in several ways. As a result, the vendors’ recontdaBons on how to meet these goals
took very different directions, so it was difficuttr the client to directly compare the
recommendations. Because of this, the evaluatiomnutiee had to do subjective
evaluations of these responses.

According to most of the respondents, ttarification phase was important for
developing a good relationship between the tworestihg parties. During this phase,
the participants from the vendor and client arevedld to socialize. The client gets to
know the vendor's personnel, theirtechnical sohgi@nd their work ethic before signing
the contract. The risk management plan (RMP) wasptfimary focus throughout this
phase, and the weekly risk reporting (WRR) begasafesult, both the client and the
vendor found this phase useful.
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Interviewees from both the client and vendor stabed the scope of the tender was
clearly specified, and the client's experience Wt the vendor led this phase. The
parties experienced openness between them. Forpéxathe vendor was transparent
regarding quality differences in the road paveménthey weregoing to maintain the
road for the next 20 years, the quality would neebe high. If not, the quality might be
low to save cost. This transparency enabled thentclio adjust expectations before
contract signing.

The challenging part of the clarification phase wadefine the new roles for both the
client and vendor personnel. In BVP, the venddhéexpert. Thus, the client should not
direct, manage and control the vendor. This wadlariging primarilyfor the client
personnel since most of them come from traditiooks in the construction sector.

If the tender from the vendor doesn’t meet thentlieeeds, the vendor could be
disqualified. So far, no vendors have been dis@jadfor any Norwegian BVP projects.
Therefore, the uncertainty is high regarding wihmt dutcome of such a short coming
would be. It is possible to identify BVP as an @#nt procurement procedure for both
the client and vendors since it is less resoureeatheling than traditional procurement
procedures, particularly because only one vendes gm to the clarification phase and
develops the project.

During this research, the case study project hadgiarted thexecution phaselt is
therefore difficult to report the experiences WBYP in this phase. However, the vendor
interviewees indicated that there is a tendencyHerBVP philosophy to dissipate, even
though they have maintained the WRR and tried epkbe BVP mindset.

This contract is based on the Norwegian standagdlagons for design and build
contracts (NS 8407), and BVP is not part of thetimmi.An example that vendor raised
was about a client risk that they had been reppifon several weeks in the WRR along
with a risk-reducing measure. Before the vendor alale to initiate this risk-reducing
measure, the risk occurred. As a result, the riscted project progress. When the
vendor presented a claim for compensation sinceiskehad been reported in the WRR,
the client’'s lawyer responded that the riskwasrepbrted in line with the contract (NS
8407). Therefore, the client was not fully respbtesifor the risk. However, this dispute
was quickly resolved when the project manager efvindor and the project manager of
the client decided to meet and discuss the isst@m Ehat point on, the vendor has
carefully followed the contract to minimize thekrisf a new dispute.

RECOMMENDATIONS FOR FUTURE IMPROVEMENTS

Regarding theoreparation phase the interviewees from both the client and thedagn
agreed that there is potential for value creatidhe vendor is involved earlier than was
the case here. More specifically, the vendor shbeldnvolvedbefore the zoning plan is
decided. The zoning plan prevented the vendor thoosing an optimal road alignment
and construction method. The contract allows th&reector to try to change the zoning
plan, but that would require an uncertain politipabcess in the local municipality.
Therefore, the recommendation is to involve thedeerbefore the zoning plan has been
finalized.
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Based on the document study and observationselleetion phaseseems to be more
subjectively oriented than what is described in litexature. This is unfortunate, as it
might lead to incorrect vendor selection. In the pages describing Level of Expertise,
the vendors should explain why they are capabbbieving the project goals in the best
possible way. An example of a goal in the caseegtag “minimize disadvantages for all
road traffic groups.” This phrasing leads to areiptetation of “disadvantages” by both
the evaluation committee and the vendors’ tendeagns. When the written part of the
selection phase is subjective, and the intervievils e subjective, then the whole
selection becomes vulnerable. The authors recommekihg this stage more objective
by formulating the project goals in a clearlyobjeet mannerand by stating in the
tendering documents that the vendors can only sutdojective claims.

The selection phase isprimarilybased on claims ftoenvendor. The vendor should
support their claims by referring to previous perfiance. To ensure transparency in the
process and to prevent vendors from submitting gasaded past performance claims, it
is crucial that the client verifies the informatigiven by the vendor in the dominance
check before entering the clarification phase.

The challenges in thelarification phase are related to the mentality of the vendor
and client personnel. None of the interviewees damed about their roles. They
accepted that the vendor is an expert and thetabem non-expert, but they said it was
difficult to stay in those roles. More educatiordaxperience with the method will help
the participants to understand and define thee bdtter in the future. Since the method
is new in Norway, it is important to transfer thgerience between projects.

The primary tool in theexecution phasds the WRR. Our findings indicate that the
vendor changed their WRR practice for two reasémst, WRR was not part of the
contract. Second, the standard NS 8407 contract meascustomized to fit another
reporting system. Both the client and the vendoeedj that starting the risk management
in the early phase had a positive effect. If thentlwants to use the risk management
plan from BVP in future projects, then the WRR ddobe part of the contract.
Furthermore, the standard contract should be cus&minso that it suits the WRR
reporting system.

CONCLUSION

Overall, the client and the vendor in the invesedaproject had a positive experience
with BVP. As a result, they are enthusiastic fotufea use. However, this experience
identified three major advantages of BVP over tradal procurement processes:

* Better risk management
» Realistic expectations of client’s and vendor’'sipgnance
» Efficient procurement, with less waste.

The risk management approach for the case projastreceived with satisfaction
from both parties. Vendor personnel expressed #rgdectation that they will use the
same risk management with or without BVP in futprejects. Realistic expectations in
the clarification phase before contract signingateeransparency and minimize the risk
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of conflicts. Further more, BVP is an efficient pppement procedure for both the client
and vendors since it is less resource demandimgtthditional procurement procedures.

Projects that are open for more than one solutemefit from ECI when using the
vendor's expertise in the early phase. During B3lémentation, awarding the vendor
by qualifications rather than only price is benielicBVP is one of several approaches
that can be used to award based on qualificatitimerathan price. In addition, the
approach brings risk management to the beginnirigeoproject.

In the future, it is recommended that the expeersncf the vendors that did not
succeed in the selection phase be investigatedird-studies should also consider the
effect of this procurement approach in the progatcution phase. Furthermore, more
case studies on future BVP should be carried pobiopare the findings from this study.

REFERENCES

Ballard, G. (2008). "The Lean Project Delivery &yst An Update.'Lean Construction
Journal 1-19.

Bryman, A., and Bell, E. (2015Business research method3xford University Press,
USA.

Creswell, J. W. (2013)Research design: Qualitative, quantitative, and edixnethods
approachesSage publications.

Kashiwagi, D. (2011). "Case study: Best value prement/performance information
procurement system developmeritdurnal for the Advancement of Performance
Information & Value 3(1).

Kashiwagi, D. (2016). "Best Value Approaciiémpe, AZ: KSM Inc

Koskela, L., Howell, G., Ballard, G., and Tommeldin(2002). "The foundations of lean
construction.'Design and construction: Building in valu2l11-226.

Lahdenpera, P. (2012). "Making sense of the muaittyp contractual arrangements of
project partnering, project alliancing and integdat project delivery."
Construction Management and Economi3(1), 57-79.

Leedre, O. (2009). "Kontraktstrategi for bygg-ogemgsprosjekter.Tapir akademiske
forlag Trondheim

Norwegian Ministry of Transport and Communicati¢@813). "National Transport Plan
2014-2023 ". Report to the Storting (White paper).

Pekuri, L., Pekuri, A., and Haapasalo, H. "Analgsithe problem of procurement in
construction."Proc., 22nd Annual Conference of the Internatio@bup for
Lean ConstructionlGLC & Akademika forlag Oslo, 39-50.

Rijt, J. v. d., Santema, S. C. (2016). «Prestdtmp: met Best Value naar succesvolle
projecten». SCENTER

Snippert, T. (2014). "The best value approach ajksRiaterstaat: a model of
recommendations to improve the implementation efdlarification phase of the
best value approach."Master thesis, Universityweéiite.

Storteboom, A., Wondimu, P., Lohne, J., and Lee@Qrg2017). "Best Value Procurement
- The Practical Approach In The Netherland3rbcedia Computer Sciencé21,
398-406.

32 Proceedings IGLC-26, July 20[l8hennai, India



Best Value Procurement (BVP) in a Mega InfrastruetBroject

Sullivan, K. T. (2010). "Quality management progsaim the construction industry: Best
value compared with other methodologieslburnal of Management in
Engineering 27(4), 210-219.

Toolanen, B., Olofsson, T., and Johansson, J. Spamency and cooperation: essential
factors of lean constructingProc., Annual conference of the International Group
for Lean Construction: 18/07/2005-21/07/200mternational group for lean
construction, 127-133.

Wondimu, P. A., Hailemichael, E., Hosseini, A., beh J., Torp, O., and Leedre, O.
(2016). "Success factors for early contractor imgolent (ECI) in public
infrastructure projects.'SEB16 Build Green and Renovate Deéfsevier's
Energy Procedia, Tallinn and Helsinki.

Wondimu, P. A., Hosseini, A., Lohne, J., Hailemieh&., and Laedre, O. (2016). "Early
Contractor Involvement in Public Infrastructure jeots.” Proc. 24th Ann. Conf.
of the Int'l. Group for Lean Constructi@oston, MA, USA, sect.3 pp. 13-22.

Yin, R. K. (2014).Case study research: Design and meth&isye publications.

Contract and Cost Managemen83



Kalsaas, B.T., Hannas, G., Frislie, G..and Skaar2018). “Transformation from design-bid-build to
design-build contracts in road construction” Rroc. 26" Annual Conference of the International Group

for Lean Construction (IGLC). Gonzalez, V.A (ed.Fhennai, India, pp. 34-45DOI:
doi.org/10.24928/2018/0394. Available at: www.igket.

TRANSFORMATION FROM DESIGN-BID-
BUILD TO DESIGN-BUILD CONTRACTS IN
ROAD CONSTRUCTION

Bo Terje Kalsaas, Garil Hann&s?, Grethe Frislie®, and John Skaar*

ABSTRACT

This article was triggered by a public client ogtito change contracting strategy on a
pre-designed 4-lane motorway project from desightuiild to design-build contract.
The goal for the client is to build roads cheaped $aster with the greatest possible
economic benefits for society.

In the article, we ask: Which changes associaté the transition from a design-bid-
build to a design-build contract can be identifiedhe contractual relationship between
the public developer, contractor and subcontra@tdise article focuses on changes in
relation to constructability, construction time andsts, and discusses the issues of
quality and customer value.

The study is theoretically related to the principgént theory and transaction cost
theory, where the threat of opportunistic behavigucentral. This is also seen through
the lens of the Lean Construction triangle, whicbhulses on the need for harmonisation
between commercial element in the contract, orgdiois and production.

We analyse the case in relation to three propositio

* Design-build offers incentives that result in bettenstructability than design-
bid-build contracts.

e Design-build results in lower production costs &amter construction than design-
bid-build contracts.

* Quality and customer value come under pressuresigd-build contracts.

The first proposition seems to be confirmed byehwirical analysis. Production cost is,
however, not the same as the price for the clierg.more uncertainty related to the third
proposition. An important finding is that the deygér's change in strategy seems to

! Professor, Dr. Ing, Faculty of Engineering andeBce, Department of Engineering Sciences,

University of Agder, N-4846 Grimstad, Norway; e-inab.t.kalsaas@uia.no

Associate professor, PhD, Faculty of businesslang Department of working life and innovation,
University of Agder, N-4846 Grimstad, Norway; e-ingoril.hannas@uia.no

Research Assistant, M.Sc, Faculty of businesslawd Department of working life and innovation,
University of Agder, N-4846 Grimstad, Norway; e-ingrethe.frislie@uia.no

Assistant professor, M.Sc., Faculty of Enginegramd Science, Department of Engineering Sciences,
University of Agder, N-4846 Grimstad, Norway; e-fngphn.skaar@uia.no

2



Transformation from Design-Bid-Build to Design-BiuContracts in Road Construction

result in a radical change in working conditionstfee consulting design and engineering
companies, as well as to a great degree for thd beatractor. A strong relationship
between the contractor and consulting engineegspecially important to ensure success
in terms of execution, and we find indications thliances have been formed between
the parties.

KEYWORDS

Contract form, constructability, cost, progressstomer value.

INTRODUCTION

In this article, we focus on the consequences ahgimg a contract model from design-
bid-build to design-build on construction efficigncSeveral quantitative studies have
been done on the variations between design-bidHaumt design-build, and several of the
findings indicate that design-build produces mapid construction time (Whittington
2012, Park and Kwak, 2017). The choice betweengddsid-build and design-build is
very much a trade-off between the construction tiraesus the uncertainty surrounding
the cost aspect in each specific project.

The case for this article has been taken from gmagtruction in Norway, where all
public road construction has previously — and qtraeitionally - been governed by the
Norwegian Public Roads Administration (SVV). NekXtye Veier (NV) (translation:
“New Roads”) was created as a state-owned limitechpany established by the
Norwegian government in 2016, having to enable namie faster construction of public
roads with the available financial resources.

The article is only investigating the E18 Arendalvedestrand road project, which is
currently under constructiBnThe case comprises of two formerly connectedcstes of
road engineered by SVV as design-bid-build constashich are now combined as one
design-build contract. The stretch of road in goesis largely located on new terrain and
encompasses a 23 km 4-lane motorway with sevesatitrgs on the route, including 27
bridges and more than 10 crossing points for wédliThe contractual budget is
approximately NOK 4 billion incl. VAT.

Based on contractual and structural change in resipidity and distribution of risk
between central project participants, the overaighssue addressed in this article is:
Which changes can be identified in the transitionrbm a fully engineered design-
bid-build contract to a design-build contract? We focus on changes in relation to
constructability, construction time and costs iditidn to discussing the issues of quality
and customer value.

In the next sections, we first present the methmglo&l choices made, thereafter the
theoretical basis for analysing behavioural and tremtual issues in business
relationships. Subsequently, we propose a theatdteemework as the point of departure
for our propositions. This is followed by an emgali analysis and conclusions made
based on the propositions.

®50% completed April 38 2018
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METHOD

In this paper we are studying how the contractegnrahas been switched from design-
bid-build to design-build in_onproject. The unit of analysis is the change, &stifpe of
alternation signifies that one set of incentives leeen replaced by another set of
incentives. Thus, our aim is to highlight what tineans for the project’'s execution
regarding the organization, the feasibility of doastion, time, cost and quality. Since
what we are dealing with here is a single projéa, most obvious approach to choose is
one form or another of the case study method. i ittstance we first look to Sayer
(1992) concerning theoretically informed case @sdithen supplement this with Yin
(2003), who distinguishes between analytical aatistical generalization in case studies.
The termanalytical generalizatiormeans that we conduct a test of our theory through
engaging in discussion. The case study here foarsgsiestions associated with in-depth
studies and questions in the form of ‘why’ and ‘hoWe are in other words seeking
explanations for our observations.

Next, we apply propositions to bridge theory anthd&ach of these propositions is
discussed in relation to our findings, where we gethe findings either disprove or
confirm the propositions. In conclusion we retuonttie theory and evaluate whether or
not it is fruitful for the study (abduction). Theuglitative data are collected through
conducting nine interviews, of which three are witie client, two with the main
contractor (design management and production), with project consultants (design
management, BIM), one with the electro subcontraatad two with the construction
subcontractor. Eldholm and Pedersen’s master’'sstli2817) has supplemented this data
collection.

THEORETICAL BASIS FOR ANALYSING BEHAVIOUR IN
CONTRACTUAL RELATIONSHIPS

The major issue in the principal-agent theory & ¢bntractual relationship between two
or more parties, where one party, the agent, actsetalf of another party, the principal
(Jensen & Meckling, 1976). Different contractualamanisms and incentives are used to
govern the agent’s behaviour and the possibility dpportunism (Eisenhardt, 1989).
Misalignment of incentives and opportunistic bebaviare central issues in business
relationships. Creating contracts with incentivieat tbalance both risk and reward for
both parties, may be a way to control the ageet®biour in an appropriate direction for
the principal. Contracts could include multiple émsions of incentives, where the most
effective balance, are of great importance in @mtdesign (Kerkhove & Vanhoucke,
2015). However, a contract may only include theditions that the principal is able to
predict in advance, which in turn gives rise taramomplete contract, and the agent room
to act opportunistically after the contract is gdr(Rindfleisch & Heide, 1997). The risk
of opportunism is, to a large extent, the drivingpcé behind contractual control
mechanisms in business relationships (Williams®&35), and over decades vast amount
of research has put these premises to the test.

In theory and practice, however, the mechanismgavkernance and incentives to
regulate inter-organizational behaviour do not funadversal support. Several scholars
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have criticised the theoretical grounds for oppudtic behaviour in business
relationships. In his vast examination of contrabtacneil (1977) distinguishes between
transactional and relational contracts, where dtied puts more emphasis on trust rather
than monitoring mechanisms. Following this, Grantere(1985) argues that buyers and
sellers in the market do not make their decisioased on price alone; rather, their
experiences over time lead to relationships founaiedrust. Moreover, Miller (2009)
claims it is restricting to portray contractualatgbnships as pure transactions, and people
as primarily opportunistic. Likewise, other schelare emphasising that trust is not only
a cost-cutting device, but channels for knowledgeation and a basis for interactive
learning which trigger technological developmentl @ctonomic growth (e.g. Lundvall,
1992; Kalsaas, 2011, 2013).

We will analyse the research question through émsds ofgovernance mechanism
sand incentivebetween the client and contractor in a large canstn project, coupled
with the lean triangle perspective for efficienhstruction.

THEORETICAL ANALYSIS AND PROPOSITIONS

The Lean Construction triangle (Ballard, 2012; HbweO011l)is an approach to
understanding framework conditions for efficienhstuction in terms of time, cost and
quality, as well as customer value. The idea ig thare should be a harmonisation
between the commercial, organizational and prodocperspectives. In this case, the
commercial side of the model refers specifically N&¢’s contracting strategy and
agreement form. The essence of an agreement fonnbeahe distribution of risk and
responsibilities between the parties, clarificatadnwhich responsibilities belong to the
developer and the contractor respectively, whigpoesibilities are shared, and which
deliverables must form the outcome. Klakegg (20div)des the agreement form into
contract form, risk distribution, conflict resoloti mechanisms and settlement form.
Design-bid-build and design-build contracts arestlexamples of contract forms that
specifically define the other aspects of the agesgnform, both design-bid-build and
design-build contracts can be said primarily tdraasactional (see e.g. MacNeil 1977).

The organisational side of the LC-triangle covemsvhactors in the value chain
cooperate, including the developer and users, tlan ncontractor, architects and
engineers in design, subcontractors and suppliesswell as external agents and
stakeholder groups. How the actors collaborateahamgnificant influence on the flow,
efficiency and value creation of production (Mattise& Howell, 2005). Collaboration
can be characterised by limited trust and oppostimbehaviour/sub optimisation on the
one hand, while on the other enabled by a largeegegf trust and goodwill to find
solutions to unforeseen difficulties that arise wdwer, the threat of 'moral hazard’ and
sub optimisation between the parties can still petong the way.

In line with the premises of principal agent theargntractual incentives may provide
both opportunities and delimitations to promoteicgghcy in production, including
design. From this perspective we can consider i@ as an underlying force of
direction (structure), but contextual circumstanees/ prevent impact of incentives from
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being observed in individual projects.If we examineny constructions projects,
however, we can expect the structures of the agerefarms/contracts to come through.
Based on the arguments above, we draw the follopingositions:

* Proposition 1: Design-build offers incentives thesult in better constructability
than design-bid-build contracts.

* Proposition 2: Design-build results in lower protioe costs and faster
construction than design-bid-build contracts.

e Proposition 3: Quality and customer value come unmiessure in design-build

contracts.

From the first proposition we argue that when thesigh-build contractor is
responsible for both design and construction, theye incentives to adapt the design to
their expertise and production equipment. In theecaf design-bid-build contracts, the
client is responsible for the detailed design, #mete can be a time gap between the
design and construction phases.

As the various entrepreneurs are different wittpees to equipment and working
methods it is impossible to design solutions thateually constructible for everyone. In
traditional design bid build contracts, clients a@ondesign road projects that are just
sufficient for tendering a competition to build. €@nan entrepreneur has been selected,
designers are hired to complete follow-up engimegepras well as work out detailed
design. Without proper incentives, advisers maytwando the least amount of work
possible before the tender competition, as theyldvai this point be working in
accordance with a fixed rate contract, while folaps work is reimbursed in accordance
with hourly rates. In this sense advisers haventiges during the construction phase that
coincide with those of the entrepreneur: The eménregur can demand to be paid extra
through presenting change requests due to poodyguted drawings or those lacking key
elements, while advisers earn extra by the saménamézm. Thus, the incentive scheme
that follows a design bid build contract may hindee execution of a project without
hidden agendas. We can further assume a compléiégrent dynamic between the
contractor and design consultancy firm when thegteghase is controlled and paid for
by the contractor who will then be responsibledonstruction.

In proposition 2 we assume that costs and timdosety connected to the issue of
constructability. Good constructability can be expd to yield lower costs and quicker
production for the contractor, if they are othemvigperationally efficient and external
risks are manageable. These savings in time andf@othe contractor may be shared
with the developer and vyield lower total costs loé fproject. However, in traditional
design-build contracts, the supplier also factorsisk at a premium rate (cost) for the
client. The literature does not confirm that dedogiiid contracts become cheaper for the
client, see for example Park and Kwak (2017). Gndther hand, the literature confirms
that design-build is favourable for rapid complat{op. cit.).

In addition to the constructability argument, thentractor is responsible in design-
build for the lead time from start-up to handoved éhas the opportunity to optimise
design and production processes to ensure rapigrgs®. In design-build contracts,
design and construction take place simultaneouatier than sequentially as in design-

38 Proceedings IGLC-26, July 20i8hennai, India



Transformation from Design-Bid-Build to Design-BiuContracts in Road Construction

bid-build contracts. This enables time crashing @&y reduce the total completion time.
In addition, we can expect less detailed desigmwitigs if there is close interaction
between the design and construction teams. Relalimeg stretches of road in the same
project provide the opportunity for many pointsatfack in the trace and utilisation of
economies of scale for the contractor. Less rig adds to the time and cost benefits. For
the contractor, this represents lowering the rigkdixed price contracts and progress
delays.

In design-bid-build contracts, when the executiongtactor is not responsible for the
design documentation, there are gémgbortunities’ for the contractor to find defects in
the specified documentation, which may open for ahtrazard, confer the previous
theory. When price is highly emphasised for awagdine contract relative to other
performance measures, we can particularly expeticéh pricing in order to win the
contract, strong incentives for variation ordersd gressure for shirking on quality.
Under these circumstances the conditions for oppatic behaviour are thriving. The
general notion of conflict and low productivity de Klakegg, 2017) in the construction
industry underlines this.

From the above line of arguments, it follows tha guality and customer value can
be under pressure in design-build contracts witHixad price. Design-bid-build
contractors may be more favourable for ensuringocosr value as the developer retains
control over the design phase. But to capitalizetlie contractual arrangement, the
developer needs major monitoring and control procesl to follow up the
implementation phase, while at the same time emgudisincentives towards poorer
constructability and higher total costs. A contiragt process that ensures early
involvement of contractors will work towards strémgning the relationship (Sward,
2016) and increasing constructability, while redgccosts. This is because contractor’s
engineering knowledge can be utilized in the desmgocurement and preparation of
work documentation.

CONSTRUCTABILITY, COSTS, BUILD TIME AND
QUALITY/CUSTOMER VALUE

PROPOSITION 1

The road works project was nearly done being desigas two design-bid-build
enterprises when NV took over the project from 8¥V. The respondents refer to
several attempts to change the original projechglan order to not only make it
constructible but also to eliminate unnecessaryscdsor example, there was a level
crossing where the line was raised by 14 metergravthe entrepreneur could reduce
their soil-rock mass removal by 700,000 cubic nteut of a total of 7 million cubic
meters. In another example, the attempt to tramstotunnel into an intersection, which
would have produced both lower construction costaell as operating and maintenance
costs, had to be abandoned. We are talking abautgels that require zoning changes,
where the municipality in which the initiative hsismrted is the regulating authority. The
head of the client’s project organisation stateg thve didn’t have a chance politically
speaking, as so much negativity had been created before the project got started
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The project was met with such a great deal of t&@ste to the change involving creating
an intersection instead of the tunnel that therentitiative was stopped. There was
resistance from the zoning and state sector atig®rassociated with outdoor recreation
and wildlife, as well as several private interesbups. There was no time for long
regulatory processes. The individual case that ablybcreated the greatest amount of
negativity was that the main contractor had noluitked street lights in their original bid.
Omitting street lights created a great deal of tiegacoverage in both the local and
national media and was in the end not approvedhbyMD. Several people started to
think that NV was going to build quickly, cheaplydabadly, according to the head of the
client’'s project organisation. Further, changes hadn made to the wildlife underpass
tunnels, something that is referred to as a “hugdlenge” since there are no national
guidelines pertaining to this matter. Additionakkgveral other minor changes were made
which deviated from the original project plan. Oméormant from the design-build
contractor states that ‘we are good at some thimngszhoose solutions that are great for
us and that work in relation to our production appss.” By example, reference was
made to the formwork systems the company has disposal, and that such systems are
not available off the shelf. Consequently, bridges designed that are suited to these
formwork systems. The informant also argued thdte'w SVV designed the facility as a
design-bid-build contract, they designed many dffiee types of bridges and portals
without any real purpose.” The design manager woiksl to standardise to enable the
reuse of formwork systems. He strives for a sysigth few variables to avoid having to
use new materials and equipment and added thatawé afford it’.

The picture painted by the design-build contracsoconfirmed by informants from
the design side. However, in hindsight the desigmager believes that ‘we were too
open and creative in relation to the opportunia¢she beginning. We started off by
taking on too many battles/changes.” Examples o ithcluded increased fillings and
shorter bridges. Bridges are highly costly.

The data gathered demonstrates that there is & dosperation in the project
between the main contractor and the designers.désegn work was carried out by a
major Norwegian consultancy firm, and they havedaiciplines under one roof, also
electrical specialists. The design-build contrdstatesign manager and two design
assistants are based in the same location as #hgndes, and almost daily contact is
reported for the discussion of solutions and ptiesi

Details are moreover provided about a radicallyedént working situation for the
designers in the case of a design-build contraetod, in terms of simultaneous design
and construction. One statement was tlve¢ ‘have been controlled by SVV for 40-50
years. In the past;'we would deliver a main deliverable in transpoitat projects once
every 6 month$put that ‘now we supply work documentation up to 2-3 timesipg at
times” The findings also show that there are constaiinges that need to be made to
priorities based on the needs that arise on sitkerevgeology and geotechnics are the
major drivers of uncertainty for the project. Thesn-build contractor’s design manager
refers to coordination between the design and mtimlu sides, describing it as very
important as production can suddenly say that we need to gormdce detail on an area
that we had envisag€dThis is something that has led to a lot of frafttn amongst
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designers who are suddenly informed that sometthieg have worked hard on for a long
period of time must be put on hold. Changes like 8an occur because a job becomes
more complex than expected and must be prioriti€et example was that the design-
build contractor had underestimated the blastiroggss on one side of a bridge and had
to change the direction of the work in order to lumye. According to the contractor’s
informant, willingness to change is very importamtthis approach to construction, cf.
the following concerning the necessity for chanigeattitude.

One change that results from this connection betvassign and construction is that
the designers must deliver work documentation habhcomplete, which is something
neither they nor the contractor is used to. Thggars a risk for the work documentation
and 3D model being used for something it is notlygfar. A system is used to manage
degrees of maturity - the so-called model matungex (MMI), which corresponds to
Level of Development (LOD) system. The model caavmte, for example, the work
documentation for blasting/tracing the road, but tihee basis for other road building
tasks. The contractor describes this method aspadbwn-method’, which means that
first they determine the blasting profile. In desigd-build engineering, they would first
strengthen the road using various types of layesorb the blasting profile was
determined. This change is an example of adaptingh¢ head contractor's needs.
Another point that emerges is that the contracttanodoes not require detailed designs
for everything. The respondent from the contraetophasises, in this regard, that for the
road ‘we need data to trace the road’ while ‘fonstouction of the road we have our own
standardised solutions’.

Reference is made to the framework for design-buaishtracts which requires
changes in attitude and that ‘some still remain tijosccupied with finding design
faults.” Engaging in self-criticism, the informafiom the consultant states that they are
often asked to recommend a solution from severabog and thatdn the consultancy
side we find it easy to recommend the best solutitiie the contractor is interested in
something that is cheap and good endudhe design-build contractor’'s design manager
explains that communication with the designersdeagloped from being problematic to
being ‘much better’! Previously, we ended up withat too many questions from the
experts, and ‘it may have been that our messages were not claaugt. One
challenge from the perspective of the design-buidtractor is that the consultants
work with their own tunnel vision and may not beasavof a number of other related
issues. Instead of preparing a complete solution thahspires not to be constructible,
and having to start againwé try to correct the course while in progress ptio getting
too far’. The informant adds thattiis is something we have to trairi.dt is pointed out
that to achieve this, it is very important to fregtly involve the production apparatus.
They provide inputSometimes based solely on gut feeling, but itsnodiccurat&

In comparison to design-bid-build contracts ford®aone design manager on the
consultancy side claims on the basis of their owpedences that the SVV wanted good
solutions, which are expensive, and that he - smjbb —works to get the most work
possible for my designérsFurthermore, thatthis is completely the opposite to what
happens in a design-build contracthe informant makes the point tha€lling hours in
design-build contracts is not the ruling factoas “time is too scarce
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PROPOSITION 2

To manage the construction period in just 2 yeacs@months, you need a little bit of
crazy, according to the design-build contractor’'s desmganager. He emphasised the
need for Yery good progress monitorih@nd the ability to rapidly implement corrective
measures in the event of deviations on criticédtdat emerges from the interview with
the design manager that excavation commenced omghmafter conclusion of the
contract. A reflection from the same person is titavas too early - in the future we will
need to have the plans ready before we begin tenead. The consultant company
began design work on behalf of the risk owned kg ¢bntractor during the tendering
stage. The head of the consultants emphasisedt tisattechnically straightforward to
build roads on virgin territory, but since the cangtion project has to take place in a
short window of time, it becomes compleXde adds that this is away of clarifying
solutions that we are not used’.tolfhe head contractor attacked the complexity in
relation to the scope and time by dividing the ectg into smaller control areas.

The subcontractor for constructions (bridges) leagived the underlying design and
drawings too late and responded by simultaneouslykiwg on more bridges than
planned in order to follow the project’'s schedéthe time of the interview, 10 out of
26 bridges were being worked on. The informant f@oirout the increased complexity
involved with running 10 building sites at the satinge. The informant had a feeling that
they were only given priority within design aftéetroad line had been taken care of.

A respondent from the head contractor places anhasi® on the importance of
capturing‘everything’ in the contract, which requires experience. Thidue to the fact
that the price of the same job, based on his expeei increases during the process,
largely on the basis of follow on costs for othescgplines, but the contractorare also
hucksters” For example, it was claimed thatqueezing an activity into a very brief
period of time, with lots of people and equipmeegs resource utilisation fall from the
90-100% mark to 60%. There might be a lot happenimg it isn't efficierit The
contractor’'s design manager says thae “are happy to be tough when it comes to
purchasing - it's survival tactics. My tactic hasdn to avoid going for the lowest price,
but to aim for those in the middle layein the tendering phase, the head contractor
allied itself with a regional concrete works cootm and an electrical contractor with its
own design responsibility, in addition to the cdtemcy firm.

We have mentioned street lights. These were intedun the work plan after the
contract had been signed, and according to a regmbifrom the client,so we ended up
paying more for street lights than what we wouldtk@ne in a normal competitive
situatior, and he made the point thathe longer you wait, the most it cdst3he
respondent explained this phenomenon as being stigneof supply and demand, and
that it is a felatively common occurrence in construction prégebat additional work is
something that entrepreneurs make a lot of morieyrhe client respondents pointed out
that they felt it was important that contractorsned money, and that anything else
would produce a poorer profession over time.

An informant from the head contractor who is clgsebnnected with production
claimed that it is difficult to say if design-bid cheaper or more expensive than design-
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bid-build, “as the costs start running no matter whatis perspective was to utilise 130
large, expensive machines in two shift8¥é’re very much on the ball, we don’t have
time to sit around, we have to prodiicBlachinery costs is a central cost driver for the
head contractor. Additionally, the respondent thitkat design-bid-build was easier to
work with, becausethen the design work is finisHednd “we can go directly to the
client to find solutions to any problems that atise

PROPOSITION 3

Respondents from the contractor feel confident tihey are in control of the quality and
refer to the fact thattfust in the project is very highand that the head contractgldys
with very open cards A development has taken place in the projedhasense that the
client had thought that they were not to be outh@nbuilding site hardly at all in order to
have ‘full control over what happens when and wliefiéhey are referring in this regard
to the fact that there is, in spite of everything else, a huge itnaest of 4 billior
(NOK). The client’s staff inspects both the entesgrur’'s quality systems and performs
direct daily checks, and an informant claims tih&irt experience is that it is not enough
to inspect indirectly, that despite everything thare 800 men employed by the head
contractor who are working on the construction,séad who might have different
approaches to assuring quality. The head of tleattdi project organisation states thhat “
am very happy to have my inspectors

The execution of government road works projectdNorway is strictly regulated
through among other things a system of handboaksdiascribe this execution in detail.
A distinction is made between ‘must’ and ‘shouldguirements. Deviations from ‘must
requirements’ are to be approved by the VD, while tegional SVV-organisations
processes ‘should requirements’. This implies thadn if it is a design-build contract
emphasizing functional description, it is also ategyn of quality assurance requirements
that practitioners must base their projects on.

The data shows that experiences with the handbeaksslightly. According to the
head contractor’'s design manager, they hapefit thousands of hours on understanding
the handbooks, which are often inconsistemtirthermore, the informant states thit “
we are to aim to build cheaper and better, somethivas to be done about the
regulations.

Another aspect connected to progress and cos&gsyding to the informant from
the head contractor, that NV requires a reporteggme in the project that is equivalent
to what would be required on a design-bid-buildtcact.

CONCLUSION

The quality data show that great efforts have brade in the project through increasing
construct ability and simplifying the project inveay that we can easily relate to the
transfer to design-build. One obstacle to being dablmove further in this direction is
existing zoning plans and external forces workiggiast changes. Moreover, we see
from the data that road construction using a debighl contract provides a radically
different working methodology in terms of implematndn than is found in design-bid-
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build contracts. Thus far, the data shows thatcthse relationship between the design-
build contractor and the designers appears to benaach central to success. All in all,
proposition number 1 concerning constructabilitpegr to be verified.

With respect to the aspect regarding rapid progregsoposition 2, we have found
indications that most likely concur, including inoped constructability from proposition
1, working in several parallel places, simultanearsgineering and construction
conducted by the entrepreneur, utilisation of lasgale advantages with regard to rigs
and operations. There are moreover indicationsoofigcollaboration between the client
organisation and head contractor, who are pullinipé same direction.

The indications regarding progress may also be exted with reduced costs in
design and production. The design work must takegpmore quickly and seems to have
with a less detailed design for certain work tagkss indicates relatively less resources
for design, and along with the other factors, dedigild seems to produce lower
production costs, given that the head contractonages to optimise his demanding
logistics with good flow and resource utilisatiddesign-build also has a regime of
change requests that can contribute to pullingscogtvard for the client. On top of this,
there is figuring out the risk costs. Altogethee tiata indicate lower production cost, but
that is not equal to lower price for the client.mdore secure analysis would require
including more quantitative data.

In relation to proposition number 3 concerning fthet that design-build contracts put
pressure on quality and customer value, we hawe desa to verify, but it has been
confirmed to some extent. However, this primariignss from theoretical grounds that
strong focus on progress and costs may lead tatieds in quality. The data shows that
there is a focus on construction to a good enotadard, rather than the best possible.
It appears that the VD’s handbooks are signifidantensuring a minimum standard,
even if they can simultaneously be a source dhiran for practitioners.

The theory concerning incentives is confirmed ifatiten to expected changes in
behaviour due to the transition from design-biddantracts to design-build contracts
(proposition 1), which means we can assert tha ithian appropriate theory for the
analysis of such a phenomenon.

Further research on how contractual strategies mohgnge incentives for
collaboration and efficiency in construction ismpied to include additional investigation
of multiple partners in the construction value dhathrough both quantitative and
qualitative research approach.
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PROCESS-BASED COST MODELING
FRAMEWORK AND CASE STUDY

Hung V. Nguyen, Iris D. Tommelein? and Paul Martin®

ABSTRACT

This paper provides a theoretical basis with reasahy traditional cost modeling
methods are insufficient to support project delwvehereby product and process design
are integrated and rapid cost feedback facilitatade off analysis between multiple
design alternatives. Traditional cost models dosudficiently reflect cost changes due to
changes in process design. This prompted our &@sé@aio an alternative cost modeling
method able to: (1) specify cost changes due togdmin product design, (2) specify
cost changes due to changes in process design3amutovide rapid cost feedback to
assist decision making during design/planning phabkis led to developing the Process-
based Cost Modeling (PBCM) framework that is présgnn this paper. The PBCM
framework includes three phases: (1) collectingcess and cost data, (2) mapping this
data to Building Information Model (BIM) objectsné (3) providing cost feedback
during design. The key contribution of this framekvéor modeling cost is that it takes
into account product and process design featurdscan thus serve integrated project
delivery teams while they explore production systisign alternatives.

KEYWORDS

Process-based Cost Modeling, Cost Estimating, Tafgleie Design, Lean construction

INTRODUCTION

In current construction accounting practice, thst @ an installed component is the cost
of materials plus the cost of all resources usenhdtall that component (Means 2015).

Traditional cost models such as regression modékd¢éoe 1992), parametric models

(Skitmore and Marston 1999), and elemental estmgatiethods (Soutos and Lowe 2011)
rely on historical data to model the cost of newigles. Historical cost databases provide
some kind of average productivity and cost measbesttd on completed projects. The
problem is that those projects may not have usetiods to eliminate process waste or
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improve productivity, and their context may diffsignificantly. Consequently, using
these productivity- and cost data, possibly couphetih outdated practices, tends to
increase estimated durations, drive up estimatesburee needs, and thus inflate
estimated cost.

Researchers have criticized traditional cost mofitelsheir focus on resources rather
than on processes. Wilson (1982) criticized theséeats’ reliance on historical data to
produce estimates of building or component coshaut explicit consideration of their
inherent variability in product design and instatla processes. Bowen et al. (1987)
argued that traditional cost models do not expldia systems they represent and
suggested that realistic cost models must simtilegeconstruction process and take into
account the cost implications of the process ugsamnstruct buildings.

Li et al. (2003) and Bargstadt and Blickling (200d9deled human resource activities
to determine process durations and associated gwocests during simulation of
production processes. They estimate labor coste\whaying the production process as a
computer game by measuring resource consumptidgheirsimulated processes. While
this may yield more accurate estimates than thased on historic data, they require
detailed process data that may be available otdyitathe construction documents phase.
Moreover, it may be very time consuming and expenso collect data and simulate
construction processes. To facilitate estimatardgment on cost implications of product
customization, Staub-French and Fischer (2002)Stadb-French et al. (2003) proposed
an activity-based cost model to help estimatorsotnize a project’s activities, resources,
and resource productivity rates based on theirepeetes and the particular features in a
given product model. This helps estimators mor@matly adjust project activities and
resource productivity rates but it does show estinsawhat the cost implications are of
changes in process, such as transportation andogistics, as the result of changes in
product design.

CURRENT PRACTICE OF COST MODELING TO INFORM
TARGET VALUE DESIGN (TVD)

Integrated Product-Process Design—as pursued ofecgsothat use TVD—is a
management practice that drives design to delivestomer value within project
constraints (Ballard 2009). The TVD environmenteosf opportunities to project team
members engaged in the design phase includingCéllpcation and collaboration, (2)
Set-Based Design exploring multiple design alteveat (3) Frequent sharing of
incomplete information, (4) Simultaneous design pbduct and process, (5) 3D
Design/Modeling and digital prototyping, and (6)adile contractor and supplier
participating in design.

The TVD process results in identifying design al&gives, not only with different
product cost and process cost, but also with diffeproduct features. As pointed out,
traditional cost modeling methods are too granidallow for trade-off analysis between
alternatives of product- and process design edpeea needed to support TVD. TVD
teams need a cost modeling method able to: (1)tdfyaost changes due to changes in
product design (i.e., materials, shapes, or dino@s3j (2) quantify cost changes due to
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changes in process design (i.e., sequencing, logjistr construction), and (3) give rapid
cost feedback to assist in decision making. Figupesents the cost modeling process
during Design Development on a project that useB TNguyen 2010).

Cost estimating practice applied during Design Dmwaent has not taken full
advantage of opportunities provided when projeatm® pursue integrated product- and
process design, such as those working in a TVDngetThough project managers and
detailers may be collocated, trade contractorst essmators may still work remotely in
their own company office and have little accessformation revealed in coordination
meetings, logistics planning, and production plagniAs a result, they may make
assumptions on information already available, astihate cost based on those. Such
assumptions lead to ‘contingency’ built into thdireate to account for uncertainty.
However, such contingencies could be eliminatexsiimators were aware of discussions
held during coordination meetings. Having costreators participate in key coordination
meetings would make their estimate less padded edtitingency and more accurately
reflecting the current facts. Moreover, when evahga design alternatives, the
coordination team could benefit from immediate @ubtice given by cost estimators.

Cost feedback

v |

3D Models Model-based Bill .Of Estimating Cost Estimates
Quantities > Software

Designs [ —» Quantity
f1

\/'rx Take-off
\ |

2D Drawings/ Manual,Screen
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Figure 1: Cost modeling process during Design Dmyelent phase

Current cost estimating practice during Design é@wment has not taken full
advantage of BIM. Though BIM has become a norm @myrprojects, cost estimators
still perform quantity take-offs using 2D drawingstracted out of 3D models. By doing
so, the design gets represented by multiple drasvag., plans and elevations) thereby
increasing the likelihood of an estimator missimgdouble counting individual design
elements. In addition, quantity take-off on 2D dwrays is time-consuming (Nguyen and
Martin 2011). That time could be reduced by takiwlyantage of BIM, so as to free the
estimator’s time to perform more value adding atiéi® such as helping their team with
providing cost advice and value engineering. Wité turrent estimating practice, upon
completion of a bill of quantities (BOQ) especialtya large-scale project, a design may
have changed, so that the BOQ and thus the castagstis out of date and possibly
rendered useless.

OVERVIEW OF PBCM FRAMEWORK

The Process-based Cost Modeling (PBCM) framewodsgited in this paper is not
intended to replace traditional cost models. Beeaile latter do not provide clear
process information of the estimated items, PBCNhisnded to supplement them by
making process information explicit to designemstglanners, and other team members.
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By linking a product model to cost data, PBCM mapvide rapid cost feedback to
design and lessen the time required to assembleipdates to inform TVD.

The purpose of PBCM is to support the selectioa désign alternative during Design
Development. Accordingly, the model needs to givelative cost and this can be useful
even when it is approximate. To do this, the costieh should be capable of making both
process-related cost and product-related cost @ixpid designers when they are
analyzing design alternatives. Process-relatedmagtinclude cost of material handling
and transportation, site logistics, and site iteti@n depending on the scope being
considered.

This cost model is best applied in projects wheeg klayers from upstream to
downstream of the project (such as the owner, @ahiengineers, GC, trade contractors,
suppliers) are members of the design team. It@sobe used in more traditional project
delivery systems with integrated approaches sucbBessgn Build (DB), Construction
Manager at Risk, and Multi-Prime with DB, wherelbtte GC and trade contractors can
be involved early in the design process. A desggish approach used in combination
with these project delivery systems may furtherilifate the participation of trade
contractors in design (Gil et al. 2001). Since seahly involvement is limited when
using Design-Bid-Build (DBB) as the project deliyemodel, a PBCM has few
opportunities for effective application in DBB. Wiithe owner in a DBB contract
(especially a public sector owner) may engage eotdrs early in design, in order to
avoid conflict of interest in bidding, they will ually exclude them from the bid list.
Although those contractors may provide insightftdgess- and cost advice to designers
and help estimate product- and process cost, ths@ates may not be all that useful
since the contractors later selected to do the wmal¢ use different means and methods
for construction. Figure 2 presents key procegsssté PBCM including three phases: (1)
Capturing process cost data, (2) Attaching cosd ttatan object family, and (3) Creating
cost feedback to a design team.
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Capturing Process Cost Data \ Attaching Data to Object Family\/ Creating Cost Feedback to TVD \
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Figure 2: PBCM framework

Capturing Process- and Cost Data

Process- and cost data may be collected basedeonfdwo scenarios: (1) products that
have standard process designs and (2) producteetiiste new process designs.

With standard products or systems (e.g., productadévio-Stock (MTS) or
Assembled to Order (ATO) (Tommelein et al. 200%))s possible for contractors to
develop standard processes for installation andatgbrocess data over time. In contrast,
with products or systems with more unique desighsnay be more difficult if not
impossible for contractors to develop standard gsses for installation. The use of one-
off Engineered to Order (ETO) and Fabricated toeD(@&TO) products tends to lead to
variation in the duration of installation activsi¢hat vary significantly in process design
or require new process design. Detail steps fdecitg process data for products that
require new process design are proposed as follows:

Step 1. Identify product and process: Select products ymtesns that have a high
installation cost, pose a challenge to site loggstrequire tight coordination between
specialists, or contain process uncertainty.

Step 2: Assemble a cross-functional team The cross-funatiteam should include the
representatives of the designer or the engineer(Gi@3, the fabricator or the supplier of
the product or system, and the trade contractospeinform site installation work.

Step 3. Present process visualization of installationraliéves to the cross-functional
team. The objectives of process visualization ar€1) graphically display construction
processes to the team, (2) facilitate the coortindbetween designers, GC, suppliers,
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and trade contractors to integrate product- andga® design, and (3) help the team
develop a common understanding of work conditions.

Step 4: Map the process. 4.a. Define process boundary;lddntify process steps for
each specialty and specify hand-offs between sitiesia4.c. Map the process and
alternatives.

For each design alternative, the cross-functioeaimt provides data and knowledge to
map out fabrication, logistics, and installatiomgesses using process mapping. Process
maps serve as a platform for the team to provigatidata such as activities, sequencing
alternatives, estimated duration of each stepmastid number of man-hours to complete
each step, equipment, inventory space needs, aonstand coordination requirements
from each party.

Step 5. Capture process data by getting input from thesfanctional team. The GC,
designers, trade contractors, suppliers, and csh&ors provide data on each activity
in the process map such as distance from fabritatleop to construction site, truck
capacity, design quantities, crew composition,végtiduration, and estimated unit cost
for each cost driver. Process cost is calculatethysocess data and established rates for
labor, equipment, and materials.

Step 6: Feed process- and cost data into a database)atalcost of each activity, and
allocate activity cost to each unit of product.

CASE STUDY

A case study presents the application of PBCM tduate the installation alternative of a
Viscous Damping Wall (VDW) (Nguyen et al. 2009, N#het al. 2011) system used in
the Van Ness Campus project (VNC). A VDW considtaminner steel plate connected
to an upper floor girder, a steel tank connecteal mwer floor girder, and a viscous fluid
in the tank. The inner steel plate hangs in theouis fluid. In case of an earthquake it
will move and through friction dissipate energyoitie fluid. It is used to reduce seismic
accelerations and wind induced vibration in a stmec Although widely used in Japan,
VNC is the first project in the United States t@ asVDW system.

The VDW challenged logistics and field installatitor many reasons: (1) delivery
and installation of VDWSs required coordination olltiple project participants, (2)
members of the project delivery team had no previexperience in fabricating,
transporting, and installing the VDW system, (3)aaseismic control device installed in
between upper- and lower girders, the sequencastdliing the VDW system affected
the sequence of installing the whole structuragélssystem, (4) VNC construction site
was in downtown San Francisco, surrounded with ksissets, and with very limited
storage area on site, (5) the large size and heaight of each VDW unit added risks to
the installation process. In order to optimize theegration of product- and process
design, the integrated project delivery team wariteaxplore different schemes and
solutions for VDW installation.

The team established close collaboration betweerestimator, the Virtual Design
and Construction (VDC) staff, the designer, andldra@ontractors. This collaboration
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helped the estimator to understand how the 3D migdelilt, the data contained in the
model, and limitations of the model-based quartakeoff. At the same time, it helped
the VDC staff and the designer to understand estignaneeds and formats so that they
can specify names and assemblies of model objectsstimating purposes. Under the
guidance of the estimator, the trade contractossiged process related information and
specified impacts to fabrication/field installatidne to changes in product features.

With trade contractors on board during Design Depelent, the team created process
maps that cover design, fabrication, packagingnspartation, and installation of
important systems or components. With their fietdezience, trade contractors provided
estimates of process data and estimated costdorwlork scope. In this case study, the
researcher provided 3D simulations of constructmocess to help the team focus
discussion on constructability, logistics, make dseavork, activity duration, crew
composition, and types of equipment. The researcblred facilitate the application of
PBCM process and performed semi-structured intervievith structural steel team
representatives and the VDW trade partner to etaltiee effectiveness of the PBCM
method in evaluating design alternatives (NguyehO20Figure 3 depicts a sample in
which different types of data, collected from thregess mapping session, are input to a
database.

Attaching Process Cost Data to Object Family

Figure 4 illustrates the linking of three differdamily types of the VDW to process- and
cost data pertaining to four alternatives of inatain. The product model contains object
families created by the architect, the engineerther trade contractor. The database
contains product and cost data collected for tlogept. Each object family type, e.g., the
VDW size 7'x9’, is linked to process- and cost dafats four installation alternatives
including (1) pre-bolting, (2) inserting, (3) seqeeg, and (4) pre-bolting with kitting.

Providing Cost Feedback to TVD

When designers consider a change in product freduct family type) or process (i.e.,
method of installation), they may swap a currerddpct family in the product model
with another one in the model’s product library aetect an alternative of installation to
see the impact on final cost. If the team sees#ex for modifying process- and cost
data, they can access the database to make adjistfRer example, team members may
adjust crew composition, activity durations, tram$gtion distance, etc. according to
conditions of the current project. Since processd eost data are linked to the object
family, the team will be instantly provided withlaed changes in both product cost and
process cost. The linking of data between produmehand process cost model acts as
an integrated product/process/cost model that cawvige quick cost feedback to
designers.
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Tables in a database

sk Family type Description Material cost | Logistic Cost Installation cost Total unit cost

1 VDW 7'x9' Pre-bolting Viscous Damping Wall 7'x9" - Pre-bolti  $30,600.00 $727.02 $2,250.00 $33,577.00

2 VDW 7'x9' Inserting Viscous Damping Wall 7'x9" - Inserting $30,600.00 $799.92 $2,997.00 $34,397.00
\ 3 VDW 7'x9' Sequencing Viscous Damping Wall 7'x9" - Sequenc $30,600.00 5749.60 52,097.00 5$33,447.00
4 VDW 7'x9" Pre-bolting with kitting Viscous Damping Wall 7'x9" - Pre-bolti ~ $30,600.00 $869.92 $2,250.00 $33,720.00

5 VDW 7'x12' Pre-bolting Viscous Damping Wall 7'x12’ - Pre-bol $40,500.00 $727.02 $2,250.00 $43,477.02

6 VDW 7'x12' Inserting Viscous Damping Wall 7'x12’ - Insertin 540,500.00 5799.92 52,997.00 544,296.92

7 VDW 7'x12' Sequencing Viscous Damping Wall 7'x12’ - Sequen $40,500.00 $749.60 $2,087.00 $43,346.60

8 VDW 7'x12' Pre-bolting with kitting  Viscous Damping Wall 7'x12’ - Pre-bol $40,500.00 $869.92 $2,250.00 $43,619.92

9 VDW 7'x10' Pre-bolting Viscous Damping Wall 7'x10' - Pre-bol 5$34,100.00 5727.02 52,250.00 $37,077.00

10 VDW 7'x10' Inserting Viscous Damping Wall 7'x10 - Insertin $34,100.00 $799.92 $2,997.00 $37,897.00
11 VDW 7'x10' Sequencing Viscous Damping Wall 7’x10" - Sequen $34,100.00 5749.60 $2,097.00 $36,947.00
12 VDW 7'x10' Pre-bolting with kitting Viscous Damping Wall 7'x10' - Pre-bol $34,100.00 $869.92 $2,250.00 $37,220.00

Figure 3: Data input from process map to database

This cost data can be included in a quantity scleadithin a BIM authoring software
(e.g., Autodesk Revit) to provide cost feedbackiie design team in the course of
selecting product or process alternatives. Datdn sisc VWD counts can be extracted
from the model to calculate a total cost (Figure 5)
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Database Structural Column Viscous Damping Wall date:

Process and Cost
Database

Figure 4: Linking object family types of a produbdel to process cost data

Yiscous Damping YWall
. Description | Material Cost | Installation Co| Logistic Cost [Total Unit Cost; Count | Total Cost | Manufacturer |

Farmily and Type

WOWY 753" WOWY 7'x9' Pre-balting with k19" Viscous
WOW 7120 WDW 712" Pre-bolting wit (12" Viscous

30600 2250 563
] 3355 8

EEE] 75
e L]

562713 DS
SiEEFsT T niE

Figure 5: Cost feedback for ‘Pre-bolting with kitji installation alternative

Figure 5 depicts a VDW schedule view in AutodeskiR two VDW family types are
used in this design including 76 units of VDW 7'x8\d 79 units of VDW 7’x12’. The
selected method of installation is ‘Pre-bolting lwkitting’. Given the selected family
types, the method of installation, and the quaetitof VDW extracted from the design
model, the total estimated cost for this desigeradtive is $2,562,713 + $3,445,973 =
$6,008,686.

Figure 6 illustrates a team considering alternathaans for installing the VDW. A
team member may replace the object family type -Baleng with kitting’ with
‘Sequencing’, ‘Inserting’, or ‘Pre-bolting’ installion method to see how cost will be
effected. Values in related fields such as matenat, installation cost, or total cost, etc.
will change to reflect the choice of installatiortimod. When the quantity and the type of
VDW get changed during design, this informationl vieé immediately updated in the
model, and a new total cost is calculated autoraliyic

With this method, estimators can connect any tyfpdata contained in the process-
and cost database to a BIM object. This methodigesva link between a model element
and its related cost and process data. This lirdbles designers to have immediate
product and process cost feedback during desiga.nTéthod is most useful in informing

54 Proceedings IGLC-26, July 20i8hennai, India



Process-Based Cost Modeling Framework and CaseyStud

the decision-making process when it contains codtgocess information provided by
the trade contractors who will actually implemer tvork.

Wiscous Damping Wall
Farnily and Type . Descrigtion | Material Cost | Installation Co: Logistic Cost (Total Unit Costi Count | Total Cost | Manufacturer

OV 7S WOWY 7D Sequencing 9" %iscous 130600 2097 743 33445 7B 2541941 DIS
OV 702 312" Sequencingiiid REIRSTER = 12097 749 43346 i79 13424381 DIS
Dy 710 VDWW 710" Pre-bolting with kitting -
Dy 710 WDWY 710" Sequencing
Dy 7512 WDWY 712" Inserting
DY 7512 VDWW 712" Pre-bolting
DY 712" WEWY 712" Pre-halting with kitting

S OWY T2 Sequencing

Figure 6: Cost feedback for ‘Sequencing’ instadlatalternative

CONCLUSIONS

This paper reviews limitations of traditional cosbdeling methods and explores how an
integrated product-process-based cost modelingadatiay be established and applied
to facilitate Target Value Design (TVD). It formtdal directions for developing the
PBCM framework. Findings from the literature reviamnd observations of the current
state of cost modeling during the Design Developnmdrase in the TVD environment
revealed (1) the lack of an effective cost modehmgthod to inform TVD during Design
Development and (2) the lack of a framework to takeantage of BIM in estimating
product- and process cost. This paper deliveredreafpof concept for a PBCM
framework and validated it through application omase study using action research.
PBCM has more advantages in supporting TVD thadhitiomal cost estimating methods
have.

In addition, process-based cost estimating usembimection with BIM can provide
more useful data to compare design solutions thadhitional cost models do. Process
cost data that comes out of the PBCM can be enterBtM as properties of an assembly
or a system, so that designers will instantly hawst feedback on how total cost is
affected by their changes in product design or ggsalesign. By linking cost data to a
product model (BIM), a PBCM provides rapid costdieack to designers and lessens the
time required to assemble cost updates that arefaom those involved in TVD. By
integrating process- and product cost data with Bl integrated product/process/cost
model helps to streamline the design process ahdeerework in the design/estimate/re-
design iteration. In addition, the implementatidihe PBCM method helps the IPD team
to maintain a knowledge database of product degigpgess design, and their costs for
future projects.

Further case studies should be conducted on ditféypes of products or systems to
test and to further refine steps to be includethemimplementation of PBCM. A project
team can validate a PBCM using feedback of actoalscto review and adjust the
process- and cost data as well as to adjust PBCMsiiimating costs of future projects.
Further research is required to study the mecharmo$nadjusting PBCM based on
feedback from the actual cost data.
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EVALUATION OF A CASE STUDY TO DESIGN
A BIM -BASED CYCLE PLANNING CONCEPT

Paul Haringer* and André Borrmann?

ABSTRACT

Cycle Planning, or Takt Time Planning, is a keymoeltto reduce the variability between
different activities within the execution of a ctnustion. A construction section such as
a floor consists of multiple work zones, which sldobave continuous flow and similar

cycle times to efficiently coordinate needed resesr However, for concrete structures it
is often difficult to find suitable sizes of caglisegments and their grouping to work
zones. Nowadays, scheduling experts usually ude pinactical experience to find an

intuitive solution for Cycle Planning, which mighe sub-optimal. The objective of our

research is thus to develop a semiautomatic methgdnerate optimal work zones for a
cycle. The proposed solution is a BIM-based Cydénifing concept for the cast in-situ

construction method of walls. This paper lays tohentation for our concept and

evaluates different designs of Cycle Planning layda ensure the practical relevance of
the generated work zones. We provide an approathet@emiautomatic method: after
splitting all wall objects into smaller sections, @ptimization algorithm aggregates wall

sections into casting segments and casting segnmeotaork zones.

KEYWORDS
BIM, Cycle Planning, Takt Time Planning, Simulatidmwcal Breakdown Structure.

1 INTRODUCTION

Cycle Planning (CP) is a method to efficiently domst concrete structures cast in-situ.
The preferred way to achieve a continuous flownoisdhedule multiple casting segments
and cycles throughout the floor of a building. Thenber and size of casting segments
have a significant impact on the success of CP l@¢eand Seppéanen 2010). CP is often
unique to each building and time-consuming. Thailteis heavily dependent on the
available practical experience. Building Informatidlodeling (BIM) is suitable for
getting accurate quantity take-offs and makes ssfide to speed up the planning process
(Borrmann et al. 2015; MacLeamy 2004). TherefordM Bhelps to include the
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construction process further into the design phase so that CP could start already during
the design process. BIM provides a very useful digital basis for creating the required
breakdown structures like splitting wall objects into smaller wall sections and using their
individual attributes. The next step after the generation of casting segments and their
aggregation into suitable work zones is the optimal selection of formwork. In a Building
Information Model, casting segments are available as objects or as an aggregation of
multiple objects. Such objects and BIM processes in general can be used for automating
formwork layouts (Singh et al. 2017). Maximum reuse of formwork in consecutive work
zones reduces the amount of waste. Such work zones should be of similar size, shape, and
work amount (American Concrete Institute Committee 347 2014). There are methods to
optimize formwork in terms of reuse and minimum rental cost between already existing
work zones, e.g. (Biruk and Jaskowski 2017). The research represented in this paper lays
the foundation for filling the gap between the use of a general Building Information
Model and automatic design of formwork layouts.

In the first part of this paper, we describe different layouts of CP. We show how three
experts from three different companies, hereinafter called designers, designed a layout of
CP for the same project and construction section with identical boundary conditions. Two
of them work for formwork companies and one was the foreman responsible for the real
construction project. According to the evaluation of these different layouts, we want to
illustrate our approach — a BIM-Based Cycle Planning concept. The objective is to
develop a semiautomatic method to generate optimal work zones for a cycle. We
implemented a software prototype to prove the validity of the main elements of the
developed concept. However, this paper does not validate the whole concept as we are
still working on developing the concept further.

2 CASE STUDY OF CYCLE PLANNING

The initial step to reach our objective is to understand the Cycle Planning method. In
order to understand it, we use a case study, which provides information about the process
steps and individual rule interpretations. This is helpful for finding hard and soft
constraints to generate a layout of CP more automatically.

2.1 DESCRIPTION AND STRUCTURE OF THE CASE STuDY

The selected case study is a construction section of a residential building. The building
covers a surface area of about 750 m2 over five levels and it is one of a group of buildings.
Each level consists of eight apartments, two staircases, and an elevator shaft. The
material of the shell construction is reinforced concrete. The construction company
created the wall on site with the cast in-situ construction method. Based on the original
plans, we created a Building Information Model. The designers were provided with the
model and time schedule. The operating construction company used panel formwork as it
is practicable for this type of building with a simple and linear geometry (Hoffmann et al.
2012).

In summary, these are the components and boundary conditions provided to the designers:
* The Building Information Model with geometrical and material information.
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e The time schedule of 10 working days / 14 days wittekends with the time
duration (time limit) for the construction section.

* The limitation to use only panel formwork and oo@/¢r crane.
We received different results of each of desigiieigure 1).
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Figure 1: Visualization of the different layoutpided by the designers related to their
work zones and associated casting segments numbeoetil (Layout 1), 1 to 10
(Layout 2) and 1 to 13 (Layout 3).

Each number represents a casting segment. A grbupeatically colored casting
segments forms a work zone. Therefore, a work zepeesents all the elements that are
going to be built at the same time on site. Attléa® joints separate a casting segment.
Because the design of the provided Building InfararaModel did not consider casting
segments, we had to split already modeled wallsualnfor each received layout.

We received different data formats for the laydutsn the designers. One designer
used a 2D-printout of the construction section diffitrent colored pencils. The other
two designers used digital tools. One of them ubedsoftware Revit and DokaCAD,
while the other used solely PeriCAD.

2.2 DATA EVALUATION

Before analyzing the layouts and their relatiorthte predetermined time schedule, we
have to consider the technical characteristics @ntstraints. This is the initial step to
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find hard and soft constraints to generate a lagb@P more automatically. Table 1 lists
the quantities of the properties Length [m], Volufjn®] and Gross Side Area [m?] for
each casting segment.

Table 1: Comparison of the different layouts fromgufe 1 related to their grouping into
work zones (color) and properties of each castaggrent (number). W stands for
window and D stands for door opening.

Layoutl Layout 2 Layout 3
= E E g 4, E E 8. 4 E E 8. 4
Q = 2 N E £ < e N E £ < 2 " E £
n - > 0< o - > 0< @) - > 0< (e}
W D W D W D
1 16.35 6.67 4366 4 O 3342 1279 8927 8 1 11.03 648 2944 0 O
2 15.76  5.85 42.26 1 8.24 4.92 2200 0 1 11.96 655 3193 0 1
3
4 14.36 844 3834 0 O
5 19.04 10.23 5082 0 2
6 1.60 094 426 0 O
7 8.55 502 2282 0 O 13.14 724 3508 0 1
8 855 5.02 2282 0 O 8.55 5,02 2282 0 O 12.90 426 3426 3 1
9 998 586 2665 0 O 8.01 423 2138 0 1 1.55 044 414 0 1
10 8.01 424 2138 0 1 1.55 044 414 0 1 1.60 094 426 0 O
11 1139 6.31 2795 0 2 8.01 423 2137 0 1
12 14.36 844 3834 0 O
13 12.06 432 3219 2 1
Total: 135 63 360 14 9 135 63 360 14 9 135 63 360 14 9

Every row in Table 1 represents a casting segniér@.numbers of the casting segments
refer to the numbers shown in Figure 1. The casgeagments with the same color within
a layout belong to the same work zone. A verticaé Iseparates the work zones.
Additionally, Table 1 contains the number of opgsirior windows (W) and doors (D)
for each casting segment. This quantity is crubedause every opening influences the
possible size of casting segments. On the one maoik openings lead to increased time
for setting and stripping the formwork, becauséax-outs on sheathings. On the other
hand, the casting volume is decreased and thugirttee needed for reinforcing and
pouring is shorter because fewer rebar elementsegrered.

None of the layouts had joints at openings. Thearas that joints through openings
behave like a cantilever. It is like a beam, whigtanchored at one end to a support. A
structural engineer usually does not considerftisvalls during the structural analysis.
If there is a cantilever during the execution psscen site, then the engineers must
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consider this, because it changes the internat$of€ingerloos, Hegger and Zilch, 2012).
This is an additional challenge during the desigocess. Therefore, the rule of not
placing joints at openings is considered as a bandtraint.

By contrast, the following rules are soft consttair©One method to avoid cracks due
to shrinking is to provide adequate constructiantpp(Woodson, 2012). With respect to
limiting the length of casting segments, a rulenfrone designer is to limit the length to
around 12 meters, which is shown on Layout 3 inl§db The maximum length in
Layout 3 has casting segment 5 with 14.64 m. Suehngth limitation is also observable
in the layout pattern for Cycle Planning (Instifiit Zeitwirtschaft und Betriebsberatung
Bau, 2013). In corners and especially at buildiniges, walls often need additional
reinforcement stirrups (Fingerloos et al. 2012)nt¥oin corners increase the time and the
effort of rebar bracing with stirrups. Another disantage of joints in corners, especially
in the corner of a building, is the reduced spawe the bulkhead formwork. The
designer’s idea is to overlap such corners throaglength expansion of a casting
segment. The application of this rule can be seendsting segments 1 (Layout 1), 2 and
3 (Layout 2) and 8 (Layout 3) in Figure 1. A suleabolution for rebar bracing in T-type
corners is the use of rebar connection systems.

The essential rules we can derive from the layards
* No joints through openings.
« Limit the length of casting segments.
* Avoid joints in corners, especially in L-type corsén building corners.

2.3 DIFFERENT LAYOUTS RELATING TO TAKT TIME

According to Frandson (Frandson et al. July 20T2kt-time is the unit of time within
which a product must be produced (supply rate)roteoto match the rate at which that
product is needed (demand rate)h our case, the product is a finished work zome (
piece of wall) and we need all products finishethimi 14 days. As mentioned, we have
10 working days and with an assumption of 8.5 wagkihours per day, we get a total
working time of 85 working hours. For Layout 1 witiree working zones, we get a takt
time of 28.33 hours/product. Both Layouts 2 anch@ehfour working zones, so for them,
we get a takt time of 21.25 hours/product.

In order to calculate the time for each activitye wsed the denoted quantities from
the Building Information Model (Table 1) and muligl them by performance factors.
We estimated the amount of rebar using a percentdgthe casting volume and
calculated the needed time for the reinforcemeniviac (Hofstadler 2007). Since
formwork elements are used over and over in differ&ork zones, box-outs on
sheathings will change their position over time. i@k this into account by considering
such changes as well as openings with constant dumations taken from (Institut fur
Zeitwirtschaft und Betriebsberatung Bau 2013).

Often the construction companies have their owneslfor the performance factors
with an approximate target number of workers thegdito meet the activity time.
Because we did not get all the detailed data freeryedesigner, we decided to use
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values that were close to the designer’s data dsawdo the data denoted in guidelines

(Institut fur Zeitwirtschaft und BetriebsberatunguB2013).
Table 2 illustrates our calculated duration timessthe activities setting, reinforcing,

concreting and stripping, respectively.

Table 2: Calculated duration times of each actiaitg cycle time (Sum Work Zone) for
the work zones as well as their mean absolute al@iv related to the takt time.

Layout 1 Layout 1 Layout 1
-l N ™ - N (a2} < - N (37) <
(0] (&) (0] (&) (0] (&) () (&) (&) (0] (&)
= = = = = = = = = = =
(=] (©] (=] (©] (=] (©] (©] o o (=] (©]
Activity N N N N N N N N N N N
= = = = = = = = = = =
o o o o o o (=} o o o o
= = = = = = = = = = =
Setting 9.81 9.09 6.67 8.34 6.53 6.01 4.67 6.17 7.36 7.18 472
Reinforcing 9.25 12.82 11.36 9.39 5.60 10.39 7.79 9.32 7.98 9.06 6.76
Concreting 592 513 3.70 500 4.00 3.20 2.53 340 441 420 2.60
Stripping 262 363 321 2.66 158 294 2.21 264 2.26 2.57 1.91
Sum Work Zone: 27.61 30.66 24.95 25.38 17.71 2254 17.20 2153 22.00 23.01 16.00
Takt time: 28.33 21.25 21.25
Derivation: 0.72 233 3.38 413 354 1.29 4.05 0.28 0.75 1.76 5.25
Total Derivation: 6.43 13.01 8.04

For the real construction project, our calculatiaese based on the same trade groupings
and number of trade workers. Trade 1 - carpenteith, 4 workers for the activities
setting, stripping and concreting. Trade 2 - stear, with 3 workers for the activity
reinforcing. If the duration for setting and reinfmg are the same, the waiting time
between the two trades is reduced significantlycaBise of openings and the additional
time for out-boxes, activities setting and reinfogctake about the same amount of time
in Work Zone 1 - Layout 1 as well as in Layout Zve0possible way of balancing the
setting and reinforcement activities is changing dggregation of smaller wall objects
into suitable sizes of casting segments. This wedoeautomatically in our concept.

The layout with the minimal mean absolute derivamd therefore the best layout is
Layout 1 with 6.43 hours. Layout 3 is second witB48and Layout 2 is third with
13.01 hours. In addition to minimizing derivatidmestween cycle and takt time as well as
between different duration times of activities, egplly the limitation of the maximum
length of casting segments and the reuse of forhka further crucial criteria.

3 BIM-BASED CYCLE PLANNING CONCEPT

According to the analyzed and evaluated case stueydefined constraints to develop a
first approach of an algorithm to split objectscamétically. The main research question
is, is there a way to semi automatically createyaléCPlanning layout, which could be
more optimal in terms of continuous flow and cythee?
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Combining such objects into casting segments ank wones is an optimization
problem. Therefore, a metaheuristic optimizatiogoathm can help to create a more
optimal solution (Bianchi et al. 2009). Our firgtpgoach is to use simulated annealing in
combination with a discrete event simulation.

3.1 CONCEPT OVERVIEW AND DESCRIPTION
Based on the case study, we designed a BIM-baseleé €lanning concept (Figure 2).

oo
£
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'g Requirements (3D+Semantics)
b= Start
8 Boundary Determination Changing
Q g Conditions —— > Construction <«Yes—<_ Construction
g = (project-specific) Section Section?
o o
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c o |
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& '
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E
v Aggregation to
Work Zones

Figure 2: Design of our BIM-based Cycle PlanninghCapt

The basement in our concept is a Building InforovatModel. For the project-specific

boundary conditions, the next step is to determsugable construction sections

following by a rule-based splitting of objects, wiishould be semiautomatic. This
approach is illustrated in Figure 3 and is basedherbinary tree data structure (Garnier
and Taylor 2010).
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E = Wall ,Parent”
(0): E>x
(0): E1 = Wall ,,Child1" (0): E2 = Wall ,,Child2"
(1):E1>x=>E1=E (1): E2<x=>E2=E2
(1): E1 = Wall ,,Child1" | (1): E2 = Wall ,,Child2"
(2):E2<x=>E2=E2 |(2):E2<x=>E2=E2

Figure 3: Binary tree approach for a semiautonrate-based splitting of objects

An object in a BIM is unique, so splitting one etij into multiple objects creates at
least two new objects. The root object represeh¢s garent (E) and the two new
generated objects are the children (E1 and E2).v@nhable x defines, for example, the
user input for the maximum length of an object.the first cycle (0), the algorithm
checks whether E is longer than x. If this terrtrug, then the children E1 and E2 replace
E. The second cycle (1) repeats this step withrillEE2. E2 is shorter than x, so E2 stays
E2. E1 is longer than x, so E1 becomes a root bBjedhis is repeated until all objects
are shorter than x, which happens in the next d#)le

For the simulation and optimization, we separagepfocess into two steps. The first
step is the aggregation into casting segments andists of setting one side of the
formwork, putting in the required reinforcementdahen setting the formwork on the
opposite side. The second step is the aggregatittn work zones and consists of
concreting and stripping the formwork. For thetfissep, we implemented a prototype
with the software Plant Simulation by Siemens PLMft8are. During the
implementation, we had support from PPI-Informatilhich is a German company that
uses Plant Simulation to simulate and optimize nedtBow in the process industry.

3.2 AGGREGATION TO CASTING SEGMENTS

Our objective function to find an optimal solutifor the size of casting segments is a
combination of construction time and number of {®inThe method we use for the
optimization is simulated annealing (Kirkpatrick at 1983). With the use of the

topological relationships between objects, we kmdvich objects lay side by side and we
can aggregate adjoint objects into casting segments

We prepared a small simulation scenario with siX whjects. The wall objects had
different durations for the activities setting amihforcing. The objective was to find an
optimal solution for the size and amount of cassegments. One trade did the setting
and the other the reinforcement, so that theseities could be done in parallel. Figure 4
and Figure 5 show different results of two simwaatruns with different settings for the
objective function.
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Figure 4: Simulation with a higher objective of minimal construction time

The axis of ordinate shows the activities reinforcing (no. 2) and setting, which is
divided into nos. 1 and 3. The axis of abscissae shows the timeline. The bars inside the Gantt
chart represent the casting segments. The listed numbers inside show which wall objects
belong to the same casting segment.
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Figure 5: Simulation with a balanced objective between minimal construction time and
variability between the activities
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The result with a higher objective of minimum construction time aggregates wall object
2 with 3 and 4 with 5. The result with a balanced objective between minimum construction
time and less variability between activities aggregates wall object 1 with 2, 3 with 4 and 5
with 6. Because of dependencies and waiting times between the activities and trades, the
first simulation result is one hour faster than the second. However, the second result has less
variability and fewer intersections between the activities, which shows the different number
of ovals in Figure 4 and Figure 5. At such intersections, there is a combined effect of
dependence and variation. Managing such an intersection is essential to deliver projects in
the shortest amount of time (Gregory A. Howell 1999). Reducing the number of
intersections means less managing, so it increases the likelihood of delivering a project in a
shorter amount of time. Therefore, the second result could be faster than the first.

4 CONCLUSION AND OUTLOOK

This paper aims to analyze and evaluate different Cycle Planning layouts of a case study
to design a BIM-based Cycle Planning concept. A Building Information Model is the
basis for extracting required information easily and consistently. Even for the same wall
objects of a construction section, a Cycle Planning layout can look differently. There are
many possibilities and it is not easy to find an optimal solution. The results related to the
takt time show that work zones have more or less variable cycle times, so there is a need to
find better solutions. The represented concept can help to generate Cycle Planning
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layouts more automatically. Our implemented prototype is the first step in generating
suitable sizes of casting segments automatically and considering the variability between
activities. The simulation results show that a simulation with a balanced objective between
minimum construction time and variability between the activities could be more reliable
than a simulation with a focus only on minimum construction time.

REFERENCES

American Concrete Institute Committee 347 (2014). Guide to formwork for concrete: An ACI
standard, 347-14, ACI, American Concrete Institute, [ Detroit, Michigan].

Bianchi, L., Dorigo, M., Gambardella, L. M., and Gutjahr, W. J. (2009). "A survey on
metaheuristics for stochastic combinatorial optimization." Natural Computing,
10.1007/s11047-008-9098-4,239287.

Biruk, S., and Jaskowski, P. (2017). "Optimization of Vertical Formwork Layout Plans Using
Mixed Integer Linear Programming." IntJ Civ Eng, 10.1007/s40999-016-0090-6, 125133.

Borrmann, A., Konig, M., Koch, C., and Beetz, J. (2015). Building Information Modeling:
Technologische Grundlagen und industrielle Praxis, VDI-Buch, Springer Vieweg,
Wiesbaden, 10.1007/978-3-658-05606-3.

Fingerloos, F., Hegger, J., and Zilch, K. (2012). Eurocode 2 fiir Deutschland: DIN EN 1992-1-1
Bemessung und Konstruktion von Stahlbeton- und Spannbetonbauwerken - Teil 1-1:
Allgemeine Bemessungsregeln und Regeln fiir den Hochbau mit nationalem Anhang ;
kommentierte Fassung, Beuth; Ernst & Sohn, Berlin, Berlin.

Frandson, A., Berghede, K., and Tommelein, I. D. (2013). Takt time planning for construction of
exterior cladding, In Proc. 21st Annual Conference of the International Group for Lean
Construction.

Garnier, R., and Taylor, J. (2010). Discrete mathematics: Proofs, structures and applications,
CRC Press, Boca Raton, Fla.

Gregory A. Howell (1999). WHAT IS LEAN CONSTRUCTION-1999, In Proceedings IGLC. Vol. 7.

Hoffmann, F. H., Motzko, C., and Corsten, B. (2012). Aufwand und Kosten zeitgemafBer
Schalverfahren: Kalkulation, Arbeitsvorbereitung, Ausfiihrung, Nachfiihrung, Zeittechnik-
Verl., Neu-Isenburg.

Hofstadler, C. (2007). Bauablaufplanung und Logistik im Baubetrieb, Springer-Verlag Berlin
Heidelberg, Berlin, Heidelberg.

Institut fiir Zeitwirtschaft und Betriebsberatung Bau, ed. (2013). Schalarbeiten,
Rahmenschalung Winde, Stiitzenschalung: Richtzeiten ; [Handbuch B3.1/3.2], Zeittechnik-
Verl., Neu-Isenburg.

Kenley, R., and Seppénen, O. (2010). Location-based management for construction: Planning,
scheduling and control, p. 231, Spon Press, London.

Kirkpatrick, S., Gelatt, C. D., and Vecchi, M. P. (1983). "Optimization by simulated annealing."
science, 220(4598), 671680.

MacLeamy, P. (2004). "MacLeamy curve." Collaboration, Integrated Information, and the
Project Lifecycle in Building Design and Construction and Operation (WP-1202).

Singh, M. M., Sawhney, A., and Sharma, V. (2017). "Utilising Building Component Data from
BIM for Formwork Planning." AJCEB, 10.5130/AJCEB.v17i4.5546, 20.

Enabling Lean with IT 67



Aslesen, S, Kristensen, E. Schanche, H. and Heen,(P018). “Winning the bid — a step-wise appioac
using BIM to reduce uncertainty in construction difdy”. In: Proc. 28" Annual Conference of the
International. Group for Lean Construction (IGL@pnzalez, V.A. (ed.LChennai, India, pp. 68—-78. DOI

doi.org/10.24928/2018/0229. Available at: www.igket.

WINNING THE BID — A STEP-WISE
APPROACH USING BIM TO REDUCE
UNCERTAINTY IN CONSTRUCTION

BIDDING

Aslesen, S, Kristensen, E?, Schanche, H and Heen, P. I

ABSTRACT

This paper explains how to win a construction bidtree right costs. It suggests a
structured, step-wise approach where at each stigpathalyses are carried out based on
earlier bids, which are combined with assessmermts fan active risk management
system, to come up with reliable estimates. To nsake all significant cost elements in
the project are understood, linked together andnecomicated effectively, a building
information model (BIM) is applied and worked oneey step of the way from a
preliminary, rough estimation to a final, complbtd.

The paper derives from an ongoing development grdj@ improve the bidding
process in a Norwegian construction company. &nds to solve the following problem:
How can we reduce the uncertainty in the bids Vierof

The paper introduces a new way to organize theifmgddrocess, including certain
principles, to reduce uncertainty already in thejgmt development, and attempts to
increase our knowledge of the construction biddimgcess. The literature review is
focused on theories of relevance to address thertamcties inherent in construction
bidding. The paper concludes that a project bidlalwlays be burdened with uncertainty.
Whereas traditional bidding theory gives supporthte behaviour of economic agents
who do the pricing to maximise profit, we find glevant to introduce the concept of
bounded rationality to explain why constructiondiidy is not a straightforward matter
and how uncertainty management is fundamentalrieeagp with the right costs.
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Winning the Bid — A Step-Wise Approach using BIlRéduce Uncertainty in Construction Bidding

INTRODUCTION

The construction industry business is about totivnbid, and to execute the project. But
how do we know which are the right projects? Durthg bidding process, when the
project is still in its developing, there is an reknt of uncertainty which can be
particularly high. Uncertainty, however, comes wdh upside, too, and not only a
downside. Almost no matter the level of detailingaa early stage, there are normally
several ways to solve a project. In constructioddinig, uncertainty is about taking
advantage of these opportunities as well as inotudsks in the calculation.

This paper reports from an ongoing developmentegtdn a construction company,
to improve their bidding process. The business umipart of a major Norwegian
construction company. It has a yearly turnover rouad 3,3 billion NOK (415 million
USD), and where just below 2 per cent or 50 mill@K (6,6 million USD) a year is
invested in bidding work. Each year about 30 bide prepared by the unit. The
percentage of projects gained or won vary signifilyaamongst different markets,
although with a total average of between 40 angy&Ocent of the bids being realized
each year. Our concern is partly related to theesbéprojects won, which we think is
too low considered the efforts made to win eachjgotp and partly related to the
substantial variation between markets in acquirefepts. We suspect that the variability
in projects won is particularly owed to a lack tdrglardized procedures in the bidding
process.

Bidding, although requiring a highly qualified effpis fundamentally about making
assumptions. In the construction industry, thessuraptions are typically based on
multiple criteria and various trade-offs, whichturn are transformed into cost estimates.
Uncertainty management can be performed to foréshe project can be influenced by
incidents which may have a positive or negativeouie on the results. Even though the
project is not yet initiated, one may work to op#imit according to its potential risks and
opportunities. In the paper, we describe a steg-@jgproach to develop a project bid at
the right costs. By applying this approach, we ekpe speed up our bidding process at
the same time as the bids we offer have a higherreate than today as well as a lower
level of uncertainty.

THEORY

Competitive bidding has been studied for more th@ryears. One of the early, notable
contributions to the field is by Friedman (1956) oompetitive bidding strategy. It
involves maximising the expected profit from a $enéender where each competitor
submits a closed bid by selecting a mark-up on t@dtmaximises expected value of the
profit — which is the product of the mark-up ané throbability of winning the contract
(Runeson and Skitmore 1999). The problem, accorttifgriedman, lies in determining
the probability of winning as a function of the kaup (op.cit). Friedman’s competitive
bidding strategy has later been reinterpreted b€ 967) from a single bid strategy
into a general, profit maximising pricing model. Aasential characteristic of the model
presented by Gates (1967) is a mark-up that istaofover time and in practice, from
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tender to tender (Runeson and Skitmore 1999).dluees the possibilities of systematic
changes in the mark-up to calculate the probadslinf success at different mark-ups
(op.cit.).

Construction bidding is the procedure of submit@ngroposal by contractors to carry
out a described construction project (Zhu 200830Astruction bidding process normally
consists of several contractors competing to perfar job by submitting a sealed
proposal until a certain date previously definedtly client (Ribeiro et al. 2013). The
usual format of this process is based on the hade- all other things being equal — the
contract will be awarded to the competitor whiclrsits the lowest bid (Cheung et al.
2008). Note that, although increasingly more cangraare being awarded according to
factors other than price, awarding contracts toltheest bidder is still far from having
been phased out (Seydel and Oslon 2000). Findmgigint price is moreover not a very
straightforward matter. The construction industrgcds strong levels of price
competitiveness (Chao and Liu 2007). The competipiressures may lead contractors to
lower their profit margins to produce a more cormtjwet bid (op.cit). A contractor might
also cut the margins for other reasons, such a#tiggueg in a specific market,
maintaining long-term client relationships, devahgp strategically important
competence in-house and so on. Whatever reasotiges not rule out the strategic
importance of establishing some sort of link betwabe mark-up level and the
probability of winning the bid.

How, then, to determine whether the price is riglt?an article by Runeson and
Skitmore (1999) the competitive bidding theory rgicized for being inappropriate to
describe the construction bidding situation. Tlisdlone on two grounds; first, that to
maximize the expected value of every single bid nvayk well for a game of poker or
when betting on horses, but the problem in constmdendering is to maximize the
return to a given productive capacity. There isadtralways a choice of contracts to bid
for, and winning a contract means that part offitme’s resources is locked up so that the
firm is unable to compete for potentially more jadfle contracts. Second, that the
theory is based on a failing logic the way it asesrany observed differences in tenders
must be unsystematic and due to inaccuracies icdbkeestimates. How can it be, then,
that ever so often all estimators get it wrong bpuw the same magnitude and in the
same direction and at the same time? This rhetoguastion leads the authors to
conclude that bidding implies a behaviour thatas removed from the assumption of
rationality that is central to most aspects of @toit reasoning.

Where does this leave us in terms of finding thyhtriprice? It seems that a profit-
maximising bidding strategy as a prescribed pracig ill-founded, which may also
explain why there is little evidence of its adoptim practice (Runeson and Skitmore
1999). However, if not driven by utility maximisati, then what? Several studies suggest
that decisions regarding the definition of the mapklevel are mainly supported using
subjective judgment, gut feeling and heuristicsr{btao and Yap 2011). Although this is
apparently what happens in many circumstances, elevie that the notion of bounded
rationality as coined by Nobel Prize winner Herlirhon inModels of Man(1957) is
more usable to understand agents’ actions. AccgrthnSimon, people are boundedly
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rational the way they experience limits in formirgtand solving complex problems and

processing information (op.cit). This does not i3seeily mean that people behave
irrationally, for instance in their struggle to cerap with the right price. In an article by

Beckert (1996) on the uncertainty embedded in emon@ctions it is suggested that

people are intentionally rational, but that thesexice of uncertainty prevents people
from knowing what is best for them to do. Uncertyiis here understood as the character
of situations in which agents cannot anticipate daécome of a decision and cannot

assign probabilities to the outcome (op.cit).

If we apply this concept of uncertainty to the bidp process, it is reasonable to
question the very existence of such a thing asmal price or bid. Partly, because
information is often limited, not wholly accuratacamissing, and partly because of our
insufficient mental capability to make sense andcess the information. Rather than
searching for the optimal price, finding ways tauee the uncertainty in the bids we
offer may seem like a more appropriate approadirtacture the bidding process. At the
firm level, the main bidding procedure for a coanstion company can be separated into
two stages: 1) the bid/no bid decision and 2) trerkrup decision (Zhu 2008). The
incorporation of uncertainty into these major dexcis will necessarily imply a process
for generating alternatives, and procedures foimesing them — at the same time
accepting the limits of human cognitive capacity thscovering alternatives (Simon
1987). Besides, past bidding information can waskaeguideline for future bids. While
the accuracy of cost estimates can, by definitoly be assessed in relation to actual
costs, it may show useful to apply the real emairidata a contractor compiles
concerning earlier bidding competitions where ac#memark-up level is included in the
bid proposals. If not to predict the future, them@y to organize past bidding
information in a way that is meaningful to currérd decisions (Crowley 2000).

From the Lean Construction domain, Target Valueige¢TVD) as a method for
setting project targets and steering design andtaaction toward them can be relevant.
TVD is particularly designed for the project deliyeprocess and involves engaging
deeply with the client to establish the target gafliommelein and Ballard 2016). While
the bidding process takes place before the priagectalized it may often include close
collaboration with the client, which is typicallyyé case in private work construction.
Besides, even though the client is not involvedhie bidding process per se, there are
normally several guidelines expressed suggestivglthe client in his or her inquiry. A
central part of the bidding process, as such, ik use the client's needs to spur
innovation in both product and process design —reduce costs. To support this
innovation process, using Choosing-By-AdvantageBA)Cand virtual first-run studies
(VFRS) can be highly adequate. CBA is a methodstarnd decision making which is
often used when multiple variables need to be caned to make an informed decision,
and where an advantage is a difference betweeatttieutes of two or more alternatives
(Suhr 1999). First-run studies is another princigteached to the Lean Construction
concept, including trial execution of an operatasa test of capability to meet safety,
quality, time and cost targets (Tommelein and Bdl2016). Traditionally, these studies
are done ahead of the scheduled first start ofpmmation. In the bidding process, they
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may instead take form of virtual prototyping usiBgM, to visualize and estimate
alternatives, clarify uncertainties, and make denis

A STEP-WISE APPROACH TO WIN THE BID

The step-wise approach to construction biddingegreesl in figure 1 below is explained
in further details in the subsequent sections.
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Figure 1 A step-wise approach to construction Imddi

TWO STEPS TO BID —ONE STEP TO LEARN

We suggest the bidding process to be divided iaettateps. The division into steps is
done to define its main activities, as well asdpid the process up by pulling it towards a
decision point at the end of each step. By thishage to make for a more concentrated
effort in the bidding work.

The first step we call “prioritizing”, where projiscare to be chosen based on the
unit’'s business strategy. It goes back to the pihiat there is almost always a choice of
contracts to bid for, and that working to win a tant means that part of our resources is
locked up so that we are unable to or less capatbtmpeting for potentially more
profitable contracts. Main decision criteria tofgather to bidding can be; 1) a reasonable
chance to win, 2) good prospects for making a degegiit, 3) strengthen positioning in
a market of significant importance, and that wel&@jelop in-house competencies. In the
work to identify major opportunities and risks, weant to use the active risk
management system to apply information from eathiels. The system describes and
quantifies the cost consequences of various unoBes The quantification is done by
triple estimating the probable outcome of uncetias where we operate with worst case,
most likely case and best-case scenarios. Themsyai® contains “thick” information
about the actions taken to optimize the upsides raddice the downsides of every
uncertainty identified on the project level. Théommation will be supplemented by an
overview of tenders and inquiries in different negg to evaluate possible gains and
losses by choosing to go further to develop a bid.
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The second step we have called “estimating”. Ibide released from a decision to
prioritize the project. The estimating can be deitker directly as a detailed calculation
of the various posts included in the project, andy start as a rough estimation to come
up with a preliminary guesstimate for a client tcide whether to go further with the
project or not. The rough estimation will be dey&ld from a list of geometric factors
based on earlier bids, which are to be merged eatt components from our calculation
program. It should be visualized in a BIM model, erd the model can be used to
communicate, analyse and evaluate different salatizith the client. The detailed
calculation is a more comprehensive business.cludes estimating costs for the in-
house production and for the rigging and manageroktite construction site, besides
adding incoming bids from subcontractors and sepplio the calculus. As part of the
estimating, we consider opportunities and risks e- they technical, commercial,
contractual or progress related — to be measurddaeations to be formulated to reduce
the uncertainties. In the end, the bid will be siitad after a final review where the price,
together with the project content and design, ¢kéal.

The third and last step we have called “learningfijch is to take place after the bid
is submitted. It will be based on the ambition émtinually learn and improve from what
we do. To learn from the process, we will follow alpsely with the client to clarify
confusions and issues that need further explanatomnthermore, we will invite the
bidding team to do an evaluation of the biddingcpss. The evaluation will be
supplemented by information from the competitiargrsas regarding assignment criteria
and the ranking of bidders, feedback from the tlam so on, which are to be utilized as
part of considering which projects to prioritizexhe

ROUGH ESTIMATION USING TARGET VALUE DESIGN

The unique nature of a construction project posedlenges to accurate estimation. At
the same time, there is a relatively high degreepéatability in some of the products we
deliver. Particularly so, in resident housing potge For a real estate developer who
invests in a piece of land, the decision to dosskely spurred by fiscal motives. Before
buying the land, certain enquiries are usually ededbout the product to be localized
there. Some of these enquiries will typically irddua contractor’s opinion. In the
following, we describe the process of developingpagh estimation as a response to
these enquiries, where using target value desigiD{T— including choosing-by-
advantages (CBA) and virtual first-run studies (MR- can provide this process with
the kind of structure it lacks according to todgyfactice.

Target value design in the early stage of devebppirtonstruction project is unusual
since it will be performed before a budget is Bmetheless, in our experience the client
may still have a relatively clear idea of what heshe is willing and able to spend to
achieve the project (allowable cost). At the saimme t spending no more than necessary
can help to spur innovation in a way that contibtd reduce the actual costs in the
project. When a client meets with a contractor orearly basis, he or she normally has a
scope and some constraints on money, time andvagewhich set limits to what can be
achieved through the project. As part of the roagtimation process, we wish to inquire
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a specification by the client to narrow down thiemdatives. Using TVD, cost is applied
as input instead of an output in the early destgges Indeed, sometimes a client may
already have met with an architect and even brinthé table some early sketches of
what he or she wants, while in other instanceslieat does only have a rough idea. No
matter the level of detailing, we think it might beeful to introduce CBA at this point to
support the client in making sound decisions, hyiting the set of alternatives to select
from.

When we have gained a relatively clear idea offélwors, criteria and attributes of
the alternatives that the client has, we want tdope first-run studies to help the client
decide which of the alternatives is the most vdriab him or her by evaluating their
geometric, quality and not least cost related cgueeces in virtual mock ups. The client
will in this way be able to walk through the virtuaodels to decide the best option to fit
his or her requirements, he or she may chooseaongehthe scope to get more value from
the project, to reduce the scope or even Kkill thigepgt. An essential benefit from our
perspective is that we will spend more time to lbeedamiliar with the project, which in
turn may lower the risks and their related costlioagpions.

APPLYING BIM TO REDUCE UNCERTAINTY IN THE BIDDING W ORK

Adopting BIM to the bidding process we suspect megatly improve the understanding

of the project at an early stage as well as caminly to the effectiveness of the process
itself. A building information model characterizése geometry, spatial relationships,

geographic information, quantities and propertiedulding elements, cost estimates,
material inventories, and project schedule (Azhat1). As part of the bidding work, a

BIM model can be used for cost estimation and qtyaratke-offs. The model can also be

applied to visualize the timeline for the constrmctwork as well as to detect potential

conflicts, interferences and collisions. A BIM mobdeay thus allow us to collaborate

more accurately and efficiently in the bidding prss, which in turn can work to reduce
the uncertainty of the bid.

When every project (and bid) has a BIM model withawn calculation attached, we
risk possessing many sets of data with differingt @formation on the same or similar
objects. Data clustering, or the division of a@ebbjects into groups of similar objects,
will therefore be important to standardize the infation. The task of data clustering is
to divide a set of data into sub sets containinglar data (Veenhuis and Képpen 2006).
When this is properly done, we hope to be ableadehthe behaviour of specific objects
in various virtual environments without modellingqcd single object explicitly. For
instance, when developing a rough estimation abiatghouse where the client wants to
maximize noise considerations. Then, we want taltle to include in the calculation
factors like the amount of saleable square metgest facing balconies and so on.
Applying CBA at this point will help us decide thdvantages and importance of each of
the alternatives, evaluate the cost data and igehe® most workable alternative.

Data clustering, or data swarm clustering, is irepifrom nature resembling the
aggregation of animals, i.e. flock of birds, schsoof fish and so on, where to maintain
the structure of the swarm each swarm-mate behas@wding to certain rules such as
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keep close to your neighbours or avoid collisioesgnhuis and Képpen 2006). Applying
BIM to the bidding work, the implementation of diste rules is likewise important to be
able to properly evaluate the cost and design cuesees of different choices in virtual
mock-ups using First-Run Studies. For instance,nthe client plans a housing project
with a garage for all the residents, where he erwgants to consider the cost and design
consequences of placing it below or above groum@&nTthere needs to be certain rules
established, in example as to where to place tk&s ad the ground floor so that prices
are comparable before the benchmarking is doneuldés are not established, we risk
(still) to be highly dependent of the tacit knowgedof the single calculator about how to
calculate these costs.

DISCUSSION: WINNING EVERY TIME — A VIABLE
STRATEGY?

The nature of competitive bidding is like a gameerghyou win from time to time, and
loose every so often. However, each bidding prostss$s with the ambition to succeed.
Thus far, winning every time may say to be a viattategy in construction bidding. At
the same time, a general contractor is often balibgefactors which are likely to affect
his or her behaviour in ways that influence the@r and thereby also the propensity to
win so that winning every time is only viable tocartain point. In the following, we
suggest grouping these factors in three major oategythe winner’'s cursgthe capacity
challengesand the competitive edgewhere we discuss how to handle their related
uncertainties by using our step-wise approach tstroction bidding.

The winner’s curse

The winner’s curse involves the tendency for thener in a low-bid-wins auction to be

the one who underestimates his or her costs thé (8egdel and Olson 2001). Indeed,
while underestimation can be the result of a cated risk for reasons we will get back
to in the next sections, we will here discuss isasiething unwanted. The problem may
start already in the prioritizing. Unless you hasarefully considered your winning

strategy, the risk of overexertion can be ubiqugtothe victory may thus be with an ugly
taste. Bidding too low, and winning, is a quite eoam phenomenon in competitive
bidding. By introducing the step-wise approach,olming analyses of uncertainties,
decision points and learnings from earlier projeatsl bids, we hope to reduce the
possibility of ending up by the winner’'s curse. Bgtcause of the clients’ inclination to
choose the lowest bid, this may also prevent usnfreinning the bid — while

simultaneously it increases the possibility for some else to end up by the winner’'s
curse. A more fundamental way to avoid ending uphgywinner’s curse could be to
decide a fixed mark-up, and never go below a cenpaofit margin when projects are
being calculated. No matter what, it does not pmevke risk of underestimation as a
malfunction, in example when costly factors are amdlued in the calculation. For a
general contractor to distinguish between simple aomplex elements can be a
recurring challenge, with the subsequent pricingiaiple things as too expensive and
complex things as too low-priced. By applying BIMthe estimation of costs we expect
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to promote a more complete understanding of th¢gegiran the bidding team, so that
errors and the subsequent mispricing will be atéohproblem.

The capacity challenges

A general contractor calculates projects to ges.jdine jobs vary in size. What is more,
they tend to come in an unregular fashion. Thithésbasis for the capacity challenges.
Whether due to under- or overcapacity, the probiesy have differing consequences on
the price. When a general contractor is in needvark, he or she may lower the profit
margins to produce a more competitive bid. This sstuation where one might end up by
the winner’s curse, but where there is a calculasddbehind the bidding behaviour. The
contractor’s reasoning for lowering the mark-uparagrom the obvious need for work,
can also include less risk taking due to more indeoproduction as opposed to extensive
use of hired labour. Under-capacity, on the otlerdy) can work to raise the mark-up in
the bid. Not necessarily because of the apparardnaageous situation of having a full
order book, since in the construction industry ikisormally a very temporary state of
being. Rather, it is the decision to bid still, fostance to maintain a strong position in a
market, where due to the lack of productive cagaoithouse one is forced to base the
bid on a massive hiring of personnel. A step-wiggraach to develop a bid does not rule
out these capacity challenges. However, a thorawgtuation of the capacity situation
should be included in the prioritizing and estimgtiof jobs, to make the right choice
whether to go further to bidding and to decideright level of the mark-up based on the
risks involved.

The competitive edge

If the focus was solely on winning, then a ratiosihtegy for a general contractor — at
least on a short-term basis — would be to concentihthe efforts in one or a very few
markets where he or she holds a strong positioausechere the propensity to win every
bid would be high. Being a general contractor, haveinvolves keeping the ability to
meet the demands of various markets. This is becausa longer-term perspective
markets fluctuate, and they may do so in an unsgmired manner. The competitive
edge for a general contractor lies thus in a coattmn of capabilities. The situation can
be compared with the ambition to become a decamnidelayer. The game of tennis is a
very complicated business, much because it reqarest of skills to win. You may
cultivate certain skills such as your serves andeed, come a long way, but to become a
complete tennis player you must be able to handhleemous circumstances since you
never know exactly where the next ball will comer & general contractor, competencies
are worked up through projects — much like a temiéser’s skills are developed by
playing the game. In terms of prioritizing bidseomay want to lower a bid and accept a
reduced profit on a short-term project basis (wittheurse), if the longer-run strategy is
market penetration or to strengthen the positiospiecific markets. Especially so, when a
lower profit in some segments can be compensatedHigher income in other segments.
Extremely important here (as in every instance) ld/dae to communicate to those who
will execute the project, the conditions behind phgject calculation.
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CONCLUSION

In this paper we have explained how to win a bithatright costs. We propose a step-
wise approach supported by BIM, to reduce uncesgtamconstruction bidding. Since we
are in the middle of testing and developing furth@me of the ideas, we are not yet able
to conclude about the workability of the approaPlarticularly so, when it comes to
target value design and its belonging processederklto structured decision-making
(CBA) and virtual mock-ups (VFRS). Their implemerda will represent a significant
effort in the case company to standardize the bglgrocess. In the paper we have also
discussed how construction bidding is not a sttéegivard matter. The inclination to
maximize the outcome, as emphasized in competiiideing theory, is here contradicted
by an alternative view where considerations suchtres need for work, market
penetration, and in-house competencies lead usrtdude that the general contractor is
boundedly rational in his or her bidding behaviour.

REFERENCES

Azhar, S. (2011). Building Information Modelling if8): Trends, Benefits, Risks,
and Challenges for the AEC Industhyeadership and Management in Engineeyidgly
2011, 241-252.

Beckert, J. (1996). What is sociological about eroie sociology? Uncertainty and
the embeddedness of economic actibimeory and SociefyDecember 1996, 25(6), 803-
840.

Chao, L-C., and Liu, C-N. (2007). Risk-minimizingpaoach to bid-cutting limit
determinationConstruction Management and Econom’s(8), 835-843.

Cheung, S. O., Wong, P. S., Fung, A., and CoffeyM\M2008). Examining the use
of bid information in predicting the contractor'rpormance.Journal of Financial
Mangement of Property and Constructidi3(2), p. 111-122.

Crowley, L. G. (2000). Friedman and Gates — Anotltwok. Journal of Construction
Engineering and Managemeni26(4).

Friedman, L. (1956). A Competitive-Bidding Strate@peration Researchi(1).

Gates, M. (1967). Bidding Strategies and Stratedmsrnal of Construction Divisign
1967, 93(1), 75-110.

Hartono, B. and Yap, C. M. (2011). Understandingkyr bidding: a prospect-
contingent perspectiv€onstruction Management and Economig(6), 579-593.

Ribeiro, J. A., Pereira, P. J., and Brandao, E1820Reaching an Optimal Mark-Up
Bid through the Valuation of the Option to Sign t@entract by the Selected Bidder.
SSRNMay 2013.

Runeson, G., and Skitmore, M. (1999). Tenderinghaevisited. Construction
Management and Economjds/(3), 285-296.

Seydel, J., and Olson, D. L. (2001). MulticriteBapport for Construction Bidding.
Mathematical and Computer Modelling4, 677-702.

Simon, H. A. (1957)Models of man; social and rationaDxford, England, Wiley.

Tommelein, 1., and Ballard, H. G. (2016)ean Construction GlossaryP2SL,
Berkeley.

Enabling Lean with IT 77



Aslesen, S., Kristensen, E., Schanche, H. and Hreén,

Tommelein, |., and Ballard, H. G. (2016). TargetuéaDesign. Manual of Practice.
Lean Design Forun28-29.January 2016.

Veenhuis, C., and Kdppen, M. (2006). Data Swarnstehing. Abraham A., Grosan
C., Ramos V. (eds.Swarm Intelligence in Data Mining. Studies in Conapional
Intelligence,34. Springer, Berlin, Heidelberg.

Zhu, C. (2008). Rationality in bidding theory: anstruction industry perspective. In
Casensky, M. et al (edsProceedings BuHu "8 International Postgraduate Research
Conference2(1), 257-264.

78 Proceedings IGLC-26, July 2018 | Chennai, andi



Ngklebye, A., Svalestuen, F., Fosse, R., Leedrg2@18). “Enabling Lean Design with Management of
Model Maturity.” In: Proc. 26" Annual Conference of the International. Group faan Construction

(IGLC), Gonzalez, V.A. (ed.Chennai, India, pp. 79-89. DOtloi.org/10.24928/2018404. Available at:
www.iglc.net.

ENABLING LEAN DESIGN WITH
MANAGEMENT OF MODEL MATURITY

Andreas Ngklebyé, Fredrik Svalestuerf, Roar Fossé and Ola Leedré

ABSTRACT

Traditional construction management has strugglgd an ad hoc approach to design,
increasing the number of negative iterations ardifsang potential value. Building
Information Modelling (BIM) has been driving infoation management in design, but
its use has yet to be described in a way which sékeompatible with planning tools
such as Last Planner™. Level of Development (LO®@)I@ allow for this by attributing
maturity to the BIM-model, yet previous studieslddD implementation have shown
potential for improvement. This paper researchasenti approaches, experiences and
requirements for using maturity-based managemeesmgn.

A study of two large projects with maturity-basedmagement using interviews and
an analysis of measurements was conducted in adddia literature scoping study.

The paper formulates five aspects of BIM-based Wons which needs to be
addressed in order to manage their developmemtddition, the study reveals how use of
maturity-based management can provide a foundafmn managing BIM-based
workflows according to lean principles.

Finally, the paper concludes with practical recomdations for enabling lean design
with management of model maturity, such as howpicgy maturity levels or how to
disaggregate the model into disciplinary sections.

KEYWORDS
Lean design, BIM, LOD, Set-Based Design (SBD), [Rlsnner

INTRODUCTION

Whereas production has a clear set of sequendafhgndant, pre-defined tasks, design is
better described as a set of interdependent, ma@piterations (Knotten et al. 2014).
Because of this, the design workflow is much hatdemanage, often resulting in an ad
hoc approach (Carlos T. Formoso and Liedtke 19%9®itte€n et al. 2017).
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With the evolution of information technologies ovie last decades, several new
tools have become available to designers, mosbhyoRuilding Information Modelling
(BIM). Although they have provided an effective wiay integrating product information
into the design process, especially when used hegewith Integrated Concurrent
Engineering (ICE), these new tools are still bemgnaged with a traditional mindset
(Leite et al. 2011).

By planning and executing work according to leam@ples, the Last Planner™
system has yielded significant returns when appiethe production phase of AEC-
projects. As such, similar improvements in the giesphase could be attained by
applying Last Planner™ to BIM-based workflows. Hevwe BIM-based development
lacks an orderly process, effectively making itampatible with such planning tools.

The concept of Level of Development (LOD) was idtroed as a means to formalize
the development of a BIM-model (BIMForum 2017), armlld be used as a way of
attributing a work process to the BIM, making itngeatible with Last Planner™. LOD
has been approached in several ways (Abou-lbrahdrHamzeh 2016; Leite et al. 2011,
McPhee 2013), yet lack of consistent understandmdy utilization of LOD are common
in projects (Hooper 2015), and no documentatiomndigg LOD as an enabler for Last
Planner™ in BIM-based workflows could be found bg #uthors during the process of
writing this paper. The research questions forstihdy were as follows:

1) What are current approaches to maturity-based nesneigt?
2) What are the experiences from maturity-based manage’
3) What are the requirements for successful matuaged management?

Five key aspects of BIM-based workflows were foratetl from lean theory. These
aspects were later examined in two large pilotguotsj using maturity-based management
in order to present practical requirements for enpéntation and use.

METHOD

A literature scoping study was conducted to matayg literature on the topic. More
than 130 of the most relevant scientific works waseessed from sources such as IGLC,
Scopus and Compendex. In addition, general intes/ievere conducted with four
professionals proficient in BIM and LOD in order dchieve a greater understanding of
the field.

Two pilot projects using maturity-based managencenducted by two of the largest
Norwegian design build contractors (Skanska Nonaay Veidekke Entreprengr AS)
were studied using interviews with case practittemanging from managers to designers,
in addition to a document study. All intervieweeadhprior experiences using Last
Planner™ and ICE. All interviews were recorded #maghscribed. Said transcripts were
later verified by interview participants as repraséive of their views. Cases include
Tiedemannsbyen, an apartment complex of five, ®irey buildings (Skanska, approx.
$54M, ~14 designers), and E6: Arnkvern-Moelv, a 24&ng Class A road project, part
of the international E-road network (Veidekke, appi$260M, 30+ designers).
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BACKGROUND

LEAN IMPLEMENTATION OFTOOLS

Lean systems utilize standardization and continuoysovement in order to improve
their practices (Moore 2007). By doing so, systares enabled to dynamically adjust
towards their lowest point of entropy, avoiding diess creation of waste in
implementation efforts.

LAST PLANNER™ AND BIM IN DESIGN

There exist several definitions of BIM, depending whether one is addressing it as a
model, a tool or a platform (Fosse et al. 2017}).tRe purposes of this paper, BIM is best
described as a computerized foundation for an iated collaborative design process
(Jacob and Varghese 2012). This computer modelistenef a sum of geometrical
objects, each associated with certain disciplibeszelopment of the model is expressed
through a series of iterations of said objects thed relationship relative to each other
(Knotten et al. 2014), which eventually resultsairdigital representation of the final
building.

The Last Planner™ system enables lean managemepbying pull-based planning
of tasks, thus reducing waste (Ballard 2000a). Ssiméies have proven the potential for
applying Last Planner™ in building design (Fosse Ballard 2016; Hamzeh et al. 2009),
although only in limited applications. The challeng doing so has been attributed to the
differences in workflow between design and producti{Grytting et al. 2017). To
implement Last Planner™, one must thus be ablesortbe the iterative nature of design,
assign responsibilities and relate these procésseslear project development structure.

One of the primary differentiators of design anddurction is the fact that iterations
in design can be both positive and negative (B&l200b). As such, managing building
design according to lean principles becomes a mafteeducing negative iterations
while keeping the positive ones. The Toyota desigproach (Set-Based Design) starts
with mapping available design space and functiogeguirements for an object, then
using input from different disciplines to narrowvdo the number of available concepts,
converging towards a final design (Sobek et al.9)98y determining the boundaries
within which work will be conducted, workflow iteians are more likely to be positive,
and thus value-creating for the project. Anothandfi¢ of this approach is the ability to
systematically share incomplete information, adeatital to the design process (Busby
2001).

LOD

Level of Development (LOD) is a measure of theafglity of the information associated
with a specific object within the BIM, expressedaaseries of levels (BIMForum 2017).

The application of LOD in construction design beesnapparent when viewing it in
relation to Set-Based Design. The different levefs LOD expresses the gradual
development of the BIM, specifiyng points of intereelated to the increasing reliability
of designs. This effectively describes the develepinof the model as a set of milestones
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relating to its attributes, which is a neccesity @®ing Last Planner™, seeing as the
progressively developing work packages in design leard to associate to its binary
attitude towards task completion. In doing so, p&s are enabled to pull certain
generations of designs only when needed, thus megltize risk of rework.

e e

LOD100 LOD200 LOD300 LOD350 LOD400

Figure 1: Visual illustration of LOD-levels for alemn (BIMForum 2017)

Table 1: Example of generic LOD-levels (BIMForuniZ)

Levels Description

LOD100  Graphical representation in the model as a symbalgeneric object.

LOD200  Graphical representation in the model as a geraject with approximate quantities,
size, shape, location and orientation.

LOD300  Graphical representation in the model as a speolfiect with quantities, size, shape,
location and orientation.

LOoD350 Graphical representation in the model as a speolfiect with quantities, size, shape,
location, orientation and interfaces with otherdinig systems.

LoD4oo  Graphical representation in the model as a speolfiect with quantities, size, shape,
location and orientation with detailing, fabricatjo assembly, and installation

LoD500  information.
A field verified representation in regards to inf@tion and geometry.

Although possible to do on a per-object-level,sitoften more practical to manage
LOD-levels on a section basis when dealing witlydarprojects, combining multiple
objects within the same room, floor, or similard&fine larger sections of the BIM. The
relative size of these sections ultimately deteasithe degree of specificity LOD will be
managed in the project. In keeping with theory, specificity should be managed in a
way such that designers and other stakeholderseaabled to understand design
development as two distinct processes. Firstly, phecess of developing a specific
section from idea towards production ready desigmgd secondly, the process of
interactions and inter-dependencies between sectisnthey develop, influencing the
design space and functional requirements of eablkrats they do so. In addition,
effective concurrent communication can only be l@disthed once the model state is
accurately communicated to designers. Surmisingetlaspects, theory dictates maturity-
based design-approaches as presented in Table 2.
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Table 2: Theoretical approaches to aspects of Basktd workflows

Aspect

Approaches from theory

Specification of
maturity levels

Degree of model
disaggregation

Communication of
model maturity

Planning and
control of workflow

Responsibility for
assigning maturity

Requirements for an object achieving a certain nitgtghould be related to

make-ready of future tasks. Being unrelated to tbkime of detail, levels

should specify the necessary information for maatelgression towards value
creation.

The disaggregation of the BIM into sections shdudddone in such a way that
the amount of information within one section remsadomprehensible for all
designers, and so that all project participants earabled to understand the
overall development of sections.

The method of communicating the maturity levelshaf different parts of the
model should enable designers to know the fithésteinformation they are
working with, without being needlessly complicatednanage.

Planning tools fowisualizing and optimizing flow of work during desi, such
as Last Planner, should be used. LOD deliveriesildhbe incorporated into

plans.

In keeping with principles from Last Planner, hayithe designers declare the
maturity of their own work increases their ownepshto tasks and
responsibilities.

CURRENT APPROACHES
TIEDEMANNSBYEN

Ukenr. 10 (11

Milepaeler

Skanska

Arkitekt
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Figure 2: Model sections (left) and MMI-milestoned_ast Planner (right)

Implementation of model maturity was done accordioeg Skanska Norway’s
guidelines for using MMI (Model Maturity Index, wdh in practice uses the same
maturity levels as LOD with simplified descriptioasd the inclusion of a “MMI250"-
level”). The model was separated into ten sections, for every basement and building
in the complex (Figure 2). Maturity was assignedatb geometry managed by each
discipline within each section. The design team e@wdinated in ICE-sessions utilizing
Last Planner™ for planning and control. Milestofesdifferent sections achieving MMI
was represented by post-it notes in Last Planniguf& 2). Management opted not to
develop a specific tool for communicating the depetent of model maturity, relying on
designers being up to date regarding model matdirign the weekly ICE-sessions.
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Maturity deliveries for the 300-, and 350-level werontrolled by BIM-coordinators.
Maturity levels were tied to specific tasks thasigaers were required to accomplish. In
addition, weekly charting of the number of collissodetected in the model was used as
an indicator of progress, both externally and far design team.

E6: ARNKVERN-MOELV

Figure 3: Example of section (left) and Visualipatiof MMI-levels,
sections on x-axis, disciplines on y-axis (right)

Arnkvern-Moelv was conducted with a similar apptodo Tiedemannsbyen, using
similar maturity levels for large sections (Fig@ein addition to ICE-meetings and Last
Planner™. Differences include use of a 3D-chartvisualizing development of model
maturity (Figure 3) and the absence of collisiontodl metrics to indicate progress. The
exclusion of these metrics was not made becausastimpossible to do, but rather the
fact that it would not benefit the design proceRsis is a result of the project being a
road, which generally is less constricted by smeatimetrical tolerances and intersections
than building projects. MMI-levels were based omdiional requirements for design
deliveries, and often tied to specific tasks. Levefjuirements were adjusted per
discipline in order to more accurately reflect wndual functional requirements of
different deliveries.

EXPERIENCES FROM CURRENT APPROACHES

RESULTS COMPARED TO TRADITIONAL APPROACHES

Practitioners from both cases cited the followinffedences in design work compared to
traditional practice:

* Increased understanding of the current state of theBIM model: Designers
reported having an easier time understanding thenexo which they could rely
on the information they were working with.

e Increased understanding of needs and responsibilds: Designers reported
having a better understanding of what they wereasgd to deliver, as well as
providing clear guidance to other designers regardvhat information they
needed.
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* Increased sharing of incomplete information:As opposed to traditional means
of withholding incomplete designs from other didicies, designers were now
enabled to systematically share qualified incongpietormation.

* Increased ability for project participants to express project developmentin
contrast to traditional practice (having designake subjective approximations
of design development to external stakeholderspjept progress was now
quantifiable and easily understood by everyone.

The tracking of the number of model clashes fod&mannsbyen illustrates cultural
inertia in adoption of new technologies. Perfornganeas initially sub-par, the team
missing all relevant deadlines for the first of thve buildings (Figure 4).

Bygg B

Bygg B

MMI350

MMI400

Figure 4: Weekly charting of the number of clasivékin “Building B”, disciplinary
(left) and interdisciplinary (right), Tiedemannsioye

Although the team was unable to meet its deadlioeshe first section, efficiency
and reliability in meeting deadlines grew as thsigigers were increasingly exposed to
the framework. Four months later, during the desafrthe third building, the model
matured sufficiently to enable the same team tat thedr deadlines (Figure 5).

~

A inrson
A/ <\ : _
\ : =

Figure 5: Weekly charting of the number of clasiwékin “Building C”, disciplinary
(left) and interdisciplinary (right), Tiedemannsioye

Although in some cases showing a slight tendencynt@rsely correlate to the
number of tasks, Percent Plan Complete (PPC) redaamound 80% for the entire
project, while the number of tasks completed peekvecreased by 69% from the
average number of tasks completed in weeks 36Hietaverages recorded in weeks 2-10

(Figure 6).
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Figure 6: Tracking of PPC (linegraph) and numbetasks (bars), Tiedemannsbyen

It should be noted that Figures 4 and 5 reflectot@ number of clashes in the BIM,
including several cases of objects clashing witletevance to constructability. However,
this automated weekly chart generation requirele léffort and is used to track trends
rather than absolute number of clashes. More tlgtratlash reviews were performed
specifically at MMI300 and 350 both by each disicipl and by the project’s design
manager. Although some improvements are to be é&xgdry designers throughout a
design project, the trends in the graphs reveag@ifeant shift in practice, especially
when considered relative to the increase in thed tatmber of tasks completed per week.

REFLECTION ON IMPLEMENTATION APPROACHES
The following positive observations regarding immpéntation were made:

Voluntary adoption by designers: As a sign of successful implementation,
designers resolved to use the system rather tivantireg to traditional practices.
Management of maturity for large sections rather tfan individual objects was
regarded as a factor for succes3aVhile remaining small enough for designers to
comprehend the amount of information within eacttiea, the larger sections
made it easier for all project participants to ustend the overarching flow of the
project. Management of maturity on a per-objectelewould render this
unfeasible.

Simple visual aids greatly benefited designersGraphing collisions per week as
in Tiedemannsbyen or charting maturity in 3D as Hf: Arnkvern-Moelv
exemplified relatively minor undertakings which atlg improved
communication of model state, increasing the trarepcy of project flow for all
participants.

Case-specific adjustments were regarded as a factdor success: While
keeping a certain level of standardization of th&tem, flexibility in including or
excluding functionality based on unique project ceinstances made
implementation easier.

On the other hand, the following areas of improveiweere discovered:

Lack of clarity in MMlI-level specifications: Designers cited somewhat
ambiguous specifications for MMI-levels, which amnés required subjective
interpretations from the designers as to what thexe supposed to deliver.

Lack of software guidelines:Several minor issues hindering communication due
to lack of clear guidelines for software use wargorted. Designers were in some
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cases working with different datums and units,ddiaon to being unable to load
different files due to server-side errors or favdleted to naming conventions.

e Third party evaluation of model maturity required: Designer did on some
occasions deliver models which was not mature emaagvarrant a new MMI-
level. The inclusion of a BIM-coordinator evaluatideliveries proved necessary.

e Cultural inertia: As with any efforts to implement new methods, aiethe
greatest obstacles to success was the inabilitgloctance of some designers to
change their existing practices.

REQUIREMENTS FOR SUCCESSFUL MANAGEMENT

Positive results in implementation in both cases leagely be attributed to an approach
of establishing a simple foundation for standaritiwaand continuous improvement. The
solutions to the first three aspects in each clsgtrates this, where efforts have been
made only to implement what is necessary for amjgstlesigners to a new way of
working. After all, the tasks designers were resgae for carrying out were the same as
before, the only difference being the process-edl@ontext now associated to the tasks.
The importance of this approach is made furthedeawi in the observation that cultural
inertia was deemed to be one of the biggest olestdot successful implementation. The
results also highlight the fact that the softwasein no way finalized or fool-proof,
requiring management to pre-emptively address compitfalls. This observation may
serve as a reminder that design management isastikkxercise in managing people,
despite technological innovations.

The maturity-level specifications were discoveredhtave the most potential for
improvement, being relatively simple in its curretdte. Although room for improvement
was discovered, theory cannot go further than ggest that these levels should reflect
the functional requirements necessary for pull @ of future tasks, recognizing that
more detailed specifications of levels would difféth discipline and type of project.

The management approach of separating models angerl sections and managing
these sections by discipline, rather than tryingnm@anage individual objects, was
determined to be a factor underpinning succes®ih bases, serving as a better way of
explaining the overall model development from cqntde final design.

Although both projects illustrated a necessity $tandardization of practice, having
some flexibility in management approaches was désmmed necessary. The solution to
this issue given in the cases was to standardizetiinality, yet provide the ability for
management to choose which functionality to implehos a case by case basis.

CONCLUSION

Findings illustrate that there is a theoretical ecde be made for maturity-based
management as an enabler for using Last Planner™BIih workflows, and that

experiences from case studies seem to supporndtisn. In practical terms, projects
utilizing maturity-based management indicates atgreability to communicate model
state and progress as well as designer needs sponsebilities, resulting in the design
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process being more transparent and manageableesSescin adoption can be attributed
to a practice of utilizing standardization and aombus improvement while still allowing
for a certain degree of flexibility in project ingshentations.

Based on theory and experiences from case stuctkesmmendations for using
maturity-based management of BIM workflows areisted in Table 3.

Table 3: Management recommendations based on thedrgase experiences

Aspect Recommendations

Specification of maturity Maturity-levels are based on the future functionakds, formulated as

levels specific tasks. Tasks are specified for each Igairespective discipline.
Degree of model Segregation of model into sections as large asigessithout making the
disaggregation amount of information for each discipline withinclasection
incomprehensible for designers (Examples: Figu&s) 2
Communication of Visualization of maturity per discipline, per sectiin a chart, possibly
model maturity excel (Examples: Figure 3).
Planning and control of Last Planner™ and ICE. Milestones for maturity-levare attributed to
workflow post-it notes used as deliveries in collaboratieaming.
Responsibility for Designers should feel ownership to the maturityheir tasks, although an
assigning maturity independent evaluation of maturity may prove nemgsuntil level-

requirements has been sufficiently standardized tavoid
misunderstandings.

It should be noted that a vital point of succegsiritplementation in both cases has
been the simplicity in their approach, as well ascessful, project-specific choices made
by management. Having historically been approadmeedn object-level attribute, one
could make the case that failed LOD implementationthe past have been a result of
pushing needless functionality instead of pullieghinologies from project needs. After
all, the positive yields documented in this studesl not come from a radical change in
practice, but rather a simple approach of assogagxisting work and tools to project
development.
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CAN BIM FURNISH LEAN BENEFITS - AN
INDIAN CASE STUDY

Nilay Singhal®, Ritu Ahuja?

ABSTRACT

Building Information Modelling (BIM) is recognizeds an enabler for proficient

accomplishment of projects in construction industrydifferent levels. Various benefits

have been achieved globally through BIM implemeatet including enhanced

visualization, collaboration between stakeholdérsughout the project life cycle, time

and cost savings, value engineering, change mareageand many others. Harnessing
the BIM capabilities efficiently to gain maximumrdits on the projects can be a major
milestone for the Indian built environment secteaor this study, BIM has been identified
as an effective process for achieving various leanefits for construction projects in

India.

The project envision BIM as a catalyst for imprayithe current scenario of Indian
construction sector. The paper is based on exporaase based research methodology
wherein, both literature review and semi-structurederview have been done.
Relationship between BIM and lean by studying tee af various BIM capabilities on
construction projects from initiation stage tilleyptions and maintenance stage has been
established. Lean benefits corresponding to eadh @lpability has been reported upon
validating in discussions with the industry expemsl literature review.

KEYWORDS

BIM, Collaboration, lean construction, Indian Counstion sector, Value.

INTRODUCTION

Indian construction sector is well known for itadmented nature yet it is economically
as viable as other sectors (More et al. 2016). Rimenpast research, it is evident that
construction impacts environmental, economic andas@spects of built environment
(Rahman et al. 2013). Therefore, it becomes intperdor the stakeholders in this field
to exercise effective pre-construction, construgtmperations and maintenance strategies
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and their subsequent implementations. Sustainegtlyria Indian economy has called for
faster and quality construction practices by overog impediments—outdated
technology, lack of training, poor planning, fragrtegion, etc. Hence efforts are being
made to yield quality products and services, bé&nhedind assured return on investment
(More et al. 2016). Lean construction is basedhenunderlying concepts and principles
of the Toyota Production System (TPS) that focuseswaste minimization, enhanced
delivery of value added product and services tetauers, and continuous improvement
(Sacks et al. 2009). BIM as defined by the NatioBallding Information Modelling
Standards (NBIMS) committee of USA is a digital id&pn of physical and functional
features of any infrastructural facility (Choug@ed Konnur 2015). BIM also known as
Virtual Design and Construction (VDC) has been regggbto be in its experimentation
stage in India (Sawhney 2014). Lean has helped aximmzing profits in Japanese
manufacturing units. Thus, amalgamation of BIM &eah can bring surplus benefits to
the construction industry (Bolpagni et al. 201There exists a synergy between lean and
BIM (Sacks et al. 2009). BIM capabilities can beerpreted as potential characteristics
resulting in functions or specific tasks that cangerformed to accrue lean benefits on
construction projects. This paper discusses thebeaefits of implementation of BIM on
construction projects in India and reports a roliashework for case studies of the same.

LITERATURE REVIEW

Literature review acts as a foundation for thisgydpr which previous publications have
been used to develop a BIM-Lean framework for ctigdies depicting BIM capabilities,
their subsequent lean benefits. It has been repdhat independently developed lean
construction practices can be effectively leveralggdmplementing BIM (Gerber et al.
2010). According to a UK based case study for aeargd construction of prison system,
lean was the first deciding step on their path tM Bmplementation (McGraw Hill
Construction 2014). BIM directly contributes to hegoals by improving predictability,
collaboration, discipline, learning and implemeittat(Koskela 2014). Reasons for such
a close relationship between BIM and lean can bdbated to following BIM
capabilities and lean benefits as identified thfowmn extensive literature review in
sections below—

BIM CAPABILITIES

BIM provides a common platform for stakeholders wmrk in a collaborative
environment (Rokooei 2015). BIM helps in capturirgality, minimizing wastes and
rework, conflict resolution, work sequencing, au&dion and customization (Ball 2014),
value generation and improved workflow (Mollasalehial. 2016). Visualization of the
proposed facility early in the design phase hetpsealising what the proposed facility
will look like upon completion (Mollasalehi et aR016). BIM simplifies quantity
extraction, preparation of Bill of Quantities (BOX@sd accurate cost estimates (Raphael
and Priyanka 2014). BIM capabilities such as Clatdtection, 4D Scheduling,
construction sequencing, collaboration and comnatiuo have been utilised extensively
in previous projects (Sacks et al. 2009). Desigoraioation, Energy and performance
analysis, digitised walkthroughs, Generation ofBiadt" models help in value addition
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(Muthumanickam et al. 2012). Integrated Site PlagnChange Management, Structural
Analysis, BIM for Supply Chain Management (Ahuja @&t 2017), Code reviews,
Fabrication/shop drawings, Forensic analysis, (Azttaal. 2008) can be achieved to
accelerate the project realization. Past researches demonstrated that organizations
are reluctant to adopt such innovative technoldgmalutions due to scepticism
(Premkumar and Roberts 1999). Identification analeation of risks and challenges at
an earlier stage improves the effectiveness ofni@dgical advances (Chien et al. 2014).
Availability of technical expertise will encourad®M adoption (Ahuja et al. 2016).
Favourable attitude towards BIM, availability ofNBlbased softwares on trial basis and
consistent beliefs and values for BIM adoption lyates the implementation of BIM in
Indian scenario (Ahuja et al. 2018). At the sanmaetiBIM implementation faces
challenges because of lack of standardization anaptexity in processes (Ahuja et al.
2018). Capabilities of BIM facilitate the collabtivee management of Construction and
Demolition Wastes (CDW) (Akinade et al. 2018). Hmer, at the same time it must be
realized even though there a single model on whitire team of specialists works, yet
there is loss of tribal knowledge because spetsadiee either shifted to new projects or
they migrate to other firms (Barista, 2014). Sudiraover may lead to indirect form of
waste in construction on account of loss of knog&edkills and expertise. It is of utmost
importance that the project management team shoeddize the benefits of BIM
capabilities (Rokooei 2015) and disadvantages sudsed turnover of expert manpower
(Barista, 2014).

LEANBENEFITS

Increasing the customer satisfaction, flexibiliggplication of best working practises to
gain competitive advantage over rivals propels ledoption (Salonitis and Tsinopoulos
2016). Lean promotes continuous improvement at wplaces by creating an
environment of mutual trust, respect and harmoran(& 2017). It minimizes wastes, i.e.
activities that do not add value to client’'s denmsmar8khmot 2017). Overproduction,
delays/ waiting, over processing, unnecessary moinventory costs, knowledge scatter,
wishful thinking and under realization of skillseardentified as wastes (Larman and
Vodde 2009). Lean processes help to improve waskegfety and increase staff
productivity by enhancing communication and coli@ion within project teams
(Karakhan et al. 2016). A survey conducted by MaGHiIll Construction reports lean
practitioners achieved greater customer satisfactiod higher construction quality as
key lean benefits (McGraw Hill Construction 2013)s per Construction Lean
Improvement Programme (CLIP), organizations thaipéed lean under its guidance
achieved improved communication, team dynamicsveaste minimizations which also
saves money and effort (CIRIA 2003). Primary ohyectis to identify value addition
from customer point of view and consider the irgltedness and interdependence
between the stages any project (Bade and Haas.2@ddgctive involvement of project
team members and healthy competition leads to eelpooject schedule (Riddell 2017).
An interesting study regarding the BIM implemerdatiand lean benefits resulted in
formulation of a matrix which has been termed aglBean framework for case studies
in this paper.

92 Proceedings IGLC-26, July 201&hennai, India



Can BIM Furnish Lean Benefits - An Indian Case $tud

RESEARCH METHODOLOGY

Two projects were identified for conducting thisid¢ which helped in countering the
following queries:

* What capabilities of BIM have been implemented wo tof the construction
projects in India?

* What potential lean benefits can be accrued byamphting BIM?
« What lean benefits have actually been accrueddarséhected case studies?

In order to answer the above questions, an expdorétased case study approach was
adopted. (Yin) defined case study as an empirioadstigation that examines an existing
phenomenon within its real-life context especiallbhen the boundaries between
phenomenon and context are not distinctly obviargl which uses either single or
multiple sources of evidences. For this paper tasecstudies based on exploration of
real life event are used to depict relationshipween BIM and lean in order to
specifically report various lean benefits which &vebtained by effective implementation
of different BIM capabilities. Following proceduras shown in Figure 1 has been
adopted for the paper—

SEMI- STRUCTURED INTERVIEW
+ Discussions and interviews with

METHODOLOGY
+ Literature Review
+ Reference to previous works of
\ academicians and industry personnels Y,

AN
FRAMEWORK
Congruency between BIM
capabilities and lean benefits
\ Y,
VALIDATION
Connection between lean benefits and

BIM capabilities with the help of case
study and existing literature

industry people

CASE STUDY BASED RESEARCH
* BIMand its benefits

Figure 1. Research Methodology Flowchart

» Literature Review: As exploration based case stgiypands prior fieldwork and
data collection to lay a concrete foundation far $itudy (Zainal 2007). Different
BIM capabilities that are being utilized globallgJue been explored via existing
literature and previous works of academicians awldistry experts. Similarly, the
lean benefits based on the principles of lean pbpby have also been identified.

« Framework: Based on extensive literature review anllsequent study and
analysis, semi structured interviews with indusemperts were conducted to
identify what BIM capabilities have already beemdignd are being used in the
selected Indian case study projects. There wasfgpederview and discussion
with respect to each BIM capability with the expextrking on that particular
functionality of BIM. Subsequently, different leenefits complementary to the
accrued BIM capabilities were discussed with th@eets via semi-structured
interviews and reported in the form of a framework.
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» Validation: The framework so developed upon thashas literature review and
semi-structured interviews was subsequently vaddidiy the industry experts.
There were series of detailed discussions held thighexperts. Based on which
analysis as to what, when and how each lean bemef# achieved while
implementing or after having implemented a paracuBIM capability. The
experts are having an experience of more thanefiftgears working in the
construction and modelling industry and have beemking on 5 dimensional
BIM based projects both in India and abroad.

CASE STUDY PROJECTS
PROJECT 1

A commercial retail centre with a gross built upaof 35000 ris being built in one of
the cities of India. Client and General contractartually agreed for BIM based project
implementation. A BIM consultant was thus hired Bllkecution Plan (BEP) which is a
contractual document that delineates roles ancresipilities of team members (Aungst
2017) and specifies guidelines for BIM implememativas prepared. Training sessions
were organized by the BIM consultant to train ttant on BIM based technologies for
the project. Meetings and discussions were peradigiconducted.

Preconstruction Phase:

Architectural, Structural, Mechanical, ElectricaPlumbing, Furniture and Fixture
(MEPFF) drawings were prepared initially using 2BLCin compliance with Level 1
(McPartland 2017) BIM implementation. Conceptualdels were prepared using 3D
CAD. Architects team developed Revit models witmaturity level of LOD 300 from
Good for Construction (GFC) drawings and Enscapg-pt was then used with Revit to
develop a Virtual reality (VR) model. MEPFF modelere developed with maturity
level of 400. Models were shared on a Common Datar&hment (CDE) to enable real
time discussions and coordination between team ragnfhis improved transparency,
information sharing, motivation, reduced rework aretiuced duplicity of efforts.
Walkthroughs helped in detecting clashes of sesweigh the architectural and structural
components to prevent time and cost overruns dxegution stage. Material quantities
were extracted directly from the Revit model angated to excel file to prepare Bill of
Quantities (BOQs). Construction schedule prepanmedMViicrosoft Project (MSP) was
imported on Navisworks Manage which was synchrahingth previously imported
Revit model to perform real time simulations fornstruction sequencing. Project
Management Consultants (PMC) and contractors wotkgdther to finalize the total
duration of the project with the help of simulaton

Construction Phase:

Model was meticulously updated with the help of Gi@wings. Contractors at the site
simultaneously updated the budget and schedulbéebdsis of progress to facilitate the
development of pour schedules. Walkthroughs engtibathing and positioning logistics
- materials, equipment, labour at site to improafety and avoid irrelevant motions and
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work activities for increasing productivity at sit€onstruction Operation Building
Information Exchange (COBie) data was updated ercal file to build data for facility
management.

Operations and Maintenance stage:

COBie and Revit models replaced the as-built drgwinvith rich and real time
information. This information will be useful in nmaaining and keeping the facility up
and running with enhanced safety and minimizeayié¢e costing.

The connections between BIM capabilities and variman benefits reported has been

presented in Table 1 below wherein; | means that the particular lean benefit was

obtained to the corresponding BIM capability ane )( means that the particular lean
benefit was not obtained to the corresponding Bidability.

Table 1: BIM-Lean framework for Project 1

= y = . | B
b B : = i g 2| § 'g -"2‘ 5
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"l il B 2|5 2 E|é|s| 2] E
418 & |8 = £ 8| 8
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Scheduling Vv I IV IV V|2 | V|V I VI iVvIiv|v
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é | sequencingandtracking | v |V |V | % | x |V |V |V |V V|V
é 5 Cost Tracking x| % |V | x|V V|V V|| x|V
7 & Safety Management VIV iVv|x|x V| V|V|V|V]V
g Collaboration and
coordination VIV VIV VIV Vv vV
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éﬁ f = | As- built drawings and
=z 52 £ | models X | x| v | x| x|V |V Vv ]|x| x|V
Boge
S 3 Facility management VI IV VIV VI VY|V vV|V

The BIM capabilities and lean benefits listed ie thble are based on findings from
the literature review. However, the interrelatiopshetween the two as depicted above
has been thoroughly investigated and validatedisgudsions with industry experts.

PROJECT 2

A renowned Indian Public Sector Undertaking (PS&BY proposed the construction of—
2 halls (500r) in the existing building, Bungalow (494.1%)nGuest house (1052.11°m
and a multipurpose hall (556.7%)at its Northern region headquarter in Lucknoveian
estimated close to INR 232 cr. A leading engingeand architectural firm situated in
Noida, India has been awarded contract for desayeldpment and construction. Based
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on the project brief they presented to the clidmirt intent for implementing BIM
supported by their own BIM success stories in mesiprojects. The team impressed
with the capabilities and advantages of BIM agréadimplementing it in the pre-
construction stage.

Pre-Construction Stage:

A local architectural consultant in Lucknow wasekirby the awardee to facilitate
information exchange. The local architect creat€tiA® based conceptual design based
on project brief which was subsequently revised @rdated by the leading contractor for
primary approval by the client. After approval RHMbased model was prepared which
was used to estimate quantity, prepare BOQ andestisbate, detect clashes, prepare site
logistics plan, compliance with local and Indiaarstard codes. Client received a real
time view of the proposed facility which encouragadive participation from their side.
There was a reduction in efforts as any changegestigd by client was simultaneously
updated on model which greatly enhanced informatadiability and developed client’s
trust and interest in BIM. Construction schedul@rkvsequencing was formulated to
facilitate risk minimization and increase quality minimized cost in a safer work
environment during project’s lifecycle. Influencked BIM capabilities and benefits client
team is planning to implement the same in execwgiage. The BIM capabilities adopted
and the benefits reported at the preconstructiaselof this project are also similar to
Project 1 preconstruction phase.

DISCUSION AND CONCLUSION

Preliminary findings for Project 1 and Project 2 aeported in the BIM-lean framework
in Table 1. The lean benefits facilitated by BIMplamentation has been discussed and
compared with global literature. BIM synergises #émtire project team working on the
project. They can coordinate simultaneously whigsigning building elements- slabs,
columns, beams, stairs, walls, fittings and fixtyretc. of the same model and any
changes made by one party are visible to the athebtain holistic view of the facility
and effective project documentation. Project tean keverage their skills, experience
and expertise to devise risk management strategiede nourishing the design
development with optimised resources to maximidaevaddition, customer satisfaction.
A very important aspect of design coordinationlesk detection. Previous studies also
report that BIM enables visualisation of the builglielements-MEP, architectural,
structural to avoid any physical hindrance by eoenponent to another (Dave et al.
2013). This saves time, money, material and hunféortebecause if clashes occur
during execution, it will delay the work and leddsvastages. Project team members and
client get a better understanding of the designikWiughs helped the client to connect
dots in design development. Thus lean benefith sisc Worker safety, enhanced staff
productivity, communication, waste minimizationstamer satisfaction, improved team
dynamics, construction quality and better risk nggmaent were achieved. This is in
congruence with the case on Shanghai Tower in Cthiatformally declared a total
material savings of thirty two percent using Rewitl Navisworks Manage by visualizing
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clashes and accelerated progress (Autodesk, 2012)ng design development of its
basement seven clashes were identified and dudnsgtruction there were no clashes at
all. 4D construction sequencing and scheduling @manted in the above projects is a
combination of a BIM model and project schedule amhenables visual analysis and
simulations to prepare risk management strateddasv¢od et al. 2002). It also helps in
preparing a site management plan. 4D model candeel o guide procurement of
resources and positioning of equipments and termpatauctures at site. BIM models
facilitated automated quantity take offs. When wse BIM models we need not to
measure each and every detail by entering commasidge used to do so while using
AutoCAD, instead BIM authoring softwares such asvREprovides the advantage to
generate automated schedule of quantities frorpdn@metric data of the model elements.
In case there are any changes made in the propeitielements, the same gets easily
updated in the revised schedule which allows savingtime and human efforts apart
from assuring accuracy. Client gets quick acces®$b estimates to help him finalise the
project’s scope. As per the case study by (Frahed. 015), during calculation of total
guantity of dry wall using traditional CAD practisead BIM based model, BIM resulted
in total savings of two percent on Drywall panassit also considered the openings for
doors and windows. BIM reduced total cost by fiftepercent. This incentivised
increased confidence in documentations, collabmmaticoordination, accuracy and
productivity.

Storage and maintenance of 2D as-built drawings iedious task also it becomes
difficult for the new members to understand theigiesn absence of the team that
worked on it. Using BIM as-built models containidgtailed information and history of
changes regarding each element can be prepared.iBidh enabler which helps to
eradicate basic causes of waste generation— impanpk unexpected design changes,
poor procurement and control, planning, inefficiescin material handling, residues of
raw materials, and rework (Cheng et al. 2015). Tiisexactly in line with the
collaborative approach between BIM benefits anchlyg@nciples of construction.

UNESCO declared world heritage site Opera House&n&y is managed using
Industry Foundation Class (IFC) format for intengielity of BIM files. It has reported
following advantages— contacting the concerned deynt in case of element failure,
retrieve history of elemental revisions, maintersanasualisations, simulations, security,
improved customer service (CRC Construction Innova2007).

Findings in this paper are compatible with the pres works and evidences. BIM
tends to yield lean benefits, increased confidancproject team and improved work
flow. Societal demand, organizational acceptabilitgchnical complexities are key
factors to the implementation of BIM (Tulenheimol3). No prominent success stories
of BIM are available with respect to the Indian wxt (Sawhney 2014). The same is
evident in a model by (Ahuja et al. 2016) wherentire project is categorized at macro-
level, organizational team at meso level and itsbers at the micro level which places
BIM adoption between micro and meso level. Thisgests that BIM is majorly used in
pre-construction stage for designing purposes wtsdh congruence with the project 2
as mentioned in this paper. Even though the prgeesultants are willing to implement
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BIM yet, clients are quite reluctant to implememe same because of long lead time for
scale implementation, lack of awareness and heghitrg costs (Ahuja et al. 2018). One
of the case study participant expressed the négefsi governmental initiatives to
encourage and facilitate BIM adoption in India.itndeeds to develop expertise in BIM
implementation and invest wisely for better Retaminvestment as reported in the past
projects.
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ABSTRACT

Construction processes happen in partially comdollenvironment; resulting in
prefabricated components being vulnerable to vadanresulting from deviation in
quality of work put in place. However, wider adaptiof VDC methods and advances in
Reality Capture technology has opened up avenuesadopting prefabrication in
construction projects by enhancing predictabilisgng two methodologies. First, the use
of advanced VDC methods to create highly detailed eoordinated models. Second,
incorporating deviations in installed/existing lolilg components using as-built 3D
models created from laser scans of the construstten

This paper focuses on case studies of commercigegis in the USA that have
prefabricated interior wall partitions, resultinghigher productivity and quality. Further,
it would outline the processes and workflows usgd lglobal team, located in the USA
and India; concluding with quantitative and quaita benefits observed on these
projects.
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INTRODUCTION

Construction projects are nonstandard, unique, lesiogler and single production
products (Arditi and Gunaydin 1997). Unlike manwfemg and other productions,
which have fixed site and similar production coiwh$, construction production sites
always display non-standard site conditions anthilasions. Consequently, due to non-
repeating activities, lack of clarity and non-umifo standards, variations occur in the
quality of work in-place. In current practicesetbubsequent trade activities adjust and
absorb variations. This limits the scope of pratation in construction projects. When
construction defects are detected later duringapréfated trade installation, they can
have cost implication in the form of rework on saied delays.(Vishal et al. 2015) This
causes quality concerns when prefabricated elemewmss be assembled in place on site.

However, wider and deeper implementation of VDChuds allows to leverage the
technology to prefabricate different building elartse This work attempts to showcase
an approach for detecting and enhancing predidiabor variances and accommodation
for tolerances on site. This approach can helpajature such deviations early in the
construction process for subsequent prefabricatemient installations. This is needed
since such defects eat into the overall savingsentadgeneral contractors and small
trade contractors. This could be because of thenewn prefabricated elements which
are unforeseen prior to shipping and installatidne to on site variances caused by
defects.(Arditi and Gunaydin 1997)

Previous studies of BIM and Lean have explained BiWabled automated work
package creation, resource levelling, value plamniprefabrication, and benefits of
coordination through the use of BIM.(Gerber et28110), RFI associated with interface
between architecture and structure of a BIM mo#&éh¢ et al. 2016), real time supply
chain management using VDC and Lean (Cho and RitfhiE)), etc. This paper builds
on the findings of the above-mentioned researchdtition, it also delves in the benefits
of using Reality Capture techniques in constructoojects. Use of reality capture as
feedback for prefabricated wall panels is basedtlmn lean theory of continuous
improvement. It allows for feedback from site foccarate design of prefabricated
elements. The identification and avoidance of fekprefabricated wall panels during
the construction lifecycle is possible by using athed VDC methods and reality
capture. This approach has not been captured vmopieestudies.

At present there is limited active construction ldygredictability approaches being
leveraged for prefabrication. The quality of wonkt pn place on the site is subject to a
larger tolerance than most activities that are nmechontrolled. Current surveying and
quality checks are not effective. They only provaia at specific location and time to
represent work in place. Such data are interpret@sually and are not integrated
electronically into project design model and prefztion spooling information set.
However, in digital fabrication, robotic welderseusser for accurate placement— straight
from MWF model. Robot welds at +/- 1/8” tolerance placements taking accurate data
from model.
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BACKGROUND RESEARCH

OVERVIEW OF THE APPROACH

The study identifies the problems which lead toteakiring construction relating to the
prefabricated elements -

- waiting: for preparation of element which doedméve enough clearance, or needs
to be provided opening/beam pocket etc. in thegprgfated panel or for chipping
of nearby structural element

- defect: in vicinity of location of installatiorf prefabricated element

And demonstrates solutions using case study toemeht lean philosophy with the
help of advanced VDC methods and Reality captutee different approaches are
practically implemented in the cases mentioned,tardifferent stages of the project.

The context of this study is defined by 2 casequtsj based in the USA, carried out
by company P(general contractor) having extensivfined usage of BIM services
under the standard services contract with compariyased in India. Project G is a tenant
improvement effort for a commercial developmenhigh-tech business park located in
Bay Area, USA. Project M is tenant improvement gffor a pharmaceutical research
laboratory building in Bay Area, USA. Company D dsywall contractor for both
projects.

Finally, the study focuses to evaluate the optitorapossible by following these
approaches. Personal interviews have been conduttiegpersonnel from project team
representing company P & company D. The seriesuegiipnnaire administered helped
to validate the approach conceptualized throughcthese of the projects demonstrated
here via case studies.

PREFABRICATED PANEL MANUFACTURING - COMPANY D
WORKFLOW

Construction of interior walls using light-gauge talestud framed walls requires
coordination with multiple trades. Construction roktal stud walls happens in three
phases that are interspersed by activities of dthdes—Ilayout of top track, installation
of stud framing, and gypsum board sheathing & fimg. Company D manufactures wall
panels, complete with framing for MEP openings,ngscomputer numerical control

(CNC) machine based on 3D models developed by coynpa The Revit-based 3D

models incorporate site constructability considerst and are also coordinated with
other building systems (Figure 1). In addition lbe £lements required for coordination,
the model also incorporates location of punchesveglds to inform the CNC machine.
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VDC METHODS TO ENHANCE PREDICTABILITY

MODELLING FOR FABRICATION

Currently, the design of prefabricated wall pangldone by using the 2D buildout plans
& architectural 3D design model as reference. TBe Riildout plans highlight the
location of wall panels. However, the 3D model @Koto check for constructability &
model integrity.

Firstly, a stripped architectural model is genetat€ompany V creates a basic
architectural model in Revit, using 2D design drays, that contains walls, doors,
windows and other relevant elements. The wallstla@e broken into smaller parts that
represent individual wall panels. Using a Revitdshplugin, the framing is generated as
per design and construction guidelines.

INCREASING PREDICTABILITY -BIM COORDINATION

The drywall framing model is checked for clasheshwother systems like HVAC
ducting, plumbing and fire protection lines in adeated model. Once the layout of all
the systems is finalized after resolution of atisties, the signed-off models are used to
adjust the framing of openings in the drywall model

This is different from the traditional constructipmocess where MEP openings are
framed on site on basis of MEP already installe@dldo requires that installation of all
systems happen as per the sign-off model. The larermg results in a cost savings,
better flow of work and faster installation.

ENHANCING PREDICTABILITY -REALITY CAPTURE

Recent development in prefabricated wall panelgiteprocess is to bring the feedback
for site conditions by using reality capture. Thsdr scanning of the facility which is

104 Proceedings IGLC-26, July 2018 | Chennai, India



Leveraging Advanced VDC Methods and Reality Capgtutacrease
the Predictability for Prefabrication

under construction allows the possibility of analgs the variation in building
components which could be affecting the clearafceshe installation of prefabricated
elements.

These variations occur due to deviations whicheyelhile the construction happens
on site. For instance, the deviation in floor flega during the concrete casting. Using
traditional VDC method, the height of wall paneliahis to be fabricated can be found
out by using design model. Whereas, due to dewiatibsite conditions from design
conditions generally, the available clearance hetgluld be varying. Magnitude of this
variation depends on the quality check and compéaiollowed while construction is
executed. These variations can be considered Img ulse construction site point cloud
data as reference while generating the 3D modek&tirpanel prefabrication.

The 3D model generated using this approach corssitter on-site variations and
helps the prefabrication team to generate accumaight wall panels. The "accurate to
site condition” wall panel output is generated fr@M model and used as input for
prefabrication in CNC machine. This process remaes possibility of rework and
material wastage which occur when the wall panetaildy not fit in place during
installation due to variation in available clearamn-site.

The point cloud data captures site conditions wpphto 3mm accuracy. This allows
analysis of the relevant components present onvdiieh pose risk for installation of
prefabricated elements. This risk could be eithatemal wastage or rework to fix the
wall panel or the component which clashes with it.

ENHANCING PREDICTABILITY - ADVANCED VISUALIZATION AND
PLANNING

Advanced visualisation and planning creates benéditthe project in terms of time and
cost saving by avoiding unnecessary on-site irsgtail and coordination efforts for
different services. The services can be checkeddoting and constructability issues
before actual installation on site.

The virtual design construction provides a platfdamcollaborating in the 3D model
environment, the different systems which are tdbbit or are already present on site
before construction. The analysis of the 3D modml ¥arious purposes such as
coordination, constructability check, model intégricheck etc. provides enhanced
predictability for components which must be engrededo order.(Tillmann et al. 2015)

Using digital fabrication, the involvement of robaind 3D model provides better
predictability and quality assurance. Predictapilt enhanced due to usage of 3D visual
models and lesser manual intervention.

CASE STUDIES

The drywall subcontractor, company D, executed wahel fit-out job for project G &
project M. Drywall installation effort for Proje€ was carried out precedent to project
M.
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There were few coordination and constructabilisues faced by team during project
G. Such as, some panels could not be installedters#ice they were not coordinated
with the accurate as-built core & shell structukéso, panels were not coordinated with
MEP trades from sequencing standpoint. This lackegfuencing communication led to
delay in panel installation. This was because ME# trade subcontractor had to remove
their elements while drywall subcontractor waitéd.few locations, MEP trades could
not remove runs and multiple wall panels were teitated with modification or were
adjusted manually on-site while doing installateffort.

In project G, structural model based on record drgwdid not accurately reflect the
site conditions. To update the structural and firetection pipes model as per as-built
conditions, a detailed QC was done using pointctldata as reference. The deviations
were captured in the modified as-built model. Tdgsurate as-built model was then used
for coordination of all subsequent trades.

Company P site team was provided with a heat magu& 2) showing the 2D
graphic representation of the variation in floorghe. The floor slope analysis was done
before arriving at site, so that the team coulah pa fixing potential issues which would
affect the wall panel installation. The upfront ceff streamlined panel installation.
Further, no effort was spent onsite in changingpgheels to site conditions. The team
identified areas where floor is to be chipped/gedubr filled for creating levelled
surface. A dedicated team worked on surface préparasing heat map before wall
panel fixing team started panel installation effditiis allows to streamline the process of

Figure 2: Heat map generated from point cloud dzfierenced on the wall panel design
model

Also, a floor 3D model was developed in Revit frpoint cloud data, which reflected
actual site conditions. The floor model with /8. accuracy was created using
automated process to pick the available point cldath. This 3D as-built floor model
was clash-coordinated with the wall panel 3D moadeélutodesk Navisworks to identify
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places having insufficient clearance causing pakisisue of material wastage or rework
on site. The clash report was generated to idemtdjor clashes, using which adjustment
were done in wall panel design model and notifeetem working on site for installation
effort. (Figure 3)

Figure 3: As built floor clash check with wall pase

Evolving the workflow along the course of thesej@cts, during the prefabricated
wall panel designing process for project M, the whl modelling team utilized
coordination and reality capture feedback loop riyithe wall panel designing phase.
The cut-outs and openings were coordinated in thié panel for fabrication model. The
panel was fabricated with the MEP openings in theeh This allowed transferring of
on-site efforts to factory conditions. (Figure 4)

Figure 4: MEP openings coordinated with drywall glan
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Further, the team identified clearance availablmoanting for deflection and as-built
layout of the deck above for every wall locatiofhis analysis used the laser scan of the
space after concrete was poured on the deck ab®nece the wall panels were full
height (up to deck level), the coordination withitéls was necessary. The location of crest
and troughs for flutes is captured in the poinudl@ata. The point cloud data is aligned
with the 3D stripped architectural model for anaysf existing conditions while
designing wall panels. The height for wall pansladjusted to match the top track with
trough of the fluted deck (Figure 5). The kickeoss for supporting the wall panels are
also adjusted to align with the fluted deck. Thecipg of top track hole series is
generated by referring the distance between thesfl(~6”), using the point cloud data
(Figure 6).

Figure 6: Top track hole series punched referrinfijute locations in laser scan
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A report was generated following this workflow, whi shows the adjustment in
height with 1/8' inch accuracy for individual wall panel. For 9éés; each having around
100-110 wall panels, the adjustment was reportedo@70% panels (Figure 7). The
report was then used to alter the parameters boicttion.

i { - ] PANEL W4233
| ) | POINTS ABOVE SUIP TRACK: 1/

| | (\ _-\

| |

31/8"

|

TO TRACK: CHANGED TO 3 5/87 FROM BOTTOM AND 37 ON SIDES

Total Panel Height for Site Evaluation,

Figure 7: Wall panel adjustment report

CHALLENGES, LIMITATIONS & SUCCESS

The timeframe for laser scanning the site andriooliporating the as-built conditions in
the design model is critical because of constramthie schedule and timeline for BIM
execution. The drywall subcontractor has reportedtiple instances where wall panel
clashed with beam/column onsite as the steel madedl for coordination was not
detailed out or updated. It is essential thatlével of detailing required of interfacing
systems modelled by other subcontractors is idedtéarly on and incorporated in BIM
Implementation Plan and in buy-out.

The adjustments made to sub-contractor's modet afterdination causes clashes in
a prefab panel. In on-site drywall constructiomgls adjustments would be made in the
field; possibly at loss of productivity for one both crews. It is imperative that a
communication protocol is established to commueicitanged made after coordination
sign-off. Additionally, VDC methods can be empldy® detect incremental changes in
the model.

A further challenge is posed by the deviations thappen on the site during
installation. Laser Scanning provides the mosueste way to capture field changes.
Some of the challenges associated with laser scgrioilow.

Laser scanning process is time and money consueifog and therefore should be
planned properly (Gleason 2013). There is requirgrfe high-end processing computer

5'43/8"
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systems to deal with the point cloud data. The sdgmment to model is a factor which
plays important role in defining overall accuradypoocess. Overlaying point cloud data
and 3D model is possible only if both model andhpaloud are using same coordinates.
But generally, laser scanning is done without gderencing. Therefore, the scan is not
referenced at the coordinates of design model.efber, we need to align the point cloud
to 3D model using best-fit approach (Murphy e&l09). This is a limitation of using the
reality capture approach for feedback from sitgpeemlly in situations where the
tolerances are less than one-quarter inch.

In both the case studies, the team has been wordkingroviding better and more
usable information using VDC methods. The use afitye capture feedback addresses
field deviations efficiently. Further automationdastreamlining of certain processes will
enable wider implementation of these methods. hearstudy needs to be done to arrive
at statistically relevant metrics. However, we ncayclude that the impacts of deploying
VDC and Reality Capture in prefabrication resultsireamlining flow and provide better
quality of work.

CONCLUSION AND FUTURE WORK

Using VDC methods increases the predictability pravides feedback loop. Modelling
using BIM allows digital fabrication. Using this pgwach company D claims high
productivity (25-30% faster erection/installatiochedule) without mass production and
lesser labour involvement. For full height interfcaming, installation productivity being
100 linear feet/person/day in current techniqudinear feet/person/day in traditional
method. Coordination of different trades allowsdactability. Additionally, in the second
case, it has been demonstrated how reality captangdes feedback in design phase to
create accurate model for digital fabrication oilding components.

The approach of using heat & contour maps helpeavtmd waitingperiod in the
process of wall panel installation. The identifioat of defects helps the team to
strategize the execution process.

The usage of heat & contour map is during the ex@typhase, whereas the 3D as-
built floor model can be utilized in design coomtion phase. The extraction of as-built
floor/roof model from point cloud using Dynamo rensl to a highly detailed as-built
model which may not be always useful considerirgléty in operating the model while
designing. The optimisation of this output is bemegearched for better utilisation in
above mentioned workflow.
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APPENDIX

1. Which issue does the site team face while installation effort is carried out? [KINDLY FURNISH THE MATRIX BELOW] (few mentioned from previous
questionnaire)

a. What is the severity and frequency of issues corresponding to these conditions ( on scale of 1-5; 1- no time or money lost; 2- time lost,
no impact on cost; 3- time and money lost; 4- major impact on project timeline; 5- major impact on project cost)

b. What is the usual procedure followed by DBC site team

Condition Severity (impact on Frequency (how often Standard procedure
cost and time for does it happen) followed
project)
Wall panel clashes with 2 1 Add pocket for beam,
beam/column lower pocket for beam
MEP clash 2 1 Add/most studs to

accommodate MEP,
Alternate is for MEP to
move, requires re-
coordination.

Not enough height clearance 3 1 Cut top of wall and add
slotted track.

REFERENCES

Arditi, D., and Gunaydin, H. M. (1997). “Total qutgl management in the construction
process.’International Journal of Project Managemet6(4), 235-243.

Cho, S., and Fischer, M. (2010). “Real-Time Supphain Management Using Virtual
Design and Construction.Proceedings for the 18th Annual Conference of the
International Group for Lean Constructip@luly), 212—-221.

Filho, J. B. P. D., Angelim, B. M., Guedes, J. 8ilyeira, S. S., and Neto, J. de P. B.
(2016). “Constructability Analysis of Architectur8tructure Interface Based on

BIM.” 24th Annual Conference of the International Groap lfean Construction
73-82.

Gerber, D. J., Becerik-Gerber, B., and Kunz, A.1@0 “Building Information Modeling
and Lean Construction: Technology, Methodology &uyances From Practice.”
18th Annual Conferencd—11.

Gleason, D. (2013). “Laser Scanning for an IntegiaBIM.” Lake Constance 5D
Conference

Murphy, M., McGovern, E., and Pavia, S. (2009jistoric building information
modelling (HBIM) Structural Survey

Tillmann, P., Viana, D., Sargent, Z., and Tommeléin(2015). “Bim and Lean in the
Design - Production Interface of Eto Component€amplex Projects.1glc, 331—
340.

Vishal, E., Waje, V., and Patil, E. V. (2015). “Gaxf poor Quality in Construction.”
IOSR Journal of Mechanical and Civil Engineerii2278-1684.

Enabling Lean with IT 111



Elmaraghy, A., Voordijk, H., and Marzouk, M. (2018An exploration of BIM and Lean interaction in
optimizing demolition projects.” InProc. 26" Annual Conference of the International. Group f@an
Construction (IGLC), Gonzalez, V.A. (edChennai, India, pp. 112-122. DQloi.org/10.24928/2018/0474.
Available at: www.iglc.net.

AN EXPLORATION OF BIM AND LEAN
INTERACTION IN OPTIMIZING
DEMOLITION PROJECTS

Ahmed Elmaraghy?, Hans Voordijk? and Mohamed Marzouk?

ABSTRACT

Construction and demolition wastes have an advens@ronmental impact. The
demolition wastes are resulted from the linear enun behaviour that the Construction
industry is currently adopting. IT-enabled proceddes BIM have been used to eliminate
wastes in Construction Projects. The alignment bésé¢ processes with Lean
Construction principles was seen to reap high hsnéefhis research investigates the
possibility of extending BIM functionalities to spgrt deconstruction processes in
alignment with Lean Principles. Based on the exgsinteraction matrix between BIM
functionalities and Lean Principles and its subsatj@xtensions, the synergies between
BIM and Lean are explored from a deconstructiorsjpective. The evidence of using
BIM capabilities in deconstruction projects is nmiginnterpreted from research in
addition to the current initiatives in the demaliti and renovation projects in The
Netherlands. The main aim is to integrate discedterts in industry and academia
towards leveraging the recovery rate of salvagethehts. The evidence is then validated
against Lean principles and the results reveal jameanformity between BIM and Lean.
This exploratory research may contribute to thepfida of a structured framework in
deconstruction projects that exploits BIM and Lezapabilities towards achieving a
circular economy.

KEYWORDS

Lean construction, Building Information ModellingIM), Pull, Deconstruction, Waste.

INTRODUCTION

Construction industry is the major contributor tee toverall waste streams generated
worldwide (Wang et al. 2010). For instance 25 t@30f all the wastes generated in EU
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is owed to construction and demolition waste (C&Byropean Commission 2016). The
current practice of buildings demolition underg@e$near economic approach. Large
portions of wastes are generated and less amoldnssalvaged materials are being
recovered and pumped back into the supply chairsgeiai et al. 2014). In recent years,
IT-based processes like Building Information Moohgl (BIM) was introduced in
deconstruction projects. The exploitation of BIMpahilities has taken many forms
including the development of BIM-based deconstarctplug-ins (Akbarnezhad et al.
2014), and the visualisation of the 4D deconstoucticheduling (Ge et al. 2017).

On the other hand, there are insights in literatbeg shows the implicit reliance on
lean principles in planning the deconstruction @ctg. These principles promote pulling
data from downstream instead of the traditionalhpapproach. This can be done by
selecting the building elements to be dismantlexedan the end-customers’ needs, thus
engaging them in the early decision making. In tlmistext, (Schultmann and Rentz 2002)
proposed that the nearest manufacturing typologi/libst suits deconstruction processes
is ‘Make to Order’ production. This means that pinecess relies on applying just-in-time
concepts where the presence of inventory is minimaddition, ‘Make to Order’ means
that the production line will capture the produntggnal only when a demand exists on a
certain product.

However, highlighting the potential of Lean-BIM @naction was merely mentioned
in deconstruction projects. In fact, most of theegrches that exploit the effect of BIM—
Lean integration in reducing the amounts of Comsima and demolition wastes (C&D)
are focused on wastes generated during the cotistryghase only. For instance, (Cheng
et al. 2015) has investigated the use of BIM fiomdlities in  enabling the waste
minimization in construction processes. Among thdsactionalities were design
validation, quantity take-off, phase planning aitd stilization planning. Therefore, the
perspective of optimizing demolition and decondinrc processes haven't yet been
explored within a Lean-BIM interaction perspective.

LEAN-BIM INTERACTION MATRIX

In order to capture the synergies between Learciptes and BIM functionalities, (Sacks
et al. 2010) have provided a framework for analysithese interactions. They were
arranged in a matrix, where each BIM functionalisy analysed against each Lean
Principle. The result can be positive, which intesaa full compliance to the indicated
Lean Principle, or negative, where the BIM functbty opposes in its implementation
the Lean Principle.

This framework is regarded suitable for exploratoegearch where the conformity
between 2 processes need to be identified. Thistarive approach was also extended
and built upon by other researchers in phases thiee operation and maintenance
(Oskouie et al. 2012). Accordingly, this researgterds the use of Lean-BIM matrix to
capture the conformity patterns between Lean amd iBldeconstruction and demolition
projects.
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EXTENDED LEAN PRINCIPLES

For the selection of the principles, some critdréve been used. First, the production
control approach adopted by Pull-planning has lzekay-issue in choosing the relevant
principles. Second, the criteria provided in (Saekal. 2010) for the development of the
Lean Principles have been used. However, some oatilins were done, besides the
addition of more concepts to account for the veamest between construction and
deconstruction processes (see Table 1). Lean plasciwere classified into 2 main
categories: strategic management and operationahnplg. As for the strategic
management-related aspects, they fall under 4 atdmaeries: the decision making,
transparency, value creation and developing paiWwiile the operational planning is
divided into 2 sub-categories: inspection and flihe process. The synergies between
these principles and BIM functionalities can beeméd from the explanations of each
interaction in the matrix.

Table 1: Lean Principles

Lean Principle Key
Early planning  Planning the decision-making structure early in the process A
the decision- . )
making The early involvement of the stakeholders in the process B
process
Consider all options C
Processes must be more transparent with decentralized decision making D
Careful selection of technology that reaps high value to the end-customer E
Ensure Comprehensive requirements capture F
Focus on Concept Selection G
Ensure Requirements Flow-down H
Verify and Validate |
Cultivate an extended network of partners J
Go and see for yourself K
Pull from Project planning is based on the end-customer needs L
Downstream Minimize inventories of goods awaiting further processing by levelling the M

production

Resource management based on production flow N
Reduce Creating a smooth workflow by removing variations in workloads (one-piece (@)
Variability flow)

Getting Quality right at the first time and reducing defects in products P
Reduce cycle time Q
Collaboration R
Flexibility S
Standardizing  Finding simplicity even within complex projects T
the Process Structuring of the work to separate the standard activities from those relying U

on the information change

Using Visual Management \%
Institute Continuous Improvement W
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EXTENDED BIM FUNCTIONALITIESTHAT SUPPORT
DECONSTRUCTION PROCESSES

BIM Functionalities mentioned in this context weetrieved from literature involved in
deconstruction planning and from innovative pragian the Demolition projects in the
Netherlands. These functionalities were classifibed on the processes they are
contributing to. There are possible extensionshasé functionalities that can be added
later. However, the main concern was to integrage durrent discrete approaches that
have been already adopted. The integration of nfnetionalities and testing their
reliability can be expected in future work. TablesBows each BIM functionality
included in the study and the key representing eaehin the matrix table.

Table 2: BIM Functionalities

BIM Functionality Key
Data Capturing

Digital documentation of buildings through laser scanning and photogrammetry 1
Modelling

Rapid generation of the BIM model 2

Visualization of the BIM model 3

Integrity of information provided in the model 4
Collaboration

Collaboration provided among stakeholders through BIM platforms 5

Collaboration in the modelling environment 6

Interoperability 7
Object-based Programming

Manual input of deconstruction-related parameters 8

Importing data from external libraries and creating new parameters of them 9
Re-use of model data for predictive analysis

Exporting model data to external plug-ins 10
Rapid evaluation and Simulation of Deconstruction Alternatives

Simulating the Schedule scenarios 11

Detecting the clashes (resulting from dismantling an element) 12

The quantification of elements and materials to be dismantled 13
Automatic Generation of Reports 14
Online/Electronic based Communication

Updating the Deconstruction progress on-site 15

Visualizing the dismantling process on-site 16

Synchronizing BIM models with online applications 17

Moondriaan Building is a facility that used to b&are Center for people with needs in
Heerlen in The Netherlands. The building was abaadofor several years and was
decided to be demolished. Resource Limburg waslhogake care of demolishing the
building. The vision was to undergo the procesdamfonstruction for elements that have
re-use potential and then demolish the rest ofbthieling and sent the materials to the
recycling facilities. Resource Limburg also hasla in marketing the salvaged elements.
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This is done either through contacting the extendetivork of partners or showcasing
the elements on their web shop (Resource Limbulg R0rherefore, Resource Limburg
can also be regarded as a consultant to the ownguiding the deconstruction process.

The workflow of the process starts with the captgirihe data on different building
elements. The company has used laser scanningolegyrand panoramic 360 images to
digitally document the building conditions. Thesenditions were evaluated by the
Company’s architects and experts. The evaluatidheis formulated into linguistic terms
that determine the quality of each element. Thenefds and their conditions are then

W -

Figure 1: Different Collections of Salvage Elemesttered inside the Building
updated to a database. On site, elements are disghand stored on separate places
inside the building (see Figure 1). Nearby custenahom the company had relations
with and who were interested in obtaining the sgdhelements, were invited to the site.
In addition, the elements on the database were cdsrd on the Web-shop.

DISCUSSION

The need to detect the conformity of Lean Pringplnd BIM functionalities in
deconstruction processes is explored using the-Bdlsininteraction matrix derived from
(Sacks et al. 2010) as listed in Table 3. In th&rir, several interactions were noticed.
These interactions are susceptible for further pobments, extensions and verifications
in future research. Hence, they can be regardeghasxploratory foundation for more
structured demolition practices. Most of the intéins are a collection of discrete
efforts in research and practice in optimizing detnuction planning. Table 4 shows the
explanation for each interaction in the matrix. Boevity reasons, the interactions, of
which evidence was found in construction project/,owere marked by ‘X’ and were
not explained. These interactions are mostly apbleto deconstruction projects and can
be inferred from evidence provided in (Sacks et 2010). There were also few
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interactions that had no available evidence, Y&y have been proposed by the authors.
These interactions are regarded to be of possdinpal in deconstruction projects.

Consequently, the mentioned interactions in Tabkrel mostly derived from both
literature and practice. As for practice examptbgsy were mainly obtained from case
studies in the Dutch construction industry. Thepresent an initiative, by social
enterprises active in the construction sectorgimpaa more circular economic behaviour
in demolition projects. This is done by introduciBgM technologies. It was found out
that Lean principles were implicitly adopted in soof the pilot projects involved.
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Table 3: Interaction Matrix: Explanations of Cebi@ents

Index Explanation Evidence

1 The current scanning processes which captures the building data, are quick (Ge et al. 2017,
and efficient. Once the spatial data is collected on-site, the decisions on the Resource
building deconstruction can be planned sufficient time before actual Limburg 2017)
demolition activities take place.

2 Visualization of the actual building conditions through digital documentation (Resource
is a transparent process. Instead of written reports, witnessing the current Limburg 2017)
building conditions contribute to a transparent decision-making process.

3 Using the state-of-the-art scanning technologies reap the highest values to (Resource
the end-customer. The end-customer can visualize the panoramic, 3D point Limburg 2017)
cloud, or 360 images of the salvaged building elements captured.

4 Point cloud data ensures capturing of comprehensive data-sets. This (Bohler and
gigantic amount of data (Big Data) carries accurate details of the building Marbs 2004)
elements condition.

5 Careful Consideration and evaluation of preliminary alternatives is (Resource
supported by the presence of a digitally documented model of the project. Limburg 2017)

6 Through the digital documentation of the initial building conditions, validating Not yet
the quality of the dismantling processes can be achieved. This is done by available
comparing the salvaged element conditions after being dismantled with the
initial conditions that was digitally documented in the beginning of the
project.

7 Visualization of the building digital documentation ensures the detection of (Resource
defects of the building elements through visual inspection Limburg 2017)

10 The rapid generation of the As-Built model for the salvaged buildings saves Not yet
more time for the next sequential processes in the planning of the building available
deconstruction

11 Through the visualization of BIM objects representing the elements to be Not Yet
salvaged and the surrounding objects on the BIM model, the deconstruction Available
sequence of such elements can be verified and the possibility to dismantle
them is validated. The same for clash detection that ensures the model
integrity.

(12) BIM provides a set of tools and capabilities that are way more efficient than  (Ali and
2D CAD drawings. Model integration and detecting discrepancies between Mohamed 2017)
BIM objects is one of them. However, the full potential of model integration
is hindered by the loss of some data and the difficulty to explicitly detect the
relationships between different BIM objects based on certain criteria.

13 Interoperability encourages the migration of data to external applications for (Pazlar and
validation and/or analysis. Turk 2008)

(14) The manual entry of data increases the probability of having errors. (Alanjari et al.
Therefore, analyzing these data may yield unreliable outcomes. Additionally, 2015)
it's difficult to validate or verify them.

15 Attaching parameters to BIM objects can be done either using manual entry  (Akbarnezhad
of values or importing data from external libraries. Thus, there is flexibility in et al. 2014)

the addition of parameters independent of the source type.
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Index Explanation Evidence

16 BIM follows an object-oriented approach in creating the hierarchy of BIM (Akbarnezhad
objects. Therefore, this process provides possibility of defining new etal. 2014;
parameters and linking them to the BIM objects. Adding parameters can Krijnen and
capture comprehensive data about different criteria. Parameters can bring Tamke 2015)
additional information to the model about the connectivity of the BIM objects
or the location of nearest recycling facilities...etc.

17 Verification of parameter values added to a BIM model can be achieved. By (Akbarnezhad
developing a plug-in that can be added to the BIM authoring tool, different et al. 2014)
parameters can be retrieved and analyzed.

18 Due to the early evaluation of building elements recovery potential by (Akbarnezhad
analyzing BIM objects data, the quality of the end-product is increased and et al. 2014)
becomes more consistent with the client needs (buyers of the salvaged
elements).

19 Exporting model data to external applications validates these data against (Akbarnezhad
rules and regulations. It also verifies the suitability of the element conditions et al. 2014)
for deconstruct ability. Some applications extend their scope to predict the
transportation costs, logistics, and the relevant impact on the environment
for the salvaged elements

20 Predicting the recovery potential of the building elements, represented by (Akbarnezhad
the BIM objects, ensures that the salvaged elements with high re-use etal. 2014;
potential can be identified and dismantled. Thus, variability resulting from Eastman et al.
the uncertainty of the element conditions is reduced. This helps in 2011)
preserving the quality of these elements during the deconstruction process.

In addition, it saves the time needed on-site to evaluate the building
elements.

(21) Detailed predictive analysis and the generation of multiple parameters to be (Alanjari et al.
added to the model could increase the complexity of the model. This would 2015)
hinder the easy extraction of information from the BIM model

22 Through the use of the BIM objects data in an external application, an (Akinade et al.
analysis can be done to separate the elements with high recovery potential 2017)
from the rest of the elements with no recovery potential.

23 Using BIM collaboration tools, it's possible to for multi-disciplinary teams to  (Eastman et al.
work together early in the project to create different scenarios for the 2011; Ge etal.
deconstruction strategies using BIM collaboration platforms. These 2017)
platforms support the visualization of deconstruction processes with the
progress of the project, the dismantling sequence and the mobilization of
salvaged elements. This environment leverages the decision making based
on the selection of the most appropriate deconstruction strategy.

24 4D scheduling presents a visualization of the deconstruction sequencing (Eastman et al.
with the progress of the schedule. This is used to identify conflicts in time, 2011; Ge et al.
space and assessing the deconstructability of salvaged elements. Safety, 2017)
and efficiency of production is enabled, and production flow can be tracked
and improved.

25 Simulating the path of the dismantled elements out of the building is (Autodesk
enabled through BIM Collaboration tools. This ensures an accurate University 2013)
dismantling process on-site and saving time by virtually evaluating different
scenarios before settling on the optimum one.

26 The visualization of deconstruction steps on a BIM model on-site (using Not yet
rugged devices) reduces the error of dismantling an element and ensures its  available

proper dismantling to preserve its condition.
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Index Explanation Evidence

27 A Web shop can be an example of the external applications supported by (Resource
BIM processes. This web-shop can show the data attached to BIM objects Limburg 2017)
which represents the salvaged building elements in real world. The
elements sold on the Web shop can then by synchronized with the BIM
model for efficient deconstruction planning. Based on the demand of
building elements, the stakeholders can take early decisions on the destiny
of the salvaged elements and materials.

28 Integration of different stakeholders involved in the recovery and re-use of Not yet
salvaged elements through online portals can create long term relationships available
between them. It can also be regarded as an initiative for adopting circular
economy in construction practices.

CONCLUSION

This paper extended the BIM-Lean interaction matoxcover the deconstruction and
demolition processes. The synopsis of interactimas supported by evidence from
literature and practice. The interpretation of thatrix interactions could be directed
towards the adoption of a BIM-Lean approach in rfietdeconstruction projects. For
example, the exploitation of BIM related techno&xjican be used to apply the lean
principles in the context of showcasing the saldagéements on a Web-Shop. This
platform can be linked to the BIM model for updatithe deconstruction scheduling.
Finally, this exploratory research can yield, ie flature work, a generic framework for
the planning of deconstruction projects both onstinategic and operational level.

REFERENCES

Akbarnezhad, A., Ong, K. C. G., and Chandra, L. (R014). "Economic and
environmental assessment of deconstruction stestegsing building information
modeling."Automation in Constructiqrd7, 131-144.

Akinade, O. O., Oyedele, L. O., Omoteso, K., Ajai,O., Bilal, M., Owolabi, H. A,
Alaka, H. A., Ayris, L., and Henry Looney, J. (2017BIM-based deconstruction tool:
Towards essential functionalities.International Journal of Sustainable Built
Environment6(1), 260-271.

Alanjari, P., RazaviAlavi, S., and AbouRizk, S. {3). "Hybrid genetic algorithm-
simulation optimization method for proactively phamg layout of material yard
laydown."Journal of Construction Engineering and Managemént (10), 06015001.

Ali, M., and Mohamed, Y. (2017). "A method for cleeng unlabeled BIM objects using
entropy and TF-IDF with RDF encodingAdvanced Engineering Informatics
33(Supplement C), 154-163.

Autodesk University (2013). "RC2261: Laser ScanrBane Wild: 4D Clash Detection
with the Point Cloud."
<http://aucache.autodesk.com/au2013/sessionsR2@&ER07/handout_2261 RC2261
pdf>. (17 Nov, 2017).

Enabling Lean with IT 121



Ahmed Elmaraghy, Hans Voordijk, and Mohamed Marzouk

Bohler, W., and Marbs, A. "3D scanning and photogreetry for heritage recording: a
comparison.” Proc., Proceedings of the 12th International Coafere on
GeoinformaticsGavle University Press, Sweden, 291-298.

Cheng, J. C. P., Won, J., and Das, M. "Constructiash Demolition Waste Management
Using BIM Technology."Proc., 23rd Annual Conference of the Internatio@abup
for Lean Construction381-390.

Eastman, C. M., Eastman, C., Teicholz, P., and §&k(2011)BIM handbook: A guide
to building information modeling for owners, manegjedesigners, engineers and
contractors John Wiley & Sons.

European Commission (2016). "European CommissiBmvironment - Construction and
Demolition Waste (CDW)."
<http://ec.europa.eu/environment/waste/constructiemolition.htm

>. (12 Jan, 2018).

Ge, X. J., Livesey, P., Wang, J., Huang, S., He, and Zhang, C. (2017).
"Deconstruction waste management through 3d receartgin and bim: a case study.”
Visualization in Engineering(1), 13.

Hosseini, M. R., Chileshe, N., Rameezdeen, R., lagldmann, S. (2014). "Reverse
logistics for the construction industry: Lessonenir the manufacturing context.”
International Journal of Construction EngineeringcaManagemen(3), 75-90.

Krijnen, T., and Tamke, M. (2015Assessing Implicit Knowledge in BIM Models with
Machine Learning

Oskouie, P., Gerber, D. J., Alves, T., and Bec@ttber, B. "Extending the Interaction
of Building Information modeling and lean constiant” Proc., 20th Annual
Conference of the International Group for Lean Gaungion.

Pazlar, T., and Turk, Z. (2008). "Interoperability practice: geometric data exchance
using the IFC standardJburnal of Information Technology in Constructidiiqon)
13(24), 362-380.

Resource Limburg (2017). "Resource Limburg Web Shop
<http://www.resourcelimburg.f#. (4 Jan, 2018).

Sacks, R., Koskela, L., Dave, B. A., and Owen, R1(0). "Interaction of lean and
building information modeling in constructionJournal of construction engineering
and managemen136(9), 968-980.

Schultmann, F., and Rentz, O. (2002). "Schedulihgleconstruction projects under
resource constraintsConstruction Management and Econom@(5), 391-401.

Wang, J., Yuan, H., Kang, X., and Lu, W. (2010)ritiCal success factors for on-site
sorting of construction waste: A china studgésources, Conservation and Recygling
54(11), 931-936.

122 Proceedings IGLC-26, July 201&€hennai, India



Singh, A.R. and Delhi, V.S.K. (2018). “Site Laydelanning Waste Typology and its Handling Through
AR-BIM Concept: A Lean Approach”. IrProc. 26" Annual Conference of the International. Group for
Lean Construction (IGLC), Gonzalez, V.A. (ed.)Chennai, India, pp.123-133. DOI
doi.org/10.24928/2018/0475. Available at: www.igket.

‘SITE LAYOUT PLANNING WASTE’
TYPOLOGY AND ITS HANDLING THROUGH
AR-BIM CONCEPT: ALEAN APPROACH

Abhishek Raj Singht and Venkata Santosh Kumar DelH

ABSTRACT

Site layout planning (SLP) aims at the efficieragadment of temporary facilities on a
construction site. Improper planning can lead tem&ndous wastes in terms of
unnecessary transport of materials and other ressusround the site. A plethora of
research has presented SLP as an optimizationgonoldut a few have focused on the
wastes involved and that occur due to an impropgout of the construction site. To
develop the ‘SLP waste’ typology, a comprehensitegdture review was done, and the
experts of SLP were interviewed. The identified tsasvere found to be resulting due to
inefficient layouts, improper coordination and ablbration among the project
stakeholders and conflict of their interest. Theerimewed experts highlighted the
inefficiency of two-dimensional (2D) drawings aretjuirement of three-dimensional (3D)
visualization that can aid in envisioning the fetwsite scenarios. Therefore, utilizing
Augmented Reality (AR) integrated Building Infornwet Modeling (BIM), a conceptual
tool ‘AR-BIM’ is proposed, and the anticipated wionly is briefed out in this study. The
tool is under development and is expected to eassthe planning of site layouts and will
aid in enabling lean, along with value generatiooanstruction projects.

KEYWORDS

Lean Construction Sites, Site Layout Planning, T€&wultaboration, Waste Elimination

INTRODUCTION

Lean construction is applied to minimize waste hwat motive towards value creation,
and addressing the end user requirement (Aziz afez-2013). In construction, “Waste”
is defined as any deviation from the absolute mummn terms of labour, equipment and
material required for creating a product (AlarcoB97). The paradigm of ‘Lean

Construction’ is now being adopted across the av(®long and Liang 2011). The basic
premise of lean philosophy is to enable strongdalcoration and coordination among
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the project participants to streamline the consimacprocess flows. Construction site
layout planning (SLP) pulls in project stakeholderglan and fix the location, shape and
size of the temporary facilities required. Consenseu the decisions towards SLP is
achieved utilizing two-dimensional (2D) drawingsheéBe 2D drawings lack the three
dimensional (3D) spatial constraints, due to whick wastes are generated. SLP is a
decision-making process that calls for better Vigaion, coordination and collaboration
so that an efficient layout can be prepared. Emgrdgiechnologies like Building
Information Modeling (BIM), Computer Simulations $and Augmented Reality (AR)
promise better coordination and collaboration amomwject stakeholders. The
applicability of the technologies mentioned aboas been explored in all phases of the
project, individually and in integration with onenaher (Zhao 2017). There exists
research in the domain of Building Information Mbdg (Sacks et al. 2010a),
Simulation (Marzouk et al. 2011) and Visualizat{@acks et al. 2007) in conjunction to
the lean construction, but the applicability ofgadgechnologies for site layout planning is
understudied. The present research understandshieovisualization of the process helps
in adoption and implementation of lean (Rischmol¢ral. 2006) and can aid better
coordination and collaboration among the projeakesholders by enhancing the process
transparency (Song and Liang 2011). Thus, this pppesents a conceptual tool and
highlights its applicability for making lean sitaybuts by bringing leanness to the
process of SLP.

LITERATURE REVIEW

WASTESDUE TO FAULTY SITE LAYOUT PLANNING (SLP)

Time and cost are major project evaluating pararsete the traditional model of
measuring project performance. Alarcon (1997) sstggk ‘Effectiveness, Efficiency,
Quality, Productivity, Quality of work life, Innow@n and Profitability’ as seven
performance elements. The study also highlightesl ¢bntrollable wastes in three
categories of wastes. The study of the Brazilianstroiction sites by Formoset al.
(1999) brought up 8 major classification of wasteg1) Overproduction, (2) Substitution,
(3) Waiting Time, (4) Transportation, (5) Procesgsi(6) Inventories, (7) Movement, (8)
Production of defective products. The losses dubdanadequate planning of stocks and
locations of storage may lead to vandalism, mdtexdaste by deterioration, burglary, and
robbery that results in monetary loss and such esasan be attributed to the class of
‘Inventories’. The wastes mentioned above, are etswidered in research conducted by
Osmani et al. (2008). A study of Abu Dhabi construction industpyesented 27
construction wastes. The author Al-Aomar (2012) wate to classify the identified
wastes into 7 categories. The wastes identifiedrdgearchers indicate that proper
planning of site space can resolve and eliminaentastes at the planning for site layout.
Therefore, the following section highlights reséawonducted in the domain of site
layout planning.
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SITE LAYOUT PLANNING

Ballard and Koskela (2011) presented constructioojept as “a product development
process, though not necessarily of a product tisegdeof which will be copied multiple
times.” The site development involves many decisiaking steps related to size, shape,
location, and duration of temporary facilities ()/e® the construction site (Zolfagharian
and Irizarry 2014). Researchers have defined tleda an optimization problem, but the
sub-optimal decisions related to the TFs can raaulbsses or wastes. The research in
this domain emphasizes more on finding the algorithased solution to the problem
resulting out an optimal solution to the plann&adeghpour and Andayesh (2015) have
indicated that advancements in the field of autemnaand visualization as a potential
area for the researchers to investigate. Studiedumded in the last decade depicts a shift
in concern from time, cost, and quality to safgigoductivity and efficiency on project
sites. Pérezt al. (2016) reported the use of BIM technology to plagidtics and
workspace on sites as fairly limited. The plannofgsite layout is considered to be a
combinatorial task where project stakeholders meqebpllaboration and coordination
among and across teams for decision making.

BUILDING INFORMATION MODELING (BIM) FORLEAN CONSTRUCTION

The implementation of BIM has shown a reduction vedstes involved in design
development, the generation of project documents cordination documents (Kumar
and Mukherjee 2009). Sackst al. (2010b) explored the synergy between lean
construction and BIM by supporting planning and -ttayglay construction control on
sites utilizing KanBIM. The implementation of suddiM-based lean construction
management system supports human decision makaggtiation among stakeholders,
and granularity of planning on a daily level. Thedy by Liuet al. (2011) explored the
potential of BIM systems to minimize constructiomste. Liuet al. (2015) presented a
framework for waste minimization utilizing BIM byeducing conflicts, rework, and
errors.

IMPLEMENTATION OF LEAN THINKING THROUGH VISUALIZATION

The visual management has been considered as, mo@gathe most important
methodologies of attaining lean production (Koski87). The criteria for assessment of
a visualization tool, to support lean constructpmovided parameters like; continuous
improvement, knowledge communication, and the ilatith other tools. The use of
computer-aided visualization can benefit plannifigprojects, monitoring and recording
performance benchmarks, an increase of workflow,ratease of bottlenecks. The major
focus has been on visualization aspects of BIMtbutisualize the workflow, 4D BIM,
4D CAD and other technologies like augmented ngalitn be utilized. VisiLean, a tool
for providing lean production management had beeopgsed to provide clear
visualization of workflow along with simplifying # implementation of BIM on
construction projects (Dave et al. 2011). The gmé=d research is undertaken to
understand the impact of tools like AR and BIM iaste minimization process.
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RESEARCH METHOD

The study adopts a qualitative approach througlemrxpterviews to achieve the above
objective. To identify the themes to be discusseth \the experts a comprehensive
literature survey was done. The keywords used darching the literary content were
‘Lean Construction,” ‘Waste Minimization’, ‘Site Wkaut Planning’, ‘BIM’,
‘Visualization’, ‘Augmented Reality’ and the comiaition of the terms was also tried out.
The wastes that generate due to faulty site laydanning were identified from the
literature and expert interviews, were classifieth itwo major categories as identifiable
and unidentifiable to the layout planners. A setnikgured open-ended interview on the
adoption of BIM and Lean and potential of BIM an® A1 Lean was conducted with 15
experts. The interview data were analyzed utilizimg method highlighted by Appleton
(1995). The following section provides detail ofetlauthors’ interaction with the
construction industry experts and highlights thgureement of a visualization tool for
enabling lean since from the layout planning stafjehe project. The findings also
provide an idea of how visualization can help dstalkders in identifying wastes and
eliminating them.

RESEARCH FINDINGS

WASTES FOR THE CONSTRUCTION INDUSTRY AND ELIMINATION
STRATEGY

Waste on construction sites is considered to bevéste only if it is visible and easily

identifiable. The construction industry expertegpective of experience, when asked
about the wastes on the construction site promipitijcated material wastage. The
following reasons were brought up for the wastesggating on construction sites:

Wastes Due to Rework

Every respondent emphasized this category of walte. construction site rework
generates a huge amount of waste that is very toatthndle. The rework generates
enormous debris on construction sites, which néetie cleaned from the execution site.
This waste not only results in the material wastagiealso results in the wastage of man-
hours and money.

Eliminating Rework

The respondents underlined proper designing anttasmindocuments can eliminate the
rework. According to the interviewees, the desigiisthe project should be readily
available, and no last-minute change should octhis requirement of the experts
corresponds to the traditional construction practic

Overproduction and Over Procurement of Material

The interviewees reported major materials requordconstruction sites are steel and
concrete. The requirement of concrete is calculated daily basis and is provided to the
batching plant on the day of requirement. If thaarete is produced on site, the wastage
of concrete was considered under overproduction, i&nt is procured from some
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concrete supplier, it is categorized as over pmm@nt. The same procurement
categorization was reported for the steel.

Eliminating the Over-Production and Excess Procurerant

The researchers in the past have mentioned theatibin of technologies like BIM for
guantity take-off. The quantity take-off tools, wdryased on the level of details to which
the three dimensional model of the project conforAs measures for reducing wastage
due to excess procurement and production, the expaghlighted the tolerance, within
which the waste generation is not considered atagnfor the project and hence is not
given much concern. The interviews resulted out thase tolerances vary from project
to project and process to process. To the autdefs)ing of tolerance does not seem to
be an approach for waste elimination, and no wageclto the lean practices for the
construction.

Waste Due to Offcut

The industry experts listed out this wastage astiteut pieces of the material like steel
bars, timber, marble, and tiles. The reason atedhuo these wastes is the improper
detailing in the design and unskilled workers. Ehesstes are sometimes utilized on the
construction sites and therefore are of no majoncem in accordance with the
interviewees’ response.

Elimination of the Cutouts

Since the construction industry utilizes this wastethe project, this does not imply that
its elimination should not be targeted. The exgstiechnologies like precast and prefab
can eliminate these wastes from construction siths. pre-engineered components will
eliminate the waste of scrap material, but is {ikel generate the following waste.

Waste Due to Improper Storage

The experts reported this wastage in referencbgdmproper storage of materials and
pre-engineered components. The material storagmgesvas reported as a result of bad
inventories and poor storekeeping. An unorganizeg of stacking the pre-engineered
components lead to huge monetary loss, due tometarn of the components.

Elimination of Waste Due to Improper Storage

The experts indicated the proper storekeeping, galaith employment of Radio
Frequency ldentification (RFID) tagging system eljn eliminating the wastage due to
improper storage. Hence, the techniques menti@bede can aid in eliminating the
occurrence of waste to a certain extent if emplagaropriately.

IMPROPER SLPWASTES AND WASTESIN THE SLPPROCESS

The past researches have focused and indicatede#s®mns and the eliminatory or
diminution measures for the wastes mentioned abbue,the count focusing on the
wastes involved in the processes like designing plashining, employed for aiding
construction is relatively low to assist the couastion industry in eliminating the process
wastes. The succeeding section will provide comgmesive knowledge on the wastes due
to faulty site layout planning and the wastes imedlin the process of SLP.
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Waste of Excessive Handling

The waste results out due to the improper planoingpe location of the storage facility
and the location of material consumption. The etspkighlighted the negligence of the
team responsible for planning and the team in @afdhe storage for this wastage. One
of the respondents highlighted the responsibilitthe storekeeping team stating thdt: “
the material on construction site is not unloadédh& designated location then the team
responsible for the storage should be held respdasor the waste of time and cost to be
incurred in shifting the material as well as foetlocked up space due to unloading at an
inappropriate locatiord.

Unnecessary Movement

This referred to the unrequired movements of veBiend labours. The industry expert
attributed this waste to the improper planning ité &yout depicting*The location of
labor huts and routes on construction sites ar®la for the planning team to carry out
before the execution on construction site starts.”

Blocked Space

The blockage of construction site happens due foraper envisaging of the future
scenarios by the planning team and the poor hoepéig of the site. While interviewing
the waste of space was highlighted by maximum medpots, and their response is
summarized here:Construction site planning happens as soon as c¢batract is
awarded based upon the prevailing geographic caomktand the provided area for the
coming up facility. In a hurry to start the exeautj the planning of SLP is not given
proper concern, and as a result, as the constracpimgresses, the site becomes a fouled
up place. The major mess is due to improper hoegakg resulting in space blockages
on site.’

Inefficient Coordination and Collaboration

The process of SLP is considered to be a teams’magorly deciding upon the location
of facilities required to aid the main constructidihe team comprises of stakeholders
from different field of expertise like project may&a, site supervisor, site engineer and
sub-contractors. The task is accomplished by cotkting using 2D drawings as a mode
of information share. Since few studies have hgijtied the inefficacy of the drawings
(Cheng and O’Connor 1996) sometimes, this resnlthe waste of discussion utilizing
2D drawings and results in a waste due to inefitcomordination and collaboration.

Typology of Wastes and Possible Approach for its Miimization

The wastes reported by the interviewees were thltieg wastes due to the improper
layout of the site and also the wastes that erighé process of SLP. Based upon the
responses the SLP wastes are classified below.
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Figure 1: Categories of wastes considered while SLP

Figure 1 depicts the wastes which are anticipatethe stakeholders while planning
for site layout. The identifiable wastes are easyigure out and are considered during
layout planning but since the wastes listed dowiménunidentifiable category are hidden
wastes of the process, which are left unnoticed.

The interviewed experts highlighted a pressing nieetdave some tool which can
make the decision-making task easier and can adptanners in eliminating the
identifiable and unidentifiable wastes. The resmms highlighted the requirement of
such tool as:The task of site layout planning is essential teekecuted properly. It can
be considered to be the foundation task of theeggtogand if not accomplished in a
righteous manner then can result out huge wastesit There would be a loss of
worker’s productivity, equipment productivity, andaterials. Therefore, a tool is
required through which all possible alternativesndae evaluated through permutation
and combinations and all the solutions can be naeéar to all the stakeholders involved
in the task. To this end, the authors have considered theldped typology and have
come up with an approach to tackle the unidentdiabastes involved in the process of
SLP.

CONCEPTUAL TOOL FOR SITE LAYOUT PLANNING

The developed typology indicates the coordinationl @&ollaboration among project
stakeholders as unidentifiable wastes involvechengrocess of SLP and the identifiable
wastes are resultant of an inefficient SLP procéssis, the authors hypothesize that
addressing of the unidentified wastes in SLP caniefte the wastes generated as result
of the process. The planning for layouts of thestauction site requires envisaging the
future scenarios and making decisions based ordélseed objectives. The study by
Cheng and O’Connor (1996) reported the task i9dqo stakeholders with expertise and
have own concerns and interests in locating th@augacilities. The deficiency of 2D
drawings and the dynamic nature of constructios sitotivated the authors to propose a
conceptual tool that can aid the stakeholderspabkng a better platform to collaborate
and coordinate. The tool is defined and proposeditigate the wastes in the process of
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planning site layouts and the resultant wastestaltiee improper planning of layout. The
technologies like Building Information Modeling hawproved its potential in 3D

visualization and Augmented Reality for establighicollaboration in teams can be
employed for the tool. The unification of thesehtealogies will result out an innovative

tool AR-BIM, for collaborating and visualizationnsultaneously. It is anticipated that the
merger of the technologies should not restructine whole process of site layout
planning and therefore the tool would be an aidviaue generation. The construction
industry has adopted the BIM and AR for the cordiom progress monitoring (CPM)

and facility management (FM). Therefore, the prggbo®ol is also expected to achieve
leanness at the project planning phase.

EXPECTED PERFORMANCE OF THE TOOL PROPOSED

The proposed AR-BIM tool is expected to enable do@tion and collaboration among
the project stakeholders involved in the processSSoP. The proposed tool is in the
development phase, and thus the working presemedis an anticipation. The tool will
help in 3D visualization of the site scenarios hperimposition of the digital model on
the real world, utilizing the basic functionality augmented reality. The tool will enrich
the site drawings with the 3D spatial informatiendepicted in figure 2 when brought in
its field of view.

i -

.

)

Figure 2: Visualization of site features through-BRV tool

When the stakeholders will get involved in the dmm making task of SLP, the
visibility of features like site access, terrairdasite surroundings will come to fore and
aid in the SLP process. The adoption of BIM tecbhgyglfor the conceptual tool will aid
the stakeholders from different trades to collateratilizing a common information
model which will enable resolution of conflicts andll bring the process transparency.
The integration of AR and BIM will help out in plaimg for site layouts by
superimposing the BIM models of the site and thguired TFs over the 2D drawings
using the fiduciary marker technique for targetkiag as shown in figure 3.
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Figure 3: Rendering of TFs on the construction site

The AR-BIM tool would be handy for the end users;hsthat it will not restrict the
movement of the stakeholders involved in the SISR.t&he flexibility of moving around
the visualized 3D model in the augmented envirorimgh aid in utilizing the spatial
information available in the BIM model. The tool atso expected to enhance the big
room concept involved in the lean construction byni@ating the delays in decision
making and improving the trust among the stakehslaeolved in SLP.

LIMITATIONS OF THE RESEARCH

The aim of the study is not to generalize the faigdi however, since the study surveyed
top construction companies and experts, the firmlimgre consistent and thus some
inferences had been made. The study is also lintecamining the site layout planning;
further study can incorporate other processeseptbject. Notably, the outcomes in this
study are on the results of the conversation wighdonstruction industry experts. There
iIs an earnest need to do the case study basedratesehich also can ensure the
applicability and effectiveness of the proposed.too

CONCLUSION

The study was conducted to understand the constnusttes’ wastes and the wastes
resulting due to bad site layout planning. The apph was constituted such that the
process of site layout can be made lean by elinmgadhe wastes involved in the process
of SLP and the wastages due to the improper plgnoinsite layout. The experts’
interview helped in identification of the anticipdtwastes by the planners as well as the
wastes that remain unnoticed. To this end, it pgediminary study concerning the waste
of inefficient SLP, and a conceptual tool is praguhsThe proposed AR-BIM tool is an
integrated result of the visualization technologpdaa collaborative tool. The
applicability and adaptability of the proposed toainain questionable and provides the
future scope of research.
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ENVISION OF AN INTEGRATED
INFORMATION SYSTEM FOR PROJECT-
DRIVEN PRODUCTION IN CONSTRUCTION

Ricardo Antunes! and M ani Poshdar?

ABSTRACT

Construction frequently appears at the bottom afdpctivity charts with decreasing
indexes of productivity over the years. Lack ofamation and delayed adoption, informal
processes or insufficient rigor and consistency piocess execution, insufficient
knowledge transfer from project to project, wealojget monitoring, little cross-
functional cooperation, little collaboration withpliers, conservative company culture,
and a shortage of young talent and people developare usual issues. Whereas work
has been carried out on information technology antbmation in construction their
application is isolated without an interconnecteidimation flow. This paper suggests a
framework to address production issues on congbrudty implementing an integrated
automatic supervisory control and data acquisif@mnmanagement and operations. The
system is divided into planning, monitoring, colitng, and executing groups clustering
technologies to track both the project product pratiuction. This research stands on the
four pillars of manufacturing knowledge and leammduction (production processes,
production management, equipment/tool design, andnaated systems and control).
The framework offers benefits such as increasedrnmition flow, detection and
prevention of overburdening equipment or labor (Mur4f ¥ ) and production
unevenness (MuraBf), reduction of waste (Muda #£Ef), evidential and continuous
process standardization and improvement, reuseabsttaction of project information
across endeavors.

KEYWORDS

Lean construction, SCADA, machine learning, LIDARM.

INTRODUCTION

In manufacturing, the operation is constantly maneitl by the supervisory control and
data acquisition (SCADA) system. The system mosjtgathers, and processes real-time
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data from devices such as sensors and camerasdiregc@vents into a log file and/or
displaying the operational information to local Ardremote locations through human-
machine interface (HMI) software. Because the mi@iion is available as soon as
possible corrective actions can be taken almost ddiately. With the current

advancements in computing, intelligent models daa eun in real time to detect future
issues supporting preventive actions. Despite SCAdy8tems and automation being
standard production tools in manufacturing theie us construction is minimal and

limited to isolated equipment.

In manufacturing, the production moves from machmenachine, worker to worker,

or a combination of both. The route of productisriixed (Antunes and Gonzalez 2015;
Hayes and Wheelwright 1979). Thus, the positionsenisors and actuators are fixed and
planned according to the production routes antlatg. Once set, the positions only need
to be modified if the production routes change.cémstruction production routes are
flexible. “Jobs arrive in different forms and reguidifferent tasks, and thus the
equipment tends to be relatively general purposeyéd and Wheelwright 1979).” Some
production routes will only exist long after thegiening of the project by the time that
others would be extinct. Construction must theg o#l general purpose sensors that, as
the equipment, can be used in different applicatibmough the project life-cycle, often,
requiring those also to be mobile. Hence, trad#iomstrumentation (and sensor
positioning) used in a manufacturing SCADA systelosiot work in construction, as the
instrumentation must be mobile.

Building Information Modeling (BIM) can be consi@er as the closest system to a
SCADA applied in construction. BIM is the only sgst in construction that may contain
the production layout. However, BIM focuses mosityproduction planning (Nederveen
and Tolman 1992; Rossini et al. 2017). The mompmand control are still performed
manually regardless of the use of BIM. The producaspect of BIM, as well the general
industry, relies on primitive project managemeraqgtices such as critical path and Gantt
charts [the latter neither being the first nor thest sophisticated production tracking
approach (Antunes 2017; Wesolowski 1978)]. Thessoletbe practices have been
abandoned in the industries with high productiviéyuch as information technology.
Construction occupies the bottom of productivityaith even showing negative indexes
of productivity over the years (National SocietyRibfessional Engineers 2014). Some
common issues are lack of innovation and delayeaptamh, informal processes or
insufficient rigor and consistency in process exiecy insufficient knowledge transfer
from project to project, weak project monitorinigtlé cross-functional cooperation, little
collaboration with suppliers, conservative compamjture, and a shortage of young
talent and people development (Almeida and Sola§R0

Although much work has been done on implementirigrination technology and
automation in construction their application onraegrated flow of information is sparse.
This paper proposes a framework based on the duliterature and technology to
implement automatic monitoring and control for domstion management and operations
that could be useful to address the biggest issafeproduction in construction.
Conjointly, this research uses four pillars of mfaeturing knowledge and Lean
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production: production processes, production mamagée equipment/tool design, and
automated systems and control. The goal shouldcheexaed by both top-down and
bottom-up approaches. The top-down approach witkléa the production system
collecting information about the construction eomment and its changes. The bottom-
up approach will analyze the worker’s activity. Bsing smart-tools, embedded hardware,
Internet-of-things (IoT) and tracking the effort labor can be measured and related to
project progress. The two approaches are stitabgethier by a machine learning engine
which makes sense of the data and the producteoryicomparing what has been done
with the plan provided in the BIM model.

TECHNOLOGY

BUILDING INFORMATION MODELING

BIM is a powerful, yet ‘promising’ tool for the dgs and construction industries.
‘Promising’ standing for both what it can do at firesent and in the future. BIM is still
seen as a new technology in construction despéenitreasing adoption and awareness
of BIM over the years (McGraw Hill Construction Z)INational BIM 2017).

The concept of BIM can be pinpointed back to tharyef 1962 when Engelbart
presented a hypothetical description of computsetlacaugmentation system (Engelbart
1962). The application of computational solutionsconstruction was researched a bit
later

(Eastman 1969, 1973). The research focused on utmmated space planning using
artificial intelligence in the bi-dimensional realnThe term ‘Building Information
Management’ appeared 30 years later (NederveenTahdan 1992) while the first
commercial implementation using this term is credlito ArchiCAD (successor of Radar
CH from 1984 for the Apple Lisa Operating Systehtstorically, it is important to note
that BIM did not derive from bi or tri-dimension@AD. BIM (concept) is contemporary
of CAD development. Nevertheless, BIM as a tooltbupon CAD three-dimensional
design tools for building modelers, which was alyfuleveloped graphical tool for
building modeling available at the time.

The manufacturing industry explored further besetf the tool besides graphical
modeling, in particular, parametric informationtiaology tools (Autodesk 2002). Forms
in CAD drawings evolved to objects with the develgmt of object-oriented
programming languages and their implementation A Gystems in the early 1990's.
Objects can bear graphical and non-graphical inftion bringing advances in both areas.
From a graphical perspective, instead of drawiregneints, one by one the user could
design them separately and insert and reuse obyetite desired location. The group of
lines, forms, and surfaces is interpreted as attinmensional geometrical model of the
element it represents, for instance, a door orrad@w. The non-graphical perspective
gives meaning to that object. The object containftipte graphical information, such as
the drawings of the door opened and closed. Thecblgan have parts, and these parts
can be of different materials with different praojes. The objects may also contain
production information attached, such as cost,rlabchedule, and effort what will give
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BIM means to serve as a planning tool. Furthermchianges required can be done in the
element and automatically replicated where it heenbused rather than laborious one by
one changes. Overall, the reusable objects canrbare details and libraries of objects
could be developed and shared.

VIRTUAL REALITY AND AUGMENTED REALITY

Both virtual reality (VR) and augmented reality (ARake use of 3D models to create a
scene in which the user can freely observe andferact with the models. What set these
technologies apart is how they use the backgroumerevthe objects lie. Virtual reality
fully immerses the user providing a backgroundhe environment. The user has the
perception of being physically present in a nonsitgl world. Conversely, augmented
reality utilizes the real environment as the baokgd to project the models. The user is
partially immersed. Each one has different apgbest Using 3D models, VR can
display a fictional scenario, for example, a fuocing underground subway station even
before excavations begin. AR requires a backgrotim, at least part of the station must
be in place. That is due to the fact that AR respiithe recognition and tracking of
environment specific points for object placemerittBVR and AR are useful as HMI.

LIGHT DETECTION AND RANGING

Light Detection and Ranging (LIDAR) is a remote sieg method, which uses light
reflection to measure distances. The emitter shibetdight (ultraviolet, visible, or near
infrared) which is reflected and then capturedhsy teceptor. As the speed of light,s
known, the time between emission and receptipis, used to calculate the distandg,
from the emitter to the reflector and back to trens®r, i.e.,t=2d/c. An Global
Positioning System (GPS) receiver and an Inertiahdlirement Unit (IMU) provide the
absolute position and orientation of the sensomsTht is possible to calculate the
position coordinates of the reflective surface. @npglementation of LIDAR consists of a
vertical array of emitters mounted on a rotatigulate creating a linear scan that sweeps
the surroundings at each rotation. The result @doad of points which describes the
environment around the sensor. Despite the fattlhleacloud of points provides accurate
measurement; the data does not identify objectsicBHy, this cloud consists af y, and

z coordinates of each point. Making sense of whgitoaip of points is often is a manual
task. Another limitation of LIDAR scans is the ‘slvaving.” Because the technology
relies on reflection, it can make sense of liesirmkla reflective surface or at the non-
reflective surface, such as water. The shadowifegietan be eliminated by scanning the
environment from different locations and thus o&ppling cloud points [once the LIDAR
scans are almost ever combined with Global Positgprsystem (GPS) and inertial
measurement units].

LIDAR has been integrated to BIM aiming to identdgfects (Wang et al. 2015).
That happens by comparing LIDAR measurements ag&ihd model specifications.
Deviations out of determined bounds are then ifledtias defectsMuda —Level II). A
quadcopter (any other carrier is possible, sucanaaquatic or terrestrial drone or even a
backpack) inspects the site using LIDAR (inspectioay also be considerdduda of
over-processing given the idea that the task shbaldione correctly instead of being
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inspected for the approval). In this approach tleéect flag rises without human
interaction, it however does not characterize &trewe system. The first reason is that
the defect will only be detected when (and if) tihene finds the issue, not at the time the
defect occurred. The second is that real-time systeequire a timely response to the
event. A response out of the time-frame often tesalcatastrophic failure. The response
to the identified defect is not time-dependent.ealitime system depends on both the
logical result of the event and the physical insfeatures (Kopetz 2011). For instance,
the quadcopter drone moves forwards when deteatdstnuction in its trajectory (event).
The trajectory correction (response) must happemtimely manner otherwise the drone
will crash.

IMAGE

Image analysis can be an important tool in consbmavith several applications during
the project life-cycle. A simple application care ttiefect inspection, where the inspector
reports the non-conformities by taking picturestioé items out of specification and
which will feed a punch list to be addressed by d¢betractors Mluda of rework). The
pictures are used as evidence of the status afdheconformities detected.

Additionally, because special cameras/lenses/sensan capture infra-red and
ultraviolet, which are invisible to the human ettee collected information can be used
for evaluating thermal and light insulation. Depgdon what the cameras are mounted,
they can provide visual information from specifitgées that are known to be dangerous
for human inspection (e.g., in confined spacesgven impossible (e.g. for the pipelines).
The combination of multiple images provides everraninformation. Aerial mapping,
elevation level, and 3D mapping are some exampl@gich several images are stitched
together. Moreover, the image analysis processbearepeated periodically what will
result in the visual representation of the evolutid a particular area or item over time.
Nevertheless, image do not supply accurate meagsumterto what they represent. To add
accurate quantitative data to images, these caotbined with LIDAR (Fei et al. 2008)
or with sequenced BIM models (Skibniewsk 2014).

CHRONO-ANALYSIS

Chrono-analysis is the assessment of footagesdtuate production. The footages are
captured by cameras positioned around the shop ttocecord an activity done by the
worker(s). The time spent by the worker(s) on gashk of the activity can be measured
by watching the recordings. The tasks are claskifiéo three major categories: value-
adding, non-value-adding but necessaviuda — Level 1), and non-value-adding and
unnecessaryMuda — Level Il). One of the mantras of Lean is “elimiea Muda”
Accordingly, first, the analyst will identify eacdlask that composes the activity. For
instance, the footage of the activity contains régordings of the set-up, the core task,
breaks and the cleaning. Next, the analyst chr@pdgr each task. Then, the analyst plan
on how to eliminate or at least minimize the tirpers on non-value-adding tasks (set-up,
breaks, and cleaning). Then, the analyst plan entbeliminate or at least minimize the
time spent on non-value-adding tasks (set-up, Isteakd cleaning). Later, the analyst
implements the plan and potential solutions. Thalyat's records new footage of the
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activity execution and tracks the time spend ontdéis&s. After a comparison of the times
to the original results, the analyst updates theviac standard with the solutions that
resulted in improvement. Chrono-analysis can ba asdean focused, more detailed, and
evidential implementation of time and motion analydhecaveats chrono-analysis is
usually a laborious process conducted eventuatherahan continuously; the benefits
for tasks with a low level of repetitiveness ar@usicule.

PRODUCTION THEORY

The traditional theory about fundamental mechanisshsproduction in repetitive
processes in construction is at an embryonic stemgkedoes not yet fully establish the
foundations of a production model. The traditioaatl convenient approach to project-
driven production in construction is to rely ondar steady state models. By considering
the transient state, Productivity Function produoesdels that are more accurate in
describing the processes dynamics than the steattyapproaches (Antunes et al. 2017).
The Productivity Function provides a mathematicalndation to develop algebraic for
the calculations of cycle times (average, best- @wodst-cases), throughput at capacity
(Antunes et al. 2018), and the influence of thendient state time in the production
variability (Antunes et al. 2016).

Productivity Function has been applied in feeddaock control yielding a controlling
approach [Productivity Function Predictive Conti®FPC)] that can achieve high
performances even when processes operate closapagity (Antunes 2017). Moreover,
this performance enhancement is higher when PFR@pked to processes in a parade-
of-trades (Tommelein 1998). The PFPC shown to babast approach to plan, control,
and optimize production and supply chain in cormdtom with direct implications to
management practices suchtalsttime. A benefit of PFPC is its focus on minimizitingp
variances of output to the set point or plan. TRMPC can operate satisfactorily even
without an accurate model (Antunes 2017). In pcactithe use of adaptive PFPC
(APFPC) can be useful. This adaptive version esémaa Productivity Function
cyclically within a period; thus, the control redien a model that is accurate to the
current time frame. Therefore, if the productiorsteyn evolves (which is the goal of
continuous improvement) that makes the model obsofdPFPC can relearn the process
and estimate a new model automatically.

Although the Productivity Function can describe ariety of systems (including
multi-variables systems), a structure that can es®monlinear and/or time-variant
systems is required; and respectively, the introdof linear time-varying space-state
models which can also describe nonlinear systerageftheless, the evaluation of these
function from the data is based on the back-profp@galgorithm (Antunes 2017), which
Is @ machine learning tool.

MACHINE LEARNING

Machine learning is the term used to describe la fie computer science where the
machine is trained on how to do a task insteadeiigo programmed. Thus, by being
trained (or training itself) the machine can depeits own way of how to execute the
task (Silver et al. 2017). The training can be ezithssisted or unassisted. Assisted
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training means that the inputs and outputs areigedvto the machine that makes sense
of the conditions to determine the output. For sissd training, only the inputs are
available. That entails enormous flexibility to rhawe learning and its applicability. As
such, machine learning can mix a variety of inpotirses (features) to determine or
classify the output, being capable of performing@e (such as an and operation) to
complex tasks. For instance, it can evaluate lgiyocesses as numerical values to
estimate a non-linear productivity function (Antarz017), or identify and track different
elements at once in a video feed (Gordon et al7R01

FRAMEWORK

The top-down and bottom-up approaches interactingintheory and practice in
continuous improvement loop. This suggestion stamdsvo tenets: observer effect and
Genchi Genbutsuln physics, the term observer effect (Bianchi 20defines the
influence of the observation act to the event. #ans that by observing an event, the
observer may alter the event, and consequentlyfsntitk observation. This effect is also
known in the human sciences, where subjects hamie behavior affected by being
observed. In this sense, the awareness of beingnazs may modify the production
system and its model. Thus, production is constasibtiserved, and the information is
used to modify productionGenchi Genbutsua principle of the Toyota Production
System, which means ‘go to the source and getatis to make the right decision.’ In
this approach, instead of asking for informationlafes the progress status is obtained in
real time from positioned sensors or upon inspadiiom the drones. Next, the machine
learning engine will merge the information (LiDARNages, sensors) with BIM to
identify the product progress and deviations frdma $pecifications (similarly as in the
SCADA). In parallel, the production information g@ress and workers information) is
checked against the production theory and modelsveduate productivity, forecast
conclusion dates and assess corrective actions @BFPC). These two combined and
jointly with the project plan are then presentedthe ‘control room.” Therefore, the
‘control room’ can rely on accurate informationthre decision-making process, which
results in a data-driven continuous improvemenp Igéigure 1).

For instance, if a fixed camera detects that aod@bpbin is being filled at a certain
rate the replacement of that bin can be orderech ftbe control room without the
worker’s requisition (that means eliminating thqusition task MudaLevel 1), the work
stoppage Nluda Level 1l) by waiting that the bin replacement orvimg to replace it
(setup/cleaning, i.e.Muda Level 1). And asMuda decreasesMura also decreases
(Antunes et al. 2016). Similar reasoning works veitippliers. For example, if the casing
were not cemented in place, the suppliers can hi&edbto avoid bringing more to the
site. This integration with the supplier may avd#lda (Level 1) in one or more
situations: inventory - use extra space to storeerttwat its needed; waiting - if the trucks
need to wait around the site; motion - case thektrneeds to go back. Because
information is compiled in the SCADA and centratize the ‘control room’ it can be
accessed and shared with ease, such as in a library
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CONCLUSIONS

Cross-functional cooperation in construction is lavestly because the parts have no
information about what is happening outside thegaa The same can be said about
suppliers. The establishment of the ‘control romentralizes information from the plan,
labor, process, and production. Moreover, oncectivérol-room has information about
the progress of the current and next activitiesioe-it will be able to coordinate cross-
functional activities and supply chain.

Building information security and maintenance mage uthe product legacy
information gathered in construction eliminatingduadant work by analyzing the
building. This work has already been done durinqistwction (reducing over-
processing). There is a compiled log of who did twhéaen and how for every part of the
building including divergences between the origidesign and every change and defect
occurred during construction. There can be extendatails of how the process has been
done (and evolved). The production knowledge hathéu benefits. Especially, due to
the network effect. The network effect adds valaethis framework with use and
adoption. This means that data can be generalizeal broader audience with more
information such as season of the year, weathediton, geo-localization, altitude,
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winds, local culture, diversity, or any other featuHence, future endeavors will establish
the production base-line using historical evidemather than the usual labor/time
relationship.

Using the chrono-analysis continuous assessmemtiyjoivith the data (production
progress and workers effort) from previous project®rmal processes tends to be
eliminated. Better processes are developed andiat@dined. More accurate historical
information is persistent and can be generalizatifferent projects enabling comparison
and continuous improvement methodologies from ptdje project. New builders will be
trained in the benchmark process instead of theatlle been done this for the last
years” (and repeating the same mistakes over aref) aapproach. As such, the
conservative company culture, lack of innovatiod delayed adoption will be addressed
by the marked. Companies will quantitatively assasd qualify the performance of
contractors in previous projects. In an intensivedtparty contracting industry such as
construction, low productivity companies that ofterake mistakes are costly, and
consequently, put at the end of the supplier'sdistlismissed. Construction needs an
increase in the number of builders, but it reathgds builders with better performance.

A more automated construction industry should eepee a set of benefits, such as
better decision-making processes, increase infeomdlow, and increase productivity.
These benefits have a collateral impact on the &kokiety. More productivity means
that more projects can be done using fewer ressuecordingly, more infrastructure
can be built and maintained. It can increase tfaradbility of the housing prices.
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USING BIM -BASED SHEETS AS A VISUAL
MANAGEMENT TOOL FOR ON-SITE
INSTRUCTIONS: A CASE STUDY
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Luis F. Alarcén

ABSTRACT

In recent decades, design and construction havedagecialize, which has gradually
fragmented the industry. This scenario is relevanhospital projects, where a large
number of specialties interact, especially when dperation of the center must be
guaranteed. For this reason, it is essential tacedhe communication time between
workers and decision-makers to respond quicklynexpected problems. The purpose of
this article is to describe the use of Visual Maragnt using Building Information
Modeling (BIM) to deliver task instructions in tHfeeld. A case study of a Chilean
healthcare center is described, whereby througlat¢kiee participation of the consulting
team, the use of BIM-based sheets as visual irigingcwas gradually implemented,
taking as input the BIM product and process modeie most relevant results were the
fulfillment of the initially estimated deadlines thout the delays that historically
occurred in these types of projects and the redmiaii response times for requests for
information. It can be concluded that the use dséh BIM-based sheets directly
addresses the root causes of information managepnaiems in construction and that it
Is essential to use technology within a Lean coltabve methodology.
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INTRODUCTION

Studies of construction projects in the field rdvédaat only 30% of the work is
productive and 70% are used in activities that dbaad value, such as waiting time for
instructions, moving materials or finding the rigiguipment (Elfving 2007); in contrast,
acceptable productive time is 60% (Serpell 2002pdEctivity has been shown to be
strongly linked to the achievement of sustainaltemph and development. In particular,
construction productivity has remained stable fecatles, unlike the manufacturing
industry where productivity has doubled in the sgrmeod (Changali et al. 2015).

Current construction projects are becoming increggicomplex and time-bound and
require a high level of collaboration between tlesign team, the developer and the
project construction team. To successfully carry the project, the team faces the
challenge of coordinating multiple activities arasks with numerous specialists in an
efficient manner, allowing for increased produdtiviand a continuous workflow
(Koskela et al. 2002).

In recent decades, as a result of the growing ocexitgl of projects, design and
construction have had to specialize, leading toamgpl fragmentation in the industry
(Dainty et al. 2001; Love et al. 2002), where thenber of specialties involved increases
in relation to the complexity of the project. Gealbr, design and construction teams
work at different stages of the project, and theteraction is mainly through plans,
technical specifications, Request for InformatioRF[), etc. (Sacks 2014). This
information is dispersed in different documentsthwimited structure and available in
inadequate visual formats, slowing down proceskesjering information flows and
increasing response latency (Mourgues et al. 200¥%).workflow described above does
not respond to the requirements of current projeassthey demand a high level of
interaction requiring new management approachestestthologies to respond to these
challenges.

This scenario becomes even more relevant in refgaftbspital projects, where a
greater number of specialties and their work teamsract, and a high standard of
construction quality is required (Dave et al. 20R§bkowski et al. 2012). In cases where
the project is an extension or remodeling of arsteng infrastructure, the difficulty of
guaranteeing operational continuity without negterthe service provided to the patient
(brownfield project) is added.

To increase agility and respond rapidly to unexgeqgbroblems, it is essential to
shorten the communication time between workers deasion-makers (Hamzeh et al.
2012; Mourgues et al. 2012). There is currentlyvsafe focused on task planning with
visual systems that allow stakeholders to workatmitatively (Sacks et al. 2010).

Typical root causes of problems related to inforaraimanagement in construction
are as follows: (1) information that is not in aswal format, (2) stratified and
unstructured information, and (3) unmanageabletaifprmats. Table 1 shows the root
causes of these problems and links them to thestgpwvaste that is generated (Laine et
al. 2014).
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Visual Management (VM) is one of the key elemenwtsthe correct implementation
of Lean Production, as it provides an easy waynideustand the production information
(Liker 2003). In recent years, there has been amease in the use of Building
Information Modeling (BIM) in construction; it ishérefore interesting to link this
methodology with Visual Management (Khanzode e2@06).

Table 1: Root causes and waste related to infoomatianagement in construction (Laine

et al. 2014)
Root cause Type(s) of waste
Non-visual format: customer and designers cannot perform Waiting, extra processing,
functionality review for the whole building with reasonable effort underutilisation of skills
Scattered information: defects and inconsistencies in the design
can pass the verification and are found when completing the Defects, waiting
work on site
Non-structured information: most of the information is in
documents and therefore representation is fixed to one format Defect, transport
only

Digital format and devices unsuitable for execution: work on-site
is difficult without using printed and laminated blueprint drawings Motion
and any update requires unnecessary work

The use of the BIM methodology with VM would hefpdorrect the waste identified
in Table 1. An example of this is the experiengeoreed in the use of BIM-station onsite.
BIM stations are tools to improve transparency wfoimation in the field for all
stakeholders, where the BIM coordinator keeps thdefs and drawings updated through
a server (Murvold et al. 2016).

The objective of this paper is to describe theafséisual Management using BIM to
deliver instructions on the tasks that must and lmardone in the field. To fulfill this
objective, a case study of a hospital in Chile esadibed, whereby through the active
participation of the consulting team, the use uai instruction sheets was gradually
implemented, using the BIM product and process masleput information.

BACKGROUND

BUILDING INFORMATION MODELING (BIM)

For the purpose of this article, we use the BIMirdgbn given in the BIM Handbook
(Eastman et al. 2011), which defines it as a madediechnology and associated set of
processes to produce, communicate, and analysairguilmodels. Despite these
technological developments, BIM is significantlysseused in execution, where paper
drawings (generated in 2D) still dominate (Murvadt al. 2016). One of the most
common problems associated with 2D-based commumicduring the design phase is
the considerable time and expense required to generitical assessment information
about a proposed design, including cost estimatesrgy-use analysis, and structural
details. (Eastman et al. 2011).
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VISUAL MANAGEMENT (VM)

Correct representation of information can help gaite the complexity of production

systems, even in chaotic and unpredictable prooluanvironments (Kurtz & Snowden

2003). Therefore, VM tools can be a contributionotesite construction management.
Among the benefits of VM are that it directly supigoother management efforts, such as
production management, safety management, perf@enaranagement, and workplace
management (cleaning) (Tezel 2011). In additiom, tise of VM tools increases the

ability to process information and reduces feedbttle for action taking, such that

control can be integrated into execution (AlvareZA&tunes 2001). The use of virtual

tools improves the transparency of planning, b@ngnstrument for collaborative use in

planning and control meetings (Viana et al. 20I®)eir other benefits may include

greater discipline in the workplace, continuousrioyement and work facilitation (Tezel

2013).

INSTRUCTION ON SITE

Workplace communication is mainly based on 2D dngwi and informal verbal
explanations. However, due to rework related toommprehension of design and/or
construction information (Mourgues et al. 2007) esrors due to old, incorrect and
irrelevant drawings (Harstad et al. 2015), low pratd/ity usually is the result. However,
the fast development of information technologiefersf new possibilities for portability
and access to information on construction siteg<tdd et al. 2015), such as the method
of delivering Virtual Huddles information (worksiam meetings assisted by Virtual
Design and Construction VDC -3D and 4D-) (Mourgeeal. 2007); the use of tablets to
achieve communication between design and construgirofessionals (Harstad et al.
2015); the development of an automated method (FNAField Instructions from
products and process models) such that the useproaiice working instructions based
on formats or templates using VDC (Mourgues et@ll2); or BIM stations, placed on
the construction site, where workers can accessnfioeemation they need, having 3D
models available for all (Murvold et al. 2016).

IMPLEMENTATION METHODOLOGY

To achieve this objective, a case study of a heatth center in Chile is described.
Through the active participation of the consultiegm from GEPRO and researchers
from the Production Management Center of the CatRahiversity of Chile (GEPUC),
the use of visual instruction sheets was gradualjylemented, using the BIM product
and the process model as input information. Thee cstsidy was intervention of
consulting team in development of design and canstm of the project, for 18 months
approximately.

The consulting team was tasked with supportingotlieer in project management to
ensure deadlines and quality standards. To guadheefulfilment of these objectives,
Lean and BIM were planned to implement together fanch an integrated project team,
where owner, designers, contractors and consulemid actively participate.
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Using BIM, it is possible to build precise virtualodels of a building, which support
design through its different phases, allowing bettealysis and control than in a manual
process (Eastman et al. 2011). When the modelBresbed, they contain the geometry
and information needed to support the building tmetion and fabrication processes.
The challenge faced by the consulting team was toolaring the information contained
in these models to the field clearly, precisely gottkly.

Through experience acquired in other projects,ciresulting team was certain that
the field workers themselves can provide the bestllback on how to communicate the
information extracted from the BIM models. Therefobased on this feedback and
supported by the collaborative environment of thggzt, different schematics of sheets
were iterated, and testing was conducted to indiofdemation, such as 2D drawings and
3D images.

In the following sections of the paper, the caselgtcontext is described and then a
mixed qualitative and quantitative analysis is préed. The qualitative analysis focuses
on the degree of satisfaction of internal cliemtarticipation and commitment in the
planning and control meetings, the designer-builééationship and the response time
upon request. The quantitative approach focusethdicators of compliance with the
construction deadline and RFI.

CASE STUDY

CONTEXT

The case study was developed in a healthcare cent®antiago, Chile, that initially
opened in 1982 with a total infrastructure of 18,0€’. In 2017, the infrastructure is
more than 237,000 mgrowth that has forced the original services dap to new
capacities. One of these is the hospital kitchesh dgining area, which daily serves 500
hospital beds and more than 4,000 employees. Enigce area of 1,072 mhad to be
remodeled and extended to a surface of 3,040 while maintaining operational
continuity and a strict infection control protocoh addition to complying with an
adjusted work schedule.

The brownfield condition of the project, the nonstence of as-built plans with a
record of modifications made over time and the pofarmation on existing installations
dating from 1982 made the scenario more complek.ti@se reasons, the engineering
designs initially proposed had to be adapted totwhas found in the field during
demolitions, generating multiple versions duringstouction.

Habilitation and construction projects in this lileadre center operated under a
traditional workflow, according to Figure 1. Thestgn team, composed of architects and
engineers, delivered a set of 2D plans and techepecifications in text format to the
construction team, composed of the contractor abdantractors. These documents were
the main communication tools between the teamstoHiislly, this workflow brought
problems of interpretation, lack of information erification of constructability, poor
coordination between the specialties and lengtegarse times, which compromised the
execution of the deadline driven project.
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With this incomplete information, the owner ordebign of the main engineering
works (climate, electrical, sanitary and sewerage}h the goal of evaluating the
technical-economic feasibility of the project, irder to subsequently bid the construction
based on a design-bid-build system.

Parallel to the bidding process, the consultingnteaoved to site permanently to
update information of existing infrastructure itdsiby means of direct observation, as
conditions of constructed building made impossthkeuse of advanced technologies (i.e.
laser scanner). With the updated information, Blldel of existing elements was made,
that when compared with basic engineering designealed incompatibilities and
inconsistencies between them. So, it was necedeaagljust the design to achieve a
buildable project.

As a result, a coordinated BIM model was alreadyplace in early stages of
construction, including existing and planned infirasture. Model that would be used as
a working tool during execution of project.

BIM VISUAL MANAGEMENT PROPOSAL

Given the project scenario and to ensure its ssgcdesvas necessary to change the
approach and introduce methodologies and toolggpand to the problems associated
with traditional design-build flows. To address tesolution of these problems, it was
decided to implement Lean and BIM together as tarradtive to the workflow presented

in Figure 1. Last Planner System (LPS) techniquesBIM models were indispensable

for planning, recording, adapting and coordinatimgjects in real time. The BIM sheets

have been transformed into working instructionsM&chanical, Electrical and Plumbing

mounting.

Traditional Information Flow Lean (pull) Information Flow

Architectural Architectural Architectural Architectural
Design Detailing Design Detailing

Struct.ural Drawings 5““';':'“' Drawings _, Construction Structural || Drawings | Structural .Drawings
Design Detailing Design /Models Detailing /Models

Systems Systems
Design Detailing

Systems Systems
Design Detailing

2D S
Coordination checoldinaton Construction

Legend Building Modeling

Design or General

. Drawings
Supplier Contractor

* Phase planning and
Look Ahead planning

Figure 1: Traditional and Lean (pull) informatidow (Sacks 2014)

The new workflow (Figure 1) and the expanded detegm (architecture, specialties,
client, users and consultants) provides the cocisbru team with a coordinated product
model (BIM), which is the main vehicle for commuation between the teams. The
instruction to generate a BIM sheet comes from edrtbat is identified in the weekly
Last Planner System® (LPS) planning meetings angechout by the integrated project

Pull signals*
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team (extended design team and construction tesamd)jt is based on the work planned
for a given period.

As construction progresses, the on-site buildeesrasponsible for the pull signals,
determining the BIM sheets that will be requiredstgport the corresponding field work
or construction work. Once this signal is emittdte project's BIM team prepares the
sheets for on-site use. These BIM sheets are iatetw provide visual information in a
consolidated and precise way, under a standardtsteuand in a format compatible with
the execution, since they can be printed in a meadalg format (A3) and taken directly
to the field. This addresses the root causes ofewatated to construction information
management, as described in Table 1. The SuppipertProcess-Output-Customer
(SIPOC) diagram of the BIM sheets process is shioviAigure 2.

Suppliers Inputs Process Outputs Customers
Anahyze pull
signak a Q £
Pull signals Update BIM sheet ¢ )
model, if 5 anstruction
Attendees of the necessary team
weekly LPS
mesting
Create BIM
< sheet
S
S )
|
<asgd
Wy
Integrated Add Integrated
design team 8IM model annotation Updated design team

chjects

BItV madel

Figure 2: SIPOC diagram of the BIM sheets emispia@tess

Each sheet is presented in an A3 format which aosita series of drawings and
images obtained from the updated and coordinatedl Biodel. Generally, the
information contained on these sheets consistsfloba plan, 3D images and sections to
effectively communicate the solution of a complextsr of the project (i.e. Figure 3).
The elements included in each A3 sheet were defaidtie weekly LPS meeting and
respond to specific requirements of each sectspecialty.

BIM sheet contains different 3D images and 2D drawsj depending on the need of
each subcontract. The previous work of coordinativegdesigns of the specialties in a
BIM model and its previous verification with thestallers in the weekly meetings,
ensured that in addition to compatible and erree-fdesigns, A3 sheets were obtained
with the specific information requested by thoseowiould use them.

This experience was the first incursion of the ¢autsion company in the use of LPS
to manage planning and BIM for the coordinatiorspécialties, so in conjunction with
the consulting team was chosen to use simple na@ahsot too disruptive.
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The final evaluation of the construction compankent, designers, suppliers and
subcontractors was positive, highlighting that theghieved greater reliability in the
construction processes and certainty of deadlihesan interview at the end of the
process, 76% of the respondents stated that thefube cards was decisive in saving
time in the field. 46% stated that they had intezdadirectly with the model on some
occasion to resolve conflicts virtually. Finally7% consider the BIM model and the A3
sheets as a fundamental communication tool iniéhe. f

Considering the initial conditions of the projectdathe uncertainty at the time of
construction, a large amount of RFIs could havenlgsmerated, which would have led to
continuous review and clarification of problems.thVthe proposed methodology, the
number of RFIs was significantly reduced, as thebl@m-solving was carried out in the
working meetings with the integrated team, recoritethe BIM model and taken to the
field in a sheet format. Fifty-six BIM-based sheetsre generated in addition to the
traditional construction documents (plans, techHnmecifications, RFI), during the
execution of this project over a nine-month period.

The BIM sheet (Figure 3) was used as a systemaimnwnication tool for
coordination of specialties and conflict resolution site. The process and solution
embodied in the file, brought together the effatsll actors promoting a collaborative
climate and committed to work, achieving greataegnation of the end user, who
contributed with their operational experience tgiove efficiency in the life cycle and
not only during design and construction.

o

Planta Cocina Pacientes
18

' CoteB-B Corte D - D'

) o

Ficha de: Coordinacion || Proyecto: Cenlral de alimentacion || Ficha: COORDO0S

S.GEPRO

Especialidad: Clim/Elec || Contenido: Clima cocina pacientes | Fecha: 06/02/16

Figure 3: Example of a BIM-based sheet

Among the quantitative data, the estimated deasllioe execution of the work were
met without delays. This should be considered aess because in similar projects
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previously carried out by the same client, the ggbschedules were exceeded by 50%.
Further, without the proposed methodology (Figune it was unlikely that the
information required in the LPS meeting was avaddaim due time, whereas when
implementing the integrated team methodology, pigihals and work instruction sheets,
the information was available just-in-time.

CONCLUSIONS

From the case study we concluded that the use MftBbls or instruction sheets alone
does not guarantee success, time related benefigslaction of rework. It is necessary to
use a collaborative working methodology in whicke ttvork processes follow the
principles of the Lean philosophy. This is fundataém complex brownfield projects
with multiple and numerous specialists. The useheke sheets directly addresses the
root causes of construction information managerpssttlems and of the main waste. For
example, the tab visually consolidates informatideletes waiting for information, extra
processing and defects. This workflow makes semg&ojects where the design stages
overlap with construction, better known as FastEKrprojects, because the information
must be handled in a just-in-time way.
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MODELLINGAND SIMULATING TIME USE
OF SSITEWORKERSWITH 4D BIM

Ruben Vrijhoef!, Jan Tjerk Dijkstra? and Alexander Koutamanis®

ABSTRACT

This paper presents a research endeavouring tolsitelevork in a 4D BIM model. Next
simulations are performed with this model in 5 sc@s including specific interventions
in work organisation, notably changing positonsfaxilities for site workers. A case
study has been done in a construction project e Netherlands. The research has
showed the possibility to model time use of sitekeos in 4D BIM. Next the research
has showed potential to perform and calculate §pedaiterventions in the model, and
prospect realistic changes in productive time gs& i@esult.

KEYWORDS

BIM, time use, simulation, site work, labour optsaiion.

INTRODUCTION

Building Information Modelling (BIM) has proven tdave several benefits in
visualisation, automatic generation of drawings,decoreviews and construction
sequencing (Eastman et al 2011; PapadonikolaKi 20%b). In terms of planning, BIM
can be used to do four-dimensional modelling. Adcay to Doloi (2013), one of the
attributes that influences the cost performanceomstruction projects at a high level are
planning and scheduling deficiencies.

With labour productivity on construction sites beem 40 and 50% it is relatively low
compared to other industries (Aziz & Hafez, 2018tkdes & Ahmed, 2011). Whereas, in
the Dutch construction industry labour takes ugat80% of the total construction costs
and is therefore one of the largest expenses (dbah & Nojedehi, 2013).

The improvement of labour productivity can have atages for the profit of
contractors and lead to lower costs for the cli¢htsstman et al. 2011). Problems that
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contribute to this low labour productivity are far large part related to waste and
inefficient organisation of labour, materials amghipment.

RESEARCH PROBLEM STATEMENT

The problems causing low labour productivity aresthorelated to time and place
planning flaws. Different solutions can be found dolve these problems. Currently
building information models are mostly used in tlesign and engineering phase of the
project combining the data of different partieinne model. 4D building information
models provide the link between space and timet(i@s et al., 2011). If time use by site
workers could be modelled in a 4D model, it couédphclarifying solving part of the
productivity problem. In a 4D building informatianodel the 3D data should then be
linked not only to the schedules but also to sitekwnformation and show various types
of time use, productive and unproductive (Eastntal.£2011).

RESEARCH OBJECTIVE

The first goal of the research is to provide insigiio site labour and movement of
workforce with a 4D building information model. Bhfocuses on how to model and
visualise the element of site labour and movemenhts/orkforce into a 4D building
information model. The final product of this partllwe a framework that describes
which data is needed to properly model the labowur movement of workforce; how to
accurately model this into the 4D BIM; and how than be visualised within this 4D
model.

The second goal is to provide insight in the possDf certain interventions with 4D
building information modelling. This is to find irwhtions of the increase of the amount
of productive time on construction sites by simulgtinterventions that reduce walking
distances and waiting time particularly. The resfiltthis part provides insight in the
effect of interventions that might increase thedpicive time based on simulating
interventions in the model for instance changirgplace of an elevator or toilets.

CONCEPTUALISATIONOF TIMEUSEON SITE

Productive time is well connected to output anddpmtivity. If the productive time is
known the output of construction can be calculateat. instance, waiting and walking
time is also related to productivity. Productivithay therefore improve when waiting and
walking times are reduced, since the available yetide time is increased (Thomas et al.,
1990). However reducing waiting and walking timeeglmot inherently mean an increase
of productivity in itself but increases the avalabme the workforce has for working.

This contrasts to waste as seen as activitiesdinatot add value to the client’s end
product. More specifically it can be defined intalve adding and non-value adding
activities. Value adding activities are those, whaonvert materials and/or information
in the search to meet client’s requirements. Ndnevadding activities, those which are
time, resource, or space consuming, but do notvatice to the product (Aziz & Hafez,
2013). Vrijhoef (2016) and Eaton (2013) show tin&t activities can be divided into three
categories.
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Working time within this research is the time therlforce may use for value adding
but also for non-value adding work. This means patisle as well as unproductive work
time, or activities connected to work and work oigation. Besides time categories
waiting and walking are distinguished as non-wogkitmes. So in this research the
activities are divided between walking, waiting awdrking. However this does not
necessarily relate to productive versus unprodactor value adding versus non-value
adding classifications (Figure 1). The researchndicative though form also these
classifications.

Productive (47,0%) Productive (41,8%)
General instructions (4,2%) Charging batteries (2,0%)
Others (3,5%) _ Handeling/changing hand tools (3,1%)
Working time Measuring (3,5%) Other waste; shovelling snow; removing tarps; streching cords (7,1%)
Cleaning (3,1%) 7 Change of tasks; start-up and clean-up (9,2%)
Personal needs (0,6%) Locating tools/ladders (3,1%)
Rework (0,4%) Locating materials (4,1%)
Transporting (13,7%) Transportation; moving equipment; walking; using vehicles (,2%)
Walking time
Traveling (6,0%) Travel from and to lunch (3,1%)
Waiting (9%) Morning coffee break (4,1%)
Waiting time Idle time (6,8%) Restroom visits (4,1%)
Resting (2,0%) Waiting for instructions or materials (9,2%)
Alarcon (1997) El Asmar (2012)

Figure 1: Division of working, walking and workirigne, compared to prior
classifications of time use on site (Alarcon 19BIFAsmar 2012)

RESEARCH METHOD

RESEARCH DESIGN

The exploratory design is chosen to conduct tresaech. According to Fellows and Liu
(2015) the exploratory design is to test, or explaspects of a theory. As this research
look into the extent in which a 4D building infortitm model can provide insight in
labour and movements of workforce and can helpdacate potentials for the increase of
productive time, further research has to find otmatvthe actual change in productive
time when this framework is applied. Because theotétical framework that largely
derived from an in-depth literature study, providles theory behind the research. This
theoretical framework acts as a guide for whichaldes to collect, adopt and analyse.
Since this research is mainly focussed onto a sigghstruction project and does not
provide concrete number, qualitative research eseh as the overall strategy.

Enabling Lean with IT 157



Ruben Vrijhoef, Jan Tjerk Dijkstra, and Alexandeukamanis

CASE STUDY

The case used for the data collection within tesearch is the construction project of
‘het Noordgebouw’ near the central station of thg Otrecht in the Netherlands. This is
a building of 23,000 m2 that will accommodate affc dwellings, retalil,
restaurants/cafes and a hotel. Within this constm@roject the main contractor is using
a BIM model which is enriched with the models obsontractors. Besides materials to
the project are delivered JIT based on daily waakkages shipped from a central hub
facility.

Because the construction project itself is reldyiiarge this research will narrow
down for the time use modelling on one subcontrac& interior walls. This work is
consisting of multiple components of metal studlsvabvered with plasterboard and all
the wiring and electricity in and on the wall.

4D BIM MODELLING

The particular aim of this research aimed at maugkhnd simulating time use on site has
required a 4D BIM modelling. In addition in the eastudy a 4D model had been made
for various operational aspects of the project.

With the 4D model both the temporal and spatialeatgp of a schedule had been
presented, and this way of communication appearetk reffective than a traditional
Gantt chart. Second, the 4D model provided a bdsis multiple stakeholder
communication. Third, it helped planners with didgistics, coordinate access to and
from the site, and locations of large equipmerg ltkkanes. Fourth, it helped to coordinate
the trades on the project. It assisted planneis thigé coordination of expected time and
space flow of trades on site as well as the coatitin of work in small spaces. Fifth,
project managers could compare different schededsgy, and quickly identify whether
or not the project was on schedule.

Added to the 4D model Dynamo is the software uséHbinvthis research to model
and calculate the additional data to identify timaet use. Dynamo is provided by
Autodesk and is based on visual programming. kteseits own geometry and reads and
writes to external databases. Revit has been usetthea database of the parametric
geometry to and from which Dynamo was able to watel read the data needed
(Sgambelluri 2014).

MODELLING WALKING PATHS

The simulation and analysis of a dynamic subjéa, pedestrian circulations, relies on a
representation consisting of a number of intereglatomponents (Table 1).

Two types of modelling walking paths have been mered: Euclidian distance and
City-block distance. The Euclidean distance, aksited straight-line distance is a metric
is inspired by the ‘distance on the ground’ (Pamlget2013). The Euclidean distance is
based on the Pythagorean theorem. The city-blods ube sum of the x and y
coordinates. This is often called the Manhattanrimets it is relating to the walking
distance ‘around the block’ (Sarstedt & Mooi, 2Q14)the research of Manning, Kahana,
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and Sekuler (2006) they found that when a direth papossible theoretically, still the
most realistic path distance is equal to the cloghk distance. Therefore, the city-block
distance is a better representation of a real wstlchtion and use in this research.

Table 1: Route analysis data (Koutamanis et a1 p0

Data Operationalisation

Starting point The location from where one or multiple actors depart. In buildings, the centroid of a
space can be seen as starting point or a doorway. Multiple starting point indicate an
aggregation of routes.

Destination The endpoint of an actor, the place it wants to end at. Multiple destinations are not
necessarily product of aggregation, a route can also have intermediate destinations
such as stairs and elevators.

Path The path has a starting point and destinations which can be complemented by
intermediate destinations. The path can be the actual path or an approximation of it.
Means of How movement is achieved along the path, this includes the speed the actor travels at
transportation and the capacity of these means.
Activities These are the activities that take place along the path. Two options appear: activities

related to the transportation; or the intervening opportunities, such as relations to
other routes, activities and actors.

IMPLEMENTING THE MODEL

As basis for the final model a backbone had beeluckr from the Revit model of the
case project. Next the construction site lay-out @amiting and working times in spaces
had been added (Figure 2). The next step was totheapoms and the room locations
with their coordinates. With the coordinates of thems the lines of the walking paths
and distances were calculated. The vertical distangether with the means of transport,
and the average speed related to that mean ofptrengives the time needed for the
vertical travel.
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Figure 2: Visualisation of the benchmark simulatiothe case BIM model

SIMULATION OF BENCHMARK AND INTERVENTIONS

A total of five simulations were performed withimig research. The benchmark
simulation was the real situation in the case ptoj@ addition four virtual interventions
were simulated: extra elevator; toilets on levelsyator to corner; elevator near work.

Table 2: Overview of performed simulations

Type Description
Benchmark Simulation with the characteristics which are similar to the current construction site
lay-out and typical workday

Intervention 1: The capacity of the elevator is doubled, from one to two elevators. Assumed is that

Extra elevator this intervention decreased the waiting time for the elevator by half.

Intervention 2: This intervention eliminated two up and down movements per typical workday.
Toilets on levels Achieved by placing toilet on every level of the building.

Intervention 3: The elevator and staircase relocated from the centre of the building to the corner of
Elevator to corner the building. This should decrease the walking distance on ground level.

Intervention 4: The elevator is relocated from the front side of the building to the rear side, next to
Elevator near work the workspace. This reduces the walking distance on the building levels but

increases the walking distance on ground level.

RESULTSINTHE SIMULATION

Of all categories, the working time stays constanmtong all categories. The other
categories do change due to the simulations. Time siithose categories is called
‘travelling time’ i.e. the sum of horizontal citydek time; vertical time by elevator;
vertical time by stairs and waiting time are preedrin Figure 3. This figure shows the
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results of all changeable categories during simanatper level. The time calculations
due to interventions have been based on changistgndies multiplied with known
speeds of people and elevators, and reduced waiticese of additional elevators.

From Figure 3, the following trends can be obser¥adt, for all simulations a large
difference appears between level 4 and level 5.cWhn fact is the result of the
contractor’s elevator policy saying the elevatar oaly be used from level 5 and up. Till
level 4 using the stairs is mandatory for all st&kcond, the increase of time per
simulation is progressive as the level rise. TBighe result of previously mentioned
reasoning, that with a higher level the verticalvél time increases. Due to the fact that
the travel time is a product of vertical heightirihcomparing the different interventions
with the benchmark results in the following ranking

Intervention 4 is the only intervention that resuh longer travelling time than the
benchmark; 1:02 minutes longer in average per I&gtond is Intervention 3. Which is
only slightly better than the benchmark, with aerage improvement of 1 second per
level. Third, is Intervention 1, which has quitelifference compared with the previous
two interventions, of 21:38 minutes in averagelpeel. Fourth, the intervention with the
largest improvement and difference from the benckmia Intervention 2. This
intervention reduces the average travelling timel@eel by 33:28 minutes.

2:34:06

Figure 3: Total traveling time (sum of city-blogkie; vertical time by elevator; vertical
time by stairs and waiting time) for all five sinatibns per level of the building

Level 2

ANALYSISOFTHERESULTS

Further analysis of the ratio between walking, wagkand waiting showed that the share
of working time varied between 62,3% and 70,4%.uldip when comparing this to the
real activities performed by the dry-wall contracémd its crews it appeared not to be
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comparable with the realistic productivity figurdeund. Remarkable differences
appeared between the three crews of the dry-watkactor.

Comparing this to the construction schedule theaeavas found that the three crews
performed different construction activities in ddzh. Crew 2 and 3 in particular
performed many more construction activities thawcluded in the working time
calculations. This had to do with the fact that thrg-wall contractor was not only
building the walls but appeared to be installing tleilings as well. Therefore, the second
and third crew are also working on the ceiling atider activities as well. This would
have resulted in a larger share of working timecfew 2 and 3 in particular. Crew 1 was
mainly building the metal-stud walls and therefoeme closest to the calculated total
working time (Figure 4).
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Figure 4: Average share of productive working tipee simulation

The differences between the different simulatiaigw that the Intervention 4 seems
the least effective in improving in productive winidg time shares among all crews. It
even seems to reduce the productive time sligi@gcond is the Intervention 3 which
improves the productivity just a small bit, butstalmost equal to the benchmark. Third,
is the Intervention 1 which shows the second beptovement of the share of productive
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time. For the total productive working time the moyement is approximately 3.5%.
Fourth, the best improvement would be achieved yappl Intervention 2 i.e. an
improvement of approximately 5.5% of the sharerofipctive time.

DISCUSSION

When looking at the approach to productivity in @efhthe working time is divided by the
total time. The working time has remained consthming all simulations. Improvement
have been found in the increase of the share adustive time, when the share of
walking and waiting time were reduced with the imaémtions presented.

The order in which these rooms are modelled isemtlip debate, because of two
contradictory reasons. First, the model presentiéainmthis research is meant to be used
in the early stages of a project. Within the eathges, it is generally hard to tell which
subcontractor is going to execute the job and wisbperational process is going to be.
Second, during the early stages of the construgironess, uncertainty is high (Winch,
2010). Thus, the typical workday can help genecatgainty. As the typical workday is
used as part of the model to help make decision®irthe construction site lay-out, it
helps to provide information within the process.

Within the model of this research, the horizontalking distances are drawn on the
ground level or on the different levels of the dinp. Excluded from the current model
are the walking lines on the building levels, dm.the place where the materials are
stored, or where waste is collected. This woulddase the walking distances of the
construction worker and makes this category ohtleelel more prominent.

Within this research the working time, which is sst a constant, is used to gain
productivity numbers that can show this producyiviiicrease. Without the working time
the different simulations can be compared with eattter to show which construction
site lay-out is the most productive, since the nhéalmisses on the decrease of time used
for waiting and walking. Nevertheless, the impocgarof the working time can be
explained when different projects want to be coragaiVithout the working time, no
productivity figures can be presented, and it bezohard to compare different projects.

The ratio between walking, waiting and working tima¢io is used to compare the
results of the simulations with the data found iterature. Items categorised are for
example ‘locating tools and ladders’ or ‘locatingterials’ which are categorised under
working time. It can be questioned if this does Ibelbong to walking time, which would
increase walking time by 7,2%.

CONCLUSION

Currently, no modelling exists to provide insightwalking, waiting or working times of
construction workers, or to visualise their movetagwaiting and working times. This
model is a first step in providing this insight, iashows how simulation can be done
which generates figure on walking, waiting and wagktimes of construction workers.
Furthermore, it generates visual images which pi®even more insight the movements
and waiting times of construction workers.
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Providing this insight shows indications and locasi of non-value adding activities.
This helps to indicate potential interventions ezmase the amount of non-value adding
activities. This would increase productivity in ey of the ratio between value adding
and non-value adding activities, when addressimgpbtential to increase and use the
additional available working time in a productivammer on construction sites.
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TOLERANCE COMPLIANCE
MEASUREMENT USING TERRESTRIAL
LASER SCANNER

Saeed Talebi’, Lauri Koskela?, Patricia Tzortzopoulos®

ABSTRACT

Terrestrial laser scanning (TLS) provides remotesisg and a quick and comprehensive
technique for deviation analyses. Its application precision surveying purposes is
becoming a common practice. There are many intertignt parameters that determine
whether the accuracy obtained during the dataaadie and registration is appropriate to
perform deviation analyses. Also, the accuracy e¥iation analyses is reflected on
visualisation/demonstration of results. Howeveg, fihcus of previous research works has
often been on either data acquisition, data registr, deviation analyses, or visualisation
of results. The research described in this papesalmates and formalises the existing
methods in the literature and practice for datauesiiipn and data processing. In doing so,
the aim is to develop a holistic method termed feslee Compliance Measurement
(TCM) using TLS to obtain results from deviationalyses with the desired accuracy.
Moreover, unlike the previous research works thainhg focus on assessment of flatness
of surfaces, the appropriateness of the most comaigarithms for assessment of
different types of geometric variation is explor@tie results show that the application of
TLS and commercially available software are velsatiithough not complete for
analyses of different types of geometric variation.

KEYWORDS

Laser scanning, deviation analyses, data acquisitiata registration, visualisation of
deviation maps, demonstration of deformation amaygeometric variations, enabling
Lean with IT.
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Tolerance Compliance Measurement Using Terreskréealer Scanner

INTRODUCTION

Fixing defects associated with tolerances is tim@saming, costly and onerous (Milberg
and Tommelein 2005). In spite of increasing cadiswaste reduction and an improved
quality of buildings, Forcada et al. (2016) estien#ihat tolerance-related defects are
amongst the most common and recurring defects mstoaction projects and make up
more than 9 percent of the overall number of defe@ne of the factors that can help
minimise defects is to improve inspection methodsduby surveyors and engineers
(Yates and Lockley 2002). More specifically, deteassociated with tolerances, called
tolerance problems hereafter, can be mitigatedhaynging the inspection techniques and
gaining better control of the magnitude of dimensicand geometric variations (Landin
2010). Conventional inspection methods use sampgiogniques (Phares et al. 2004),
some of them are limited to the need for surfacgam (Bosché and Guenet 2014), and
they depend on inspectors’ subjective assessméniisef al. 2011). However, the use of
conventional inspection methods has remained tiomswming, laborious, and therefore
ineffective, although some of them are relativalguaate (Phares et al. 2004). As a result,
such methods often cannot identify tolerance problearly and comprehensively during
the construction process (Akinci et al. 2006) aesliits obtained from them may not be
reliable (Phares et al. 2004For instance, when assessing the flatness of densiabs

by using the total station, only a few points reerging the whole surface are collected.
The elevations of the collected points are meastoetbtermine their vertical deviations
from the nominal elevation (Tang et al. 2011). Suokthod gives an incomplete and
sometimes incorrect understanding of the achielegddss to surveyors because surfaces
that have higher deviations than permissible limitsy not be controlled (Bosché and
Guenet 2014). Communication of surveying resultgialkd from conventional methods
is another problem area as inspectors may havereiiff approaches to report the results
(Anil et al. 2013). The lack of an effective stardlanethod for communication may
result in misinterpretation among project particigza(Phares et al. 2004).

The terrestrial laser scanner (TLS) has been prawebe useful for a variety of
applications including deviation analyses. Variousthods for: (a) data acquisition (e.g.,
Wilkes et al. 2017), (b) registration (e.g., Olsdral. 2009), (c) deviation analyses (e.qg.,
Holst and Kuhlmann 2016), and (d) visualisation/dastration of deviation analyses
(e.g., Anil et al. 2013) have been proposed. Howexaeview of the literature reveals
that there is not any current research work thap@ses a holistic process consolidating
these four independent fields of research for nmaaggeometric variations. To improve
the accuracy of data registration and data anglgsesto improve the interoperability of
results, it is suggested to have a formal processifically for measuring geometric
variations using TLS. Such a process must be mpligtat is it should start from data
acquisition and extend to visualisation/demonsiratdf analyses. This is because the
accuracy of deviation analyses depends on the \atgy id collected and registered; the
accuracy of deviation analyses is also reflectedisnalisation/demonstration. Hence, it
IS not a sufficient practice to consider these stedependently, especially when using
them to measure variations that require a highllezaccuracy. Moreover, most of the
existing research works in this realm of reseaneh about the assessment of surface
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flatness, whereas the capability of existing conuiadly available software for deviation
analyses can also be used to assess other tygesroktric variations (Nahangi and Haas
2014). Here the question arises: What method ofatiem analysis is most suitable for
each type of tolerances? This question can be sskehlaf types of tolerances are well-
defined and they are associated with different oathof deviation analyses.

The topic of tolerances should be investigated ftbenlean construction perspective
(Milberg and Tommelein 2005). This research emplays of the foundational elements
of lean which is process standardisation. The swalshtion of the best-known practice
helps to maintain a regular timing and output of torocess (Liker 2004), and to
continually improve the design of that process (Viloknand Jones 1997). This paper is a
first attempt to propose a standardised processeteiTCM using TLS: (a) to provide
practical recommendations for capturing 3D data, gbereby facilitating registration of
data sets, (b) to propose a minimum viable workffomdata registration by which a high
level of accuracy can be obtained, (c) to explagr@priateness of common methods of
deviation analyses available for each type of tolees, and (d) to explore effective
methods for visualisation/demonstration of the itssu

LITERATURE REVIEW

DATA ACQUISITION AND REGISTRATION

Two main parameters that impact the accuracy & skits during data acquisition are: (a)
distance, and (b) resolution setting (Kim et all20 Scans with common targets and
data should be aligned and merged to create a etenphage of the scanning domain
and to achieve registration with the desired aayu(®lsen et al. 2009). Scans can be
aligned together by applying either direct or iedir georeferencing methods. In direct
georeferencing methods, targets with known cootdsare used. Coordinates can be
obtained through the total station. In indirect géerencing, software aligns the scans
based on common data in neighbouring scans (Olsah 009). The final registered
data is a set of points with known X, Y, and Z aboates (Kim et al. 2014).

DEVIATION ANALYSES

The most common algorithm to measure deviationssuanfiaces is as follows: (a) a
reference plane is set up, (b) data noises are therwed, (c) the deviation between the
points acquired and the reference plane is compateati (d) surface regions, where their
deviations are larger than the threshold specifigdhe user, are detected (Tang et al.
2010). In this algorithm, the reference plane isugeby fitting the best primitive shapes
or triangulating the point cloud data set (Olsenakt2009). One type of deviation
analysis is deformation analysis of the structarambers. The deformation analysis can
be performed in two ways: (a) the deformation ia sirface of an object is determined
from a given reference plane. The position andnéaigon of the reference plane can be
either based on the nominal parameters in desigits gosition and orientation are
estimated as part of the deformation analysisth&)surface of an object is scanned twice
or more times. The deformation is determined by matng the deviation between the
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position and orientation of surfaces at differeaings in time. The reference surface in
this scenario is defined by the first scan (Holst Euhlmann 2016).

VISUALISATION OF DEVIATION ANALYSES

Once deviations were computed, they can be visdiis several ways by generating a
colour map. There are two common categories ofuroipaps: continuous and binary
colour maps (Anil et al. 2011). The focus of thegpr is on the continuous colour map.
In this type of visualisation, a colour to everyw@ion value is assigned according to a
gradient colouring range (Anil et al. 2013). Thentinuous colour map itself can be
either signed or unsigned. This paper utilises forener method, in which different
colours are assigned to distinguish between pesiénd negative deviations (Anil et al.
2011). The reason behind these choices is thatutiers believe they are more effective
in practice.

DIFFERENT TYPESOF TOLERANCES

Talebi et al. (submitted) propose a method termezbn@&tric Dimensioning and
Tolerancing in Construction (GD&TIC). The ultimageal of this method is to develop a
common language to facilitate the communicatiortodérance information throughout
the design, construction and inspection process&T30O specifies the permitted
variations in size, form, orientation and locatiohfeatures on a component. Also, it

consists of a total of six characteristics thatespnt the types of tolerance (Table 1).

Table 1: Tolerance types, their characteristicd,thmir applications

(Talebi et al. submitted)

Type of Tolerance

Characteristics

Applications

Form: It establishes the
shape of a surface.

Straightness: It represents how straight a
surface is on a feature along a line.

It is used to control the beams and
columns that are prone to deformation.

Flatness: It demonstrates the amount of
deviation of flatness that a surface is allowed
to have.

It controls the flatness of a floor slab.

Orientation: It describes the
relationship between
features and datums at
particular angles.

Perpendicularity: It is a condition used to
ensure that a surface centre plane, or axis is
exactly at a right angle relative to a reference
plane.

The Perpendicularity Control should
mainly be used for components for
which plumbness tolerances are a major
concern.

Parallelism: It limits the amount of variation
allowed over an entire plane, from being
parallel to the reference plane.

When two surfaces should maintain
constant distance, the Parallelism
Control is used.

Location: It establishes the
position of the feature
relative to a datum.

Position: It is the location tolerance of a
feature relative to its nominal position.

The Position Control is mainly used for
three purposes: (a) to control the
location of components such as
columns and beams, (b) to control the
distance between those components,
and (c) to control the coaxiality between
those components.

Profile: It is the outline of a
part feature and the True
Profile is the exact profile of
part feature.

Profile of a surface: The Surface Profile
Control limits the amount of variation that the
surface of a feature can have in relation to its
True Profile.

It is primarily used to control the level of
surfaces
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METHODOLOGY

The paper consists of a review of the literature eollection of empirical data. Previous
studies in the realm of data acquisition using Td&a registration, deviation analyses
and visualisation were investigated. The field aeskeer (lead author) observed the
practice of a firm delivering 3D laser scanningvgees for two days and the practice of a
software vendor company making applications fooau#ted deviation analyses for three
days. The aim of these observations was to unaerstdatively advanced practices from
data acquisition to visualisation of deviation gsak in the industry. Also, the empirical
data was collected by scanning a building and a&laurse. All scans were acquired by
FARO Focus 3D X130. The 3D data sets were reguteieng the FARO SCENE
software. The deviation analyses were performe¢ainthe FARO SCENE software with
deploying a plug-in application provided by a thpdrty, and (b) CloudCompare, an
open source software. A manual registration methitid the aid of targets was deployed.
A total station was used to obtain the coordingtgesn for the reference targets. The
standardised process for TCM using TLS is propdsasked on the literature review,
empirical data and experience of the field reseatch

PROPOSAL: TCM USING TLS

In order to measure and visualise/demonstrate ge@mariations more effectively, this
paper proposes a standard approach for TCM usit®) The proposed approach has four
standard steps to be followed (Figure 1).

Scan map

-TLS - Target-based registration - Type of‘tolerance in question
- Targets . - Target-less registration - Sole point cloud analyses
- Total station | Acquisition of 3D - Point cloud versus point
—_— 3D data sets
data sets cloud analyses
Al Registration of 3D l Visualisation/ demonstration
Point cloud
data sets - methods
Deviati Deviations of
) A2 Evauon characteristics l
- Planning the scan path analyses I y
: : Visualisation,
- Using total station to have 3-4 T A3 demonstration of |- Deviation maps
reference targets with the actual Following the minimum T deviation - Deviation reports
: ) —
coorcl.\nate system . viable workflow for analyses
- Setting quality and resolution registration of data sets - Finding correspondences A4
parameters - Computing distance [

- Placing targets and scanner between correspondences

optimally - Continuous colouring

- Signed deviation maps

Figure 1: The proposed tolerance compliance meamneusing terrestrial laser scanner.

ACQUISITION OF 3D DATASETSUSING TLS

The first step in the proposed TCM process is tjuae point cloud data sets using TLS.
This section recommends the best practice to aehie® highest accuracy. Successful
registration of 3D data sets within the deviatidn3omm, which is a reasonably high
accuracy based on the observed practice in thesindby the field researcher, much
depends on the acquisition of 3D data sets.

Scan map

Planning the scan path in advance is important.sSthe map consists of a floor plan that
demonstrates the scan positions with the correspgretan numbers in the field. The
scan map is useful to help plan the scan path ioptimum pattern (i.e. zig-zag pattern)
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and optimum distances between scan positions. Haratords, using this method will
help the operator realise which scans have ovarigpmnd common data, and
accordingly which scans should be grouped intaatel tree. Not planning the scan path
proactively using a scan map may result in illogsan positions, deficient registration,
and eventually inaccurate as-built data sets. Eigushows an example of a scan map.

Reference targets

In the proposed TCM process, it is essential tceh@mwoordinate system in the as-built
data set to ensure that the deviation analysedwitierformed on a correctly levelled and
sized data set. To apply the coordinate systemjnmity three and preferably four
reference targets (i.e. black and white checkerboarsphere) should be used. First, the
position of targets should be marked on the scap: (& to ensure that there is a
triangulation for the targets because only thisngetoy leads to levelled and sized as-
built data sets, and (b) to demonstrate that &t leae scan position will capture the
targets. The yellow marks in Figure 2 show the tomsiof four targets in the scan map.
The targets then should be placed in the fieldbtAltstation should be used to have those
targets set up with an actual coordinate systemingahe coordinate system associated
with the targets, the as-built data set can baatigand rotated to a correct size according
to the reference coordinate system.

e

Figure 2: An example of a scan maB demdnstfét-ieg;dan path (blue lines), position of
scans (red numbers), and position of the refertargets (yellow marks).

Quality and resolution parametersin TLS

The basic parameters of quality and resolution khba correctly selected to obtain an
accurate as-built data set. Having higher resalugiod quality can increase the accuracy
of data sets but they also significantly incredse time required to capture data. It is
recommended to have more scans at lower scanngrgsetather than having a lower
number of scans with higher settings. Hence, amabg@eshould hold a trade-off between
the level of resolution and quality needed, andtithe constraints to scan a space. To do
so, relatively appropriate values for these settingsed on the best practice observed and
experience gained are suggested in Table 2.

Scanner and tar gets placement

Targets are needed only if the Target-based Ragmtris used. The distance between
scan positions should not exceed 10-15 m. A minirofithree targets per scan should be
deployed. Also, there should be at least three comrargets between scans for
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redundancy purposes. Targets should not be plackalke; instead they should be spread
across, and there should be variation in theincedrelevation. The scan positions should
not be more than 15 m away from the target othertvisy will not be recognised by the
software used in this research as the number ofn®treduces. It is essential that the
targets not be occluded from scan positions. Tais lme ensured by following the scan
map. The overall scan positions should form a ddsep. This means starting from a
point, doing all scans and finishing at the samatpo

Table 2: Suggested values for Resolution and QualiTLS.

Parameters Settings
Resolution For large interior areas and exterior areas, a high resolution (~1/4); for interior spaces,
medium resolution (~1/8), and for small interior spaces low resolution (~1/10) are suggested.
Quality This setting depends on the type of the material of which an object or surface is made. For

non-reflective materials (concrete), the quality parameter of 2X, and for highly reflective
surfaces and objects (shiny partition walls), a quality parameter of 3X or 4X are recommended.

REGISTRATION

There are two main ways of registering acquirea dats when using the FARO SCENE
software: Target-based Registration and Target-lRegistration. The Target-based
registration relies on targets, whereas TargetHsgistration relies on vertical planes
(e.g., walls, columns). A minimum viable workflowrfregistration of 3D data sets is
proposed in this paper (Figure 3). Following thisrkilow, the alignment deviation
between targets should be less than 3 mm.

Clusters
No——# with3-5
scans

Clusters
Yesw with 12 — 20
scans

arget-based or
target-less
registration?

Group scans into clusters
—» based on overlap and
number of scans

Adequate overlap
between scans?

Import raw
scans

‘Target-based’ registration

Begin Target Identify targets manually WVisually .
T ts hi b B “Pre-
based’  [4— and delete targets with [4No id::vg:ﬁed a\:; ::"_, verify every | gf:::ess‘
i i exceeded position property? targets P! Target-less
T registration

Is tHere any ercor

Begin ‘Cloud Remove noises (e.g., Use the ‘correspondence {red light or X} Begin Top
to Cloud” 4 reflective windows, tower [#— view' and the scan map to [#Yes shown in the “Scan View based”
i { cranes etc.) locate the scans A registration <
es
L 4
Visually verify alignment . e scans: Repeat ‘Cloud to Cloud” Are there other
of neighbouring scans in » lizned? Ly i ion with a higher clusters that need to
X, ¥, Z anes are aligned: ‘Sub-assembling’ setting be registered?

No
- Begin Target Importthe X, ¥, Z Register all
km_ based" (#— coordinates to the [4— clusters

registration ‘workplace’ level together

Figure 3: The proposed minimum viable workflow flata registration when using
FARO SCENE software
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In the Target-based Registration, pre-processing b® used to identify targets
automatically and to apply filters. Targets in gvecan should be visually verified to
ensure they have been appropriately identified tfiere is a sufficient number of returns,
targets have been identified only, the positionialgan of targets is as low as possible).
Eventually, Target-based Registration can be pexdr If the operator has taken the
recommendations for target placement into accdhbatdesired accuracy is achieved.

In the Target-less Registration, there are twosstépp View based registration and
Cloud to Cloud registration. The former registratis used to align the scans together
roughly, and then the latter registration is perfed to refine the initial attempt and
achieve the desired accuracy. Noises in scans égHmilremoved before running the
Cloud to Cloud registration. The deviations showrttie software are just an indication
and do not demonstrate the overall deviation batveeans; hence, visual verification is
needed by checking the registered data set in € (@arrizontal surfaces) and X, Y axes
(vertical surfaces). In the next iteration of thleouwe to Cloud registration, Maximum
Search Distance should be larger than mean scamn faision. The Cloud to Cloud
registration is repeated until the mean scan gemdion is lower than 3 mm.

Table 3: Categories of approaches for deviatioyars, algorithms to compute
deviations, and the most suitable algorithms fahdgpe of tolerances

Approaches
used for
deviation
analyses

Algorithmsto compute deviations Associated type of tolerances

Sole point cloud Point to reference plane: A reference Flatness and perpendicularity (surface): It

analyses plane is established for a group of is a regular practice to assess flatness of
points in an as-built data set. The surfaces (e.g., concrete slabs) and
distance between the points in the dataperpendicularity of vertical planes (e.g.,
set and the plane is computed. walls) by using point to reference plane
analysis.

Point to reference line: A line of best  Straightness: Deflection in beams can be
fit, termed the reference line, is measured by defining a reference line
established and the distance between across the bottom of a beam and measure
the points in the data set and the line isthe distance between points and the best

computed. fit line. Hence, point to reference line
should be used if straightness in a beam
is controlled.
Point cloud Selected points to selected points: The Flatness and straightness: This algorithm
versus point shortest point to point distance is can be used to calculate the deviations in

cloud analyses calculated by computing the shortest a selected grid of points on concrete slabs
Euclidean distance between a point  over time (e.g., post-pour, after
given in the first point cloud to a tensioning of PT)
corresponding point in the second poin
cloud. The only way to ensure that the
points with similar coordinates from
different scans are selected is to align,

%traightness: Changes in camber of
beams can be detected by calculating the
deviations in manually selected points on
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and size scans according to the the bottom of beams.
reference targets and then select the

points with the same coordinates.

Otherwise, selected point to selected

point comparison will have an error as

it is not possible to set the scanner at the

same position and select the same

points.

Reference points to corresponding Flatness, Straightness, Perpendicularity,

points: A reference plane is establishedProfile, Position: This algorithm will

in the first scan. The Euclidean distancéelp control the deformation in beams

between a point in the reference plane and columns (Straightness), changes in

and the nearest neighbour point in the the plumbness of any component

second point cloud is computed. (Perpendicularity), changes in the level
of surfaces (Profile), and changes in the
location of components (hot distance and
coaxiality between components)
(Position) over time.

DEVIATION ANALYSES

In this paper, deviation analyses based on theatafaired from TLS are divided into
two categories, namely: (a) sole point cloud aredyand (b) point cloud versus point
cloud analyses. These analyses have distinct glgmsito compute deviations, they
employ a different number of data sets, and eaalysis should be used to quantify a
specific type of variation (Table 3). It was cordddl that Perpendicularity (axis) (e.g.,
plumbness of columns), Parallelism and Profile catne automatically controlled using
the described algorithms, although changes in tixeen time can be detected.

VISUALISATION OF RESULTSOF THE DEVIATION ANALYSES

Eventually, the deviations are visualised througlviation maps or are demonstrated
numerically to reveal deviation patterns. The digemamaps can be produced in the form
of heat map (continuous and signed map) (Figureadd)contour map. To demonstrate
the results of: (a) deformation analysis for bedgfigure 4c), (b) change detection of
beams (Figure 4b) and concrete slabs over timagethdts are revealed numerically.

HeamT Center Post: 76,389 m  Pogt Camber; -0.074 m  Crmber Change: 0,000 m

I‘A, @
Y kLY

(b) (c)

Figure 4: (a) Heat map for concrete flatness, (b) deviation map for changes in all types of
variations over time, and (c) numerical demonstration of deformations in beam over time.

174 Proceedings IGLC-26, July 20[iBhennai, India



Tolerance Compliance Measurement Using Terreskréealer Scanner

CONCLUSIONS

This paper is the first attempt to document a forama holistic method termed TCM
using TLS according to the literature, the bestciica observed, and the field
researcher’'s experience. This method has four :stapguisition of 3D data sets,
registration of data sets, deviation analyses,\asuhlisation/demonstration of deviation
analyses. The critical practical recommendationgdquire data and to facilitate data
registration were provided. The recommendationdude preparation of scan map,
placement of scanner and targets, and configuragfoscanner settings. A minimum
viable workflow for data registration, including tho Target-based and Target-less
Registration, was suggested. Following the workfltdve operator will be able to achieve
less than 3 mm alignment deviation consistentlye Tinost common approaches and
algorithms used in the commercially available safevfor deviation analyses were
categorised appropriately. Different geometric ddans were correlated with different
algorithms of deviation analyses. It is envisiotieat distinguishing between the types of
tolerances facilitates selection of an optimal atgm for deviation analyses. The results
show that the algorithms for deviation analysesdbautomatically measure all types of
tolerances. One immediate future research will be investigate how Building
Information Modelling and TLS together can quanggch type of geometric variation.
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BELIEVING IS SEEING:
PARADIGMSASA FOCAL POINT INTHE
LEAN DISCOURSE

Samuel Korb! and H. Glenn Ballard?

ABSTRACT

In many ways, the transition from traditional modes management thinking and
behavior to Lean approaches is what Kuhn referoedst a “paradigm shift”. Not only
surface artifacts like behavior are different inLean organization — the most basic
assumptions and patterns of thought are fundanherddferent than those that have
guided organizations for decades. The resultingagggm gap between traditional
thinkers and Lean thinkers may help to explain dbeceptual disconnect between the
two groups; the two have no common assumptions bithwto base a productive
dialogue about what degree of organizational ezne# is possible. In this paper, we
explain what paradigms are and why Lean managemenésents a paradigm shift. We
then apply lessons learned from successful paradigfts in other fields to suggest what
the Lean Construction community can do to nurturenaustry-wide paradigm shift to
Lean. By discussing this topic, we hope to bringg¢bncept of paradigms to a position of
greater prominence in the Lean discourse, in padimg Lean enthusiasts to understand
why those mired in the traditional management pggradust can’t seem to “get it” no
matter how hard the latter group tries to explain.

KEYWORDS

Lean construction, Lean management, paradigmsdiganashift.

INTRODUCTION

The term “Lean” was coined thirty years ago (KraftB88), and the turn of the century
(now eighteen years past) saw two seminal doctbesles that brought Lean to the world
of construction (Ballard 2000; Koskela 2000). Andt,yeven today, despite Lean
repeatedly having proven advantages, the vast ityajof construction projects are
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conducted using traditional styles of managemeattphedate Krafcik’'s work(Azari et al.
2014). Why? In no small part, due to paradigms.

Paradigms are the filter through which one seesvibrid(Ballard et al. 2011; Ballard
and Howell 2003). Facts have no objective truthttweir own; they are given meaning
through the lens of one’s paradigm. This is thes@aawo people from opposite ends of
the political spectrum can read the same news larteit draw vastly different
conclusions as to its veracity and what actualipspired. Lean Construction enthusiasts
have often struggled in their conversations withstrnuction professionals steeped in the
old ways of doing things, often wondering how itpessible to confront the proven
benefits of Lean with apathy and disbelief. Thesogathat the uninitiated are able to
brush aside the claims of Lean are that in theavaiting paradigm, the claims are
unbelievable and thus false. Cut project delivanes in half? Impossible. Bring projects
in on time and under budget? Can’t be done.

Lean, with its dependence on the twin pillars ofn@@wous Improvement and
Respect for People (Korb 2016) is very much a pgrmadhift from the current practice
in construction, since it requires whole new patesf thinking and behaving, not merely
small tweaks to existing practice. As identified ®ghbauer et al. (2017), the traditional
paradigms must be made explicit and addresseddan Construction to flourish.

In this paper, we will discuss what paradigms ar@ what is currently known about
them, in order to bring this issue to greater exp®# the Lean Construction community.
It is the hope of the authors that by making pesplesitized to the concepts they can be
more aware of and informed by them as they contthag work in advancing the cause
of Lean in the AEC industry. We then suggest soossible tactics for overcoming the
prevailing paradigms that the Lean Construction roomity can undertake as a whole,
concluding on a note of hope for the future.

WHAT ARE PARADIGMS?

It was Kuhn’s book” The Structure of Scientific Rdéwtions”(2012) which brought the
concept of paradigms to widespread attention. Ksilfotus was on the history of science,
looking at how new developments are made and wdik@akthroughs, and thus the main
paradigms he focused on were scientific in natimehis view, paradigms are the
governing models in which scientists try to solvelpems, such as the Ptolemaic
geocentric model of planetary motion. Under thisdelp astronomers were forced to
develop increasingly complex “epicycles” to explaime “aberrant” behavior of the
heavenly bodies, since those were the problemsfdesd and the underlying model in
which they understood the solar system to opeistieen the Copernican heliocentric
model was first presented, to someone who had eabfor years in perfecting epicycles,
it could only be seen as a farce (particularlykKabn notes, since it didn’t offer any more
reliable predictions than the existing well-honetbl®maic model). Thus paradigms
function (inadvertently) as constraints preventihg transitioning to new modalities of
thought, in as much as they anchor one’s beliefsitaitne realm of the possible.
Kuhn (2012) defined paradigms as follows: “Univdélssarecognized scientific

achievements that, for a time, provide model pmoisl@nd solutions for a community of
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researchers.” Here, his focus on paradigms indlemsfic context is clear, but the points
of universal recognition and models for framinglgemns and solutions are applicable in
many other contexts.

In Kuhn’s view, rival paradigms are “incommensugedbthat is, one paradigm cannot
be understood through the lens (the concepts andntelogy) of the other. This bears
strong similarity to the discourse disconnect betwthe Lean Construction advocate and
the traditional construction professional referehirethe introduction; the claims of what
improvements Lean is capable of bringing seem fahfor someone who is party to the
previous paradigm.

Kuhn identified five phases in the course of pagaddevelopment and renewal, as
shown in Table 1.

Table 1: Kuhn'’s five phases of paradigm development

Phase Description

Pre-Paradigm
Normal Science
Crisis
Paradigm Shift
Post-Revolution (Return to Normal Science)

a b W N -

Kuhn saw the development of science as alterndit@tgyeen the periods of “normal
science”, in which incremental improvements are entadthe body of knowledge that is
in line with the current paradigm, and “paradignmftshthe more tumultuous periods
were the old and new paradigms themselves areniicto

Returning to the realm of Lean Construction, we kaughly draw parallels of these
five steps in light of the history of constructioranagement.

Phase one is the pre-paradigm stage. This perhagstwe prevailing mode of
construction management for millennia of human tgmaent, when construction was
primarily of dwellings and simple structures foorstge and agriculture. There was no
need to manage projects; they were simply built.

Phase two is the development of a paradigm, broagbtut by the coalescence of
problems that can’t be solved in the pre-paradigges Going back to antiquity, there
were examples of large and ambitious constructrafepts (such as the Seven Wonders
of the Ancient World and their contemporaries) Vhiwere massive undertakings
requiring the coordination of hundreds if not thands of designers and builders. These
no-doubt required the development of at least anmredtary paradigm of construction
management. And since then, through to the modesn there has been a gradual
building upon the practice, step by incrementgb,s¢amnilar to Kuhn’s “puzzle solving”.

Phase three — crisis — is arguably where the inglstinds today: performance results
are lagging expectations. The Egan Report (1998)lighted the deficiencies and called
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for change. While other industries have improvedirttproductivity over the years,
construction has been marching in place or everatihg. Persistent problems exist that
cannot be solved with the existing tools. Kuhn exdllthese “anomalies,” and an
accumulation thereof indicates that a new paradigay be required to address them.

The fourth phase is the paradigm shift itself, wkigs new paradigm arises, and after
a period of penumbra, eventually trumps the oldthim case of Lean Construction, the
hope is that this phase has begun. New exempldredfean paradigm are bearing fruit,
addressing some of the anomalies that the prepausdigm is not capable to dealing
with.

In Kuhn's final phase, the new paradigm takes raotl becomes dominant and
pervasive, bring the cycle back to the second pham@nal science. Lean Construction
has some ways to go before reaching this zenith.

WHY ARE PARADIGMSA PROBLEM FOR LEAN
CONSTRUCTION?

Understanding what paradigms are, it is now poswldirect attention to whyparadigms
are a problem in the context of advancing Lean €oason.

Since paradigms are so pervasive and all-enconmgafes those who hold them, it is
sometimes not apparent to the holder that thepamaore than models they have chosen;
models that might not be the best or even correatliaspects. The paradigm is accepted
at face value as common knowledge or tautology.s@en the list of paradigms or
paradigm-reflecting statements from traditional stauction management that appear in
Table 2; how widespread are these in the industiffid to what extent are they
demonstrably true?

The answers to the above questions are as follows:

1. These statements, even if only as unspoken beéefsindeed widespread in the
industry. Construction professionals in the tradhél paradigm default to
behaving in accordance with them when under presbetieving them to be true.

2. On nearly every point, counter examples or at leasinter arguments can be
brought to disprove them.

Taken together, these points would seem to represeonflicted state; how is it possible
that these beliefs are both widely held and alsb tnae? The answer is called
confirmation bias. Confirmation bias (Plous 1998)ai tendency to accept evidence as
true when it aligns with a pre-held conviction (sues a paradigm) and reject it as an
error or inconsequential anomaly when the evidéme¢ odds with the pre-existing belief.
This is exactly why no matter how many succesd projects or Lean Construction
success stories one shares with a traditional é¢njnthey will be rejected as either
completely false or as having some extenuatingipigtance that is both uncommon and
irrelevant to the majority of construction practi€ in other words: “We're different.”
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Table 2: Paradigms in traditional construction nggmaent (Ballard et al. 2011)

Paradigm

Trust is for suckers.
Win-win is an illusion. What counts is that | win.
You can manage projects by managing contracts.
Risk is managed when transferred to someone else.

If you pay least price for each part of a projgot) pay
least price for the project.

Management by results yields the best results.
Variation in work flow is from external causes.
Resource utilization trumps project flow.

Control starts with identifying a negative variareween
DID and SHOULD.

Social factors are interesting, but don’t reallyti@a

Thus while it might be conceivable to overturn goofi the statements in Table 2 with
statistical studies (for example, tracking the ehudrivers of total project price in
projects with and without least-cost subcontraselection), the effort would still likely
fall on deaf ears, or ears shielded by the “heaprajection” that only a paradigm can
offer.

Barker (1993)referred to the inability to take downstive action in the face of new
realities “paradigm paralysis” in the sense thatghuational blindness conformance to a
paradigm demands will ultimately lead to sclerastsictly when action is needed. He
cites multiple examples of this happening in d#far industries, such as the Swiss
dominance of the watch industry prior to the advehthe quartz watch. The quartz
timekeeper was invented in Switzerland, but it madplace in their world of finely
crafted and intricate mechanisms. The Swiss weteabte to capitalize on the new
technology since they didn’t accept it, ultimatédading to them losing out on the
majority of the watch market to Japanese compamieswere not married to centuries of
mechanical chronometer history. Another exampleceors the development of many
elements of the Graphical User Interface (GUI) srok, who saw no future in what
would go on to change the face of computing. Tirfteraime, industry leaders are
unable to adopt change, even when it is staringn timethe face or they have even had a
hand in developing it.

In construction, a complicating factor is the fragrted nature of the industry (caused
in no small part by the reliance on subcontracédxbi, which is another symptom of an
underlying paradigm)which can constitute a barteespreading new ways of thinking
and acting, since any one company represents ssictalportion of both the market and

Lean Theory 181



Samuel Korb and H. Glenn Ballard

the total value chain, one that must interface wlih existing other parts of the value
chain all of which are used to working in the pikrag methods.

Thus we have shown that not only are paradigms tteay are a real problem when it
comes to implementing Lean in the field of consinrec

WHAT CAN BE DONE?

What, then, is to be done? Given that the tramstiooLean thinking involves a paradigm
shift, and that paradigms are rarely shifted any anith great difficulty, in what ways
can the Lean Construction community act to advathee adoption of Lean in the
entrenched AEC industry? This section suggestsvgptessible paths of action, though it
is the hope of the authors that once the centrafitgaradigm-based thinking comes to
light, other strategies will present themselves.

The following strategies are in line with those eleped by the second author and
Greg Howell and for the Lean Construction Institabertly after its formation in 1997,
which included the following elements:

* Change the vocabulary—from managing contracts teagiag production.
* Work with early adopters to make them killer comipann their markets.
* Look for owners willing to embrace lean and helenthhelp their suppliers.

GET THE WORD OUT

With any new concept or product, there will alwdyes the “innovators”(Rogers 2003)
who are willing to try it out primarily because thare neophytes. The innovators
represent a fringe of the population who are wgllin adopt the innovation before it has
been fully proven. In other words, they don’'t neéechave their paradigm shifted to be
willing to try out Lean; the promise of benefitall they need to give it a shot.

With this understanding in mind (namely, that thare people who are inclined to be
innovators), the question is how to reach them. Message must be out there so that
they can find it, if they are to adopt it. As Leanthusiasts, at a minimum, we must be
looking for how can we give the subject greaterasxpe. By holding the flag high,
people can find Lean. It is specifically those vare willing to listen who are the ones to
focus on.

Once they are in the door, it becomes possiblerésgmt the rational case of Lean.
Arguments about the benefits of Lean and evideoncéack up those claims can be
presented. Likewise, if it possible to identify am@n objections to the claims of Lean
and present rebuttals, it will make it all the m@essible to undercut the traditional
approaches, at least for those people who are wpesied and not already invested in the
pre-existing paradigm. The hope is that for thesemivers of the population, an
accumulation of evidence will have an impact, ppshan conjunction with having an
experience that is anomalistic to the traditioraaigpligm.

Practically speaking, this means highlighting thecessful case studies of companies
who have succeeded with Lean, continuing to geeexdiody of knowledge such as the
IGLC has done and continues to do, and making dwom other forums where
construction experts gather.
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EDUCATE THE NEXT GENERATION

Max Planck, the theoretical physicist and Nobekdate, weighed in on the subject of
paradigms in a now-famous quote: “A new scientiftath does not triumph by
convincing its opponents and making them see g, lbut rather because its opponents
eventually die, and a new generation grows upigh&miliar with it.” If one harbors the
notion that it is possible to convince others, ayrlead to effort wasted on trying to
convince those who are set in their ways, whicturn may retard progress elsewhere. If
instead the advice of Planck is heeded, the lastesamay be recognized for what they
are.

In other words, a more effective use of energyttiose seeking to make the case for a
new paradigm such as Lean, rather than engagirigiithess arguments with industry
stalwarts who have years of experience backinghep tonvictions, is to focus on the
next generation of AEC professionals, namely thoggently studying the field in
universities.

Currently, there is a paucity of Lean Constructéhscussion in undergraduate civil
engineering education; when construction managemdatight, it tends to highlight the
more traditional approaches, relegating Lean Coostm to graduate-level courses. If
Lean Construction were to occupy more of a focahtpaf the studies, students would be
exposed to the concepts and the successful exawoiplesn implementations while they
are still young, before they go out to the real ldr@f practice. In so doing, it may be
possible to color the way they interpret the resdithey then encounter, at the very least
opening them up to nagging questions like “isnértha better way?”. By creating a
generation of civil engineers growing up with Ledarmay be possible to cement a “new
normal” reference frame for them as they join #@eks of industry.

This suggestion is complicated by the dearth obsmsent criteria for academic
programs, specifically measures of process (thditquaf the Lean content being
instructed) and outcomes (how much of an impaatasle on the students), and as such
the development of relevant metrics is an areduture work. In general, simulations
and hands-on learning exercises can be more efetttan merely spouting lists of the
benefits. This is one of the reasons “going to G&hdan be so powerful; it is there that
the messages hit home in a visceral way. SacKs @048, ch. 9) relate the story of how
the leadership of a construction company “learmmeslee” by spending time on the work
face, out of the office, merely looking and obsegvexamples of waste.

One risk with this education-focused model is §wing civil engineers might not be
gaining their true education in the classroom, fatiter only once they get out into the
field. There, they will likely be schooled if noy lhard knocks then at least by those of
the older generations. And the lessons they willtdagght will likely be those of the
traditional paradigm. So it will be necessary tonmar the long-term effectiveness of the
Lean “vaccine” that will be administered to thesgglit young minds.

Encouragingly, there are signs of interest on tue pf the next generation, who are
trying to “pull” the information and education theged. The second author of this paper,
through his exposure in developing the Last Plagn8ystem (Ballard 2000) and his
years of involvement in the Lean Construction comityuas an educator and thinker,
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receives requests from students (both current amdefr) from around the world to assist
them as they work to learn more about Lean Constru@nd expand its deployment.
Often they are hampered by a lack of local expeift®th on the academic side and the
professional), leading to a further suggested patake Lean Construction coaching
available to people around the world who don’t hageess to the teachings or insights.
The “coaches” in this scenario could be memberth®fiGLC community (itself a well-
established world-wide network) who volunteer thiéne to assist and enable those
sparks of interest wherever they may be kindled.

CREATE MARKET PRESSURE

A third tactic may be to attract and interest tlveners of construction projects, and
explain to them the benefits that Lean can bringhteir projects. By informing the
customers of construction services, it may be jpesgp change the market demand to
the point where Lean becomes a requirement ondteopsuppliers. This parallels some
examples of the adoption of Building Information déting (BIM): in markets where
large or influential customers demand BIM, the |I@gppliers are forced to develop BIM
competencies if they wish to compete for businégsewise in the Lean construction
world, as evidenced by the experience of Suttelthledutter has long been a pioneer in
Lean Construction, and they now require Lean ashrashold criterion for their
contractors.

At the same time, the risk of this kind of “top-dotwvcustomer-driven adoption
scenario is that Lean becomes just another bor twhbcked without fully understanding
it or integrating it into the organization’s culéurThis can sometimes be seen with BIM
where companies will have an out-sourced BIM cdjighin order to meet contract
demands but continue to work in-house the way #lesmys have. In the same manner,
for companies wishing to reap the benefits of Irdegd Project Deployment (IPD), it is
not sufficient to merely have an IPD contract iagd; the ways of working and the
manner in which the relationships are built amomg project participants have to be
fundamentally different from the old ways of worgin

Likewise, there are situations where the marketnaerials of a company extolling
their Lean successes and how much they have implech@utpace the reality of their
daily practice in the Gemba. As in any Lean impletagon in the AEC field or beyond,
company leadership needs to understand that theipanies won’t change until they do.
And yet, requirement on the part of customers cienobe an effective catalyst for
change; only if they are forced will some peoplebesme something new. Thus if the
customers can be reached and their desire or buttggmand for Lean, there is a greater
chance for wider adoption through market presd0ree stalwart in a market can lead to
horizontal spread in that local market, since adamers they can stipulate the process
(and not just the product) required.

One way to reach customers continues to be the BCmarstruction Institute (LCI)
annual congress. In its most recent incarnatioerethwere 1,500 attendees. The
attendance rate has seen a steady 15% growth yeas@ar in last 5 years, which means
new people from the industry are becoming intetesdad getting exposed. These
conferences serve as wonderful platforms for ggttire word out as discussed above,
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since they highlight successes and address coneenith can inspire further motivation
and interest.

On observation about the LCI congresses is thatr ¢vee the nature of the
conversation has changed, with it now showing sighshaturity. There is a greater
focus on the philosophy underlying the Lean apprpadhereas earlier focus was more
on Lean tools. This is a sign of improvement, siitcadicates that the community is
touching upon deeper issues beyond the superfrgippings of Lean as they continue
their journey to implement Lean. The further they the more they will have to relate
back, which will work to create a market imperativd the same time, we need to
continue the efforts to educate owners about wihaeduire in the projects to improve
their chances of Lean succeeding.

CONCLUSIONS

This then is a call to action for the Lean Condirccommunity. First, it is imperative
that the issue of paradigms is prominent in anyeauh efforts, for ignoring their impact
increases the chances of failure through not adoirgghem properly. Second, armed
with an awareness of the pervasive and powerfulraabf paradigms, we can begin
working to change the prevailing winds of the initjasThis can be through the strategies
identified and described above, or in other innweaventures designed to address this
key topic.

On the one hand, the message of this paper hassoeeswhat pessimistic: by and
large it is not possible to change people’s paradigso don’t even bother trying. Yet on
the other, there is a message of hope. As Planskrodd, revolutions can take a
generation or more. So while a perceived lack oigpFss when measured in absolute
measures of market penetration can be disheartdamimnovators, the numbers may
bely what may prove to be long-term exponentialzgho In other words, there is not yet
cause to lose hope or become discouraged by apdoe of adoption of Lean. Change
does happen, and in the case of Lean Construdtisnworth the effort. As advocates, it
is incumbent upon us to be absolutely persistehalso patient. It may be hard, but it is
the right choice to make. There is a small parthef population that is less tethered to
presuppositions and more open to wonder and exjgara these are the ones that need
to be reached. In turn, this makes possible thatiore of market pressure. The cold facts
of declining market share, revenues, or profit nmavgork wonders as paradigm solvents.
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LEAN METHODS TO IMPROVE END USER
SATISFACTION IN HIGHER EDUCATION
BUILDINGS

Makram Bou Hatoum®, Reina El Mustaph#, Christelle Nassar,
Hayyan Zaheraldeerf and Farook Hamzel?

ABSTRACT

End user satisfaction is one of the major indites attest to the success of a project in
terms of adding value to the client. Thereforepider to rate the overall functions of a
facility, the fulfilment of end users' needs islie taken into consideration during the
whole project phase (i.e. design through operatid@ny clients believe that allocating
more resources to the project automatically guaemthe success of the project. What
they fail to realize is that in most cases, succebsch should be translated in end user
satisfaction, relies more on how the project wasugjint of, planned, constructed and
delivered. This paper presents the case studyhiflabudget engineering complex. In
this study, different end users of the facility eegsrompted to fill a comprehensive
survey about the overall quality of the complexeimiews were also conducted with the
client representative and other parties who wevelwed during the design/construction
phases. After results were analysed and companeglident contradiction was detected:
end user satisfaction rates were relatively low nelg client's representative overall
satisfaction was optimistically high. Lean methadsl tools were suggested that could be
used to improve the design and delivery of simii#gilities and establish a higher end
user satisfaction rate.

KEY WORDS

Post-Occupancy Evaluation, End User Satisfactionighét Education, Lean
Construction, Building Performance.

INTRODUCTION

Studies show that seven of the top ten industrigls thie highest growing rates in the
USA for 2017 are construction related (Sageworkg20dnd the pace of expansion in the
global construction industry is expected to corgimgrowing through 2021 with an
average of 2.8%(Construction Intelligence Center2017). But howrteasure success in
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the construction industry? And is value to the asdr a factor frequently considered? In
fact, success has been previously closely tieditpthree main parameters: cost, time &
quality. Other criteria has been added such astysafenctionality and satisfaction
including user expectation and satisfaction (Chad &han 2004).However, many
construction companies rarely implement new knoggefiom recent research to assess
different parameters related to the user's perspmedh their work. Such companies
ignore the fact that input from end-users is img@airias to learn from previous projects to
continuously improve and apply this new knowledgedésign future projects (Vischer
2009). One way to improve current practices is toplement Post-Occupancy
Evaluations (POE) in order to assess the operagqgnirements of existing buildings;
generate new knowledge about the human use of spadegive feedback on key
decisions made during the design and constructi@sg Since the 1960’s universities
have been a main part of the POE exercise, givefattt that each university has its own
design and construction standards and that theve general design standard for higher
education as a whole (Tookaloo and Smith 2015)ué&/dor end users in higher
education, is a building that creates optimal cobows for teaching, learning, and
research (Spiten, Haddadi, Stgre-Valen, & Lohn&620

As per Hay et al. (2017), POE is considered a lhighliable index that allows
researchers to learn from previous projects andamgin upcoming ones. Improvements
need to be based on the needs, desires and dadisfatthe occupants. To achieve that
and deliver projects with higher value to the uséean methods that improve value
generation and eliminate waste can be applied. efhesthods can ensure value
throughout the lifetime of buildings and should tensidered more often and more
seriously (Spiten, Haddadi, Stgre-Valen & Lohnel @0

However, POEs have a few short comings. It midiiws a focus on short-term
thinking to achieve direct financial profits rathtbian long-term benefits to clients and
society. Other issues include liability and accability issues where participants in a
project fear that POE will only focus on the negataspects, holding different parties
(architect, contractor, structural engineer, eédcgountable and responsible for defects.
Finally, another important issue is the lack ofigek and legislations that demand the
use of POE regularly. Eventually, applying POE déemba wider perspective and
encourages owners to investigate the needs of ghes,uand offer satisfying building
design quality in return.
Conducting research in different types of buildirfgducational, residential, healthcare,
etc.) enables a deep insight about the needs adrttaisers (Watson et al 2014). When
talking about user’s satisfaction, Ornstein and (A610) define various ways of
obtaining information including interviews with kepersons and POEs through
questionnaires with scales of values to measures'usatisfaction levels regarding the
respective environments.
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Feedback is the information provided by an exteragent regarding a process
performance measure (Li et al 2012). The feedbackainpresented by Sombra et al.
(2011), suggested that clients unsatisfied needstifted from satisfaction surveys
should be transformed into new design parametemugh the feedback model. They
concluded that this feedback process can help ergatue for users and allows
innovation to achieve continuous improvement. At@sting but complementary view to
feedback is feed forward, translated in end-useslirement in the pre-design phase and
focused on good communication, understanding eed-wslue, and innovation to
achieve adaptability in the building to cope witpid changes in academia (Spiten,
Haddadi, Stgre-Valen, & Lohne 2016).These Lean\ieha(feedback and feed forward)
help in realizing maximum value on a project.

Very few existing reviews provide a direchgmarison and examples of facilities that
satisfy their owners and dissatisfy their end usespecially when it comes to
educational facilities. This paper provides a dieample of a high-budget educational
complex that satisfies its owners and dissatistiesend users. With this example, the
paper attempts in improving future design and cootbn decisions in education
facilities and reinforcing the importance of impleming some lean tools and shifting
from traditional to more developed thinking for heg end user satisfaction.

METHODOLOGY

The building considered in this research is theyir@xy Engineering Complex (IOEC),

one of American University of Beirut's newest erggning facilities.IOEC is made of 6

floors and 2 basements that provide the facultgrafineering with more than 60 highly
equipped teaching and research laboratories, aig-sf-the-art classrooms including an
e-classroom and data center, and 85 cubicles fotodd students. It is also the first
building to register for LEED-NC certification, thgold standard of ‘green design’ in
Lebanon (AUB, 2014).

The complex was subjected to a post occupancyatiah exercise to measure the
end-users satisfaction and evaluate whether impleéntge Lean approaches during the
early lifecycle of design and construction coul#danhanced it.

To carry out the study, an end-user satisfactioney was designed and tested. The
survey was distributed to different end users whe IDEC; that includes engineering
students of different majors, staff working insii@EC and professors. After gathering
and analyzing the data, interviews were set withdperation manager of IOEC, a major
end user of the complex, and AUB’s Facility Designd Planning Unit (FPDU)
representing the owner of the complex during desigth construction. FPDU members
were also asked to fill out the survey to compamartsatisfaction level with the project
to that of the end user. At the end, the importaamce relevance of the results were
evaluated, and suggest Lean solutions were suggéstemay help improve the end user
satisfaction for future projects.

The survey was divided into two major parts. Thstfpart deals with personal
information related to the end user such as geadéroccupation, time spent inside the
complex and his or her overall quality satisfactith IOEC’s classroom, offices,
laboratories, lounges and cafeteria. The secondgbahe survey included eight main
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sections to calculate the satisfaction index. Tits $ection was related to the complex’s
accessibility and whether the end users are satisfied with thr&zdntal and vertical
circulation. The second section targeted the coxgpbiesign and furniture and whether
the latter allows for comfortable learning, remowdistractions and permits varied
communication and comfortable mobility; this sewtialso targeted washrooms. The
third, fourth, fifth and sixth sections dealt withe air quality inside the complex,
thermal comfort (temperature convenience and contrglual comfort (satisfactory
lighting conditions)and acoustical comfort (noise level inside the classrooms)
respectively. The seventh section targeted theatlveleanlinessand the last section
expressed whether the end usersg$eelrre and safenside the complex.

The minimum number of survey participants needed walculated using Sloven’s
formula (Kanire, 2013):

N
n = .
1+ Ne?

Where N is the total number of population benedtirom IOEC which is around
3800 (AUB, 2016) and e is the margin of error (assd 0.01 for a 90% confidence
level). Thus, the sample size n shall be 98 paditis. They were asked to indicate the
extent of their satisfaction with different buildipperformance aspects by rating them on
a scale from 1 to 5. After obtaining the result®, $atisfaction index was calculated using
the following formula (Dominowski, 1980):

S5 (a,[) (1)
SE:S:I x;

Satisfaction Index (SI) = = 100%
The response foriis 1, 2, 3, 4, 5 and is illustlaas follows:
* Xo = frequency of “Strongly Agree” response witF &
* X1 = frequency of “Agree” response with=4
* Xo = frequency of “Neutral” response witb=8
* X3 = frequency of “Disagree” response wih&
* X4 = frequency of “Strongly Disagree” response wjtha

The scale adopted to establish the level of satisia is as follows (Hassanain, Mathar,
& Aker, 2016):
A satisfaction index value above 80% suggests ti@trespondents are “Strongly
Satisfied”
* A satisfaction index between 70% and 80% sugdbatsghe respondents are “Mildly
Satisfied”
» A satisfaction index between 50% and 70% suggdst$ the respondents are
“Dissatisfied”
» A satisfaction index is below 50% suggests that tbgpondents are “Strongly
Dissatisfied”
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RESULTS & DISCUSSIONS

A total of 104 end-users participated in this synA&UB’s engineering students majoring
in different engineering programs formed around 98% the participants (55%
undergraduate, 37% graduate and 1% PhD), whileréheining 7% varied between
Professors (4%) and staff (3%). Overall, the redpots spend an average of 4.6 hours
inside the complex. The survey was also filled B3DB members that represent the
client. After processing the obtained data fromdistributed questionnaires, the overall
quality satisfaction for IOEC’s different faciliseand the satisfaction index for the
multiple performance criteria by both the clientdatme end users were obtained and
discussed below.

OVERALL QUALITY SATISFACTION WITH THE |OEC FACILITIES

End-users were clearly dissatisfied with most @f thcilities including offices (68.67%
Sl), lecture rooms (64.45% SI), cafeteria (64.49% &d most notably lounges
(57.35%), barely showing mild satisfaction at teedl of the labs (70% SI). On the other
hand, the client’s representative had a totallyosjie view. Results show a 100% Sl with
labs and 90% SI with offices, lecture rooms anchms indicating strong satisfaction.
The client’'s representative was also consideraatisfeed with the cafeteria (80% SI).
These significant differences clearly show that fenzlities are not serving the needs of
the end-users. The root cause of this signific#iferénce would go back to the designs
stages of IOEC were the client’s representativeighbave better engaged the end-users
and considered their entire needs in the prelinyiséages; this in turn reflected in the
end-users dominant dissatisfaction.

Overall Quality Satisfaction Index

120

100

ALY M Strongly Satisfied

80 Mildly Satisfied

60 Dissatisfied

= Strongly Dissatisfied

20 m End User Rating

0 ' ' ' ‘ ' ' ' HEClient Rating
Offices Lecture Labs Lounges Cafeteria
Rooms

Figure 1: Overall Quality Satisfaction Index forX®'s Major Facilities as rated by the
End-Users and Client

END-USER FEEDBACK

Results of the survey as displayed in Figure 2wedbow that users of the engineering
complex, mostly students and faculty members, ageeglly satisfied with the
accessibility to the complex (72% SI) and felt secand safe inside the building (72%
SI). Visual comfort also ranked high among the dint users (71% SI).
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Overall Quality Satisfaction Index
120

o e
80 1— 63 —

60 — —  HStrongly Satisfied
40 +— — Satisfied
20 — — Dissatisfied

Strongly Dissatisfied

L& B End User

Figure 2: Satisfaction Index for IOXY's Performar@@eteria as rated by the End-User

As for the Design & Furniture section, users wengdly satisfied with the exterior
design (75%SI) and the corridor spacing (76% Stweler, users were dissatisfied with
the interior design of the building (69% SI) ane thuality and colors of the interior
walls, floors and ceilings (67% SI). According teetparticipants, classrooms offer an
easy infout access (79% SI), but the design amitfwe of these classrooms fail to
provide a comfortable learning environment sincdoiesn’t allow proper communication
between professors and students (67% communicaBn and doesn’t provide
comfortable mobility (63% mobility SI). Student gigmng is not facilitated (59% SI) and
outside distractions such as light and noise aesemt (58% distraction Sl).As for the
washrooms, the users were satisfied with the eesgsa (70% SI) but dissatisfied with
the services 63% SI indicating uneasy use) andatba and number of the washrooms
that fail to accommodate large numbers at peakstif5d% Sl).

Furthermore, users were dissatisfied with theyaality inside the building (60% SI),
thermal comfort (58% SI) and noise level (57% $he building cleanliness was on the
border of satisfying (69% SI). According to the tpapants, the major reason for the
dissatisfaction with the air quality and thermahdort is the unavailable user access to
air ventilation and temperature. As for the noeseel, they believe the background noise
level from mechanical and electrical systems insiseclassrooms can get too high and
thus affect the learning process.

CLIENT 'S REPRESENTATIVE FEEDBACK

In contrast to the end-users’ feedback, the clkem&presentative showed a highly
optimistic point of view. Results from Figure 3 bel show strong satisfaction with the
accessibility (93% SI), visual comfort (95% SIlY, quality (87% Sl), and the security and
safety (100% SI) sections. The client was alscsBati with the noise level, cleanliness
(both 80% SI) and the thermal comfort (73% Sl).fésthe design and furniture section,
the client was strongly satisfied with the ovenalerior and exterior design (98% SI) and
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washroom services and ease of use (93% SI). How#versatisfaction index of the
client slipped to 77% satisfaction index SI whendmes to classrooms because of some
furniture changes after opening the complex.

Overall Quality Satisfaction Index
120

98 93 95 100

100 -+
80 A
60 - W Strongly Satisfied
40 - Satisfied

20 - Dissatisfied

Strongly Dissatisfied

F @ & & @& & & m Client

Figure 3: Satisfaction Index for IOXY's Performariéteria as rated by the Client

FURTHER DISCUSSIONS AND THE EFFECTS OF IMPLEMENTING LEAN TOOLS

AND BEHAVIOURS

Because of the obvious incompatibility between pectives of the end users’ and the
client’s representative and for further analysigeiviews were conducted with a senior
project manager from American University of BeisuEPDU (the Facility Planning and
Design Unit representing the client), and the op@mamanager of the IOEC building
(representing the end-user). The two interviewseggted descriptive insights that the
authors described and discussed using “what if \eas used” scenarios. Only sections
that dissatisfy the end-user as seen in the tablewbare thoroughly and further
discussed, leaving aside sections that satisfyetiteusers such as accessibility, visual
comfort and the security and safety inside the dempHowever, it is important to
mention that implementing lean tools and behauioas will be discussed in this section
may increase the Sl of the satisfied sections evere.

Table 1: Satisfaction Index and Rate of Satisfac{ROS) for the Major Survey Sections

As Rated by End Users As Rated by the Client

Section Sl (%) ROS* S| (%) ROS*
Accessibility 72% S 93% SS
Design & Furniture 66% D 87% SS
Interiors & Exteriors 72% S 98% SS
Classrooms 65% D 77% S
Washrooms 63% D 93% SS
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Air Quality 60% D 87% SS
Thermal Comfort 58% D 73% S
Visual Comfort 71% S 95% SS
Noise Level 57% D 80% S
Cleanliness 69% D 80% S
Security & Safety 72% S 100% SS

*ROS: SS (Strongly Satisfied), S(Satisfied), D(dissfied) and SD(Strongly Dissatisfied)

To begin with, the design of the building took abtwo years. Such durations are
unusual for the design of such a building. Henaee evould have to assume that
difficulties emerged during the design. Common abists often include hindered
communication between the different entities wogkiduring the design phase. The
construction phase was also delayed three yeass faitshing the design. Both delays
not only increased the direct cost of design, estah at around $700,000, but also
incurred other unnecessary costs due to the fltiotuaf the prices of raw materials
during this construction phase. Aside from thatré¢hwas no proper communication
between the different parties involved in the desithe client’s representative asked the
different engineering faculties to forward themitheeeds and passed them to the design
team without collaborative meetings between alk¢hparties. Based on the insights
above, the delays could have been avoided by wsinigtegrated design approach: the
client, designer and end users. Each engineeringrmauld be represented by at least
one faculty member who would carry the faculty ahedents’ needs of the major that he
or she represent. These representatives wouldboote during the design phase by
conducting several meetings with both the desigmer owner to discuss design details
without having to use tedious requests for inforama{or RFIs). This approach would
take into consideration inputs from end users wioald be represented in the meetings.
It would also enable the different entities to exadpe information more easily, enhance
communication, create a smooth working environmamid ensure a common
understanding of the whole design. In return, thalfproject would satisfy the end-users
especially that their needs would be fulfilled. Fhpproach can also be best achieved
when it is coupled with Building Information Modeg (BIM) (Al Hattab and Hamzeh,
2013).1t was also mentioned by the interviewees i@ absence of false ceilings in the
building was intended for educational purposes. &lmw, the displayed mechanical
equipment are causing noise problems and affestungents in class. Had an integrated
design approach been used, different engineersdwaue been able to work in a way to
prevent the acoustic and quality problems from leapm. It should be added that during
one of the interviews, the owner representativaused any suggested lean idea
considering it as a "waste of time". Despite theiolbs problems and delays, the owner’s
representative believes that miscommunication wa&wemn an issue during the
design/planning/construction of the facility ane theed for common meetings between
themselves, design team and the end-users repaigesatwas unnecessary.

Both the construction and design phases spanmagkidhan intended. During this
period, new departments were introduced at AUB ra@elded to be accounted for. The
chemical engineering program for example needediapl@b equipment and machinery
and allocated space. These changes in design iegodut cost. Other changes such as
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area expansion from 10,000°rto 15,000 r also contributed in cost increases. The
construction cost of the buildings surpassed $2400D,in comparison to the intended
cost which was less than $10,000,000. As mentitvefore, using lean methods improve
value generation and eliminate waste in both deaighconstruction phases. Hence, the
changes discussed above could have been easilgrnpeelvwith the use of lean methods
such as Target Costing. Target Costing is a wagctmunt for a project cost without
jeopardizing profit — or in the case of IOEC — whihducing cost savings and avoiding
budget deviations. A suggested solution that coldde helped in reducing the
construction and design delays, predicting upconcimgilenges and eliminating wastes
would be implementing the Last Planner System (LRSamzeh et al. 2016).
Implementing the system would have maintained bettatrol of both budget and time
while taking into account the changes that wergbamg in the engineering faculty. In
addition to that, most of the design effort wasldggd in the exterior design. In turn,
mechanical, electrical and structural problems wgreerated and continue to be under
maintenance. This is a major fallacy that happeftsnoin the AEC industry. Local
optimization jeopardizes quality and can disruggt ¢issential function of the building, in
some cases. Therefore, the focus on globally opiimgithe whole product and equally
dividing the resources is the most suitable wagnsure quality, safety, aesthetics and
functionality. For example, despite the fact thiaflaor tiling has the same print, it can
be noticed while walking down the corridors or sl@®ms that the intensity of colors
slightly differs. Aside from the low quality of thiing, the general contractor did not
abide by the provided installation plans from tiieag sub-contractor during installation.
The above setbacks could have been tackled usiggiNdalue Design (TVD) and Value
Engineering. These measures contribute in maximizalue and sticking to a set budget.
Another example of waste in the design and constru¢hat would have been avoided
by TVD was during the design of the exterior fagathat control the intensity of sunlight
and moderate the building’s internal temperaturem& facades were designed and
installed towards the North side; these facadesanently considered useless because
the sunlight has no impact on this cardinal digetcti

When it comes to classroom furnishing, modernsctasm furniture that are both
mobile and customized for student grouping wasupetHowever, traditionally minded
stake holders objected to the modern furniture asked for complete traditional
classroom designs because some classes are tcethdausexams. In return, all new
furniture was removed and replaced by traditioresighs, adding even more waste to the
project. Innovative ideas would have been possibktakeholders were involved and
consulted early on in the design phase. The invobre of different stakeholders in the
design phase not only guarantees enhanced comrtianiead better understanding but
also ensures quality, cost and time efficienciedlaBoration of various parties and the
alignment of interests of the shareholders is #sdof lean construction.

The insights gathered from the interviews, as saeove, explain the end-users’
dissatisfaction with many IOEC services such assttaom furnishing, noise levels,
thermal comfort and air quality and clearly showwhthe planning and construction
processes of the complex affect the final prodadtthe overall satisfaction rate.
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CONCLUSIONS &RECOMMENDATIONS

The case study above for IOEC serves as a solich@eato further proof the importance
of involving end-users in the design of future patg, especially that the value of any
construction project is always seen from the eydbhe customer. Big budgets and long
planning processes do not necessarily guaranteesdatisfaction if the end-users are
not involved and value in the eyes of the end isseot explored.

The end user dissatisfaction in the engineeringptex can be attributed to different
reasons, some of which can be considered as swbjestd the others mostlyrelated to
the handling of the planning, design and constoacipphases. During the design and
construction of the project, many issues betweendifferent entities (contractor, AE,
etc.) became apparent. These conflicts have caomédbin one way or the other to the
reduction in end user satisfaction.

In order to narrow down such conflicts in futumejpcts, and fulfill a better end user
satisfaction rate, a shift in planning perspectiseneeded and a number of lean
management processes are to be implemented. Dastgplanning units in educational
facilities such as the FPDU in AUB are encourageéirtd lean innovative measures to
improve design without impacting an increase in ¢eg., Target Value Design, Target
Costing, and LPS) and eliminate non-value addiniyiies and design concepts in order
to reduce time and cost and increase overall valughe facility. They are also
encouraged to command proper sharing of informadod data (less tedious RFIs,
enhanced communications) between the differentebtaklers in order to help achieve
value, explore different alternatives to come ughwhe most suitable in order to avoid
rework or maintenance problems and apply globakats of local optimization. Most
importantly, the design and planning team shoulghahe client’s needs with that of the
end user and involve the latter as heavily as ptessiuring the entire project phases to
guarantee project satisfaction. Applying all theowab is the first step towards Lean
Project Delivery to increase the delivered valuéh®end user in terms of safety, quality
and value fulfillment.

FURTHER STUDY

More studies can be performed to investigate th@l@dmentation of lean principles and
methods that were suggested in this paper in futdiecational facilities construction
projects. Further studied can even focus on coimgnclients to shift from traditional to
lean perspective to provide better quality projeatd higher value to the end- user in the
future.
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EVALUATION OF CUSTOMER VALUE BY
BUILDING OWNERSIN THE
CONSTRUCTION PROCESS

Janosch Dlouhy?, Stephan Wans” and Shervin Haghsheno®

ABSTRACT

Lean Construction is mainly linked to the creatiohvalue for the client/customer.
Rarely do construction publications address metlmodsodels to understand, determine,
or define the core concept of this value. This pagiges an overview of existing
approaches outside the construction sector and #pglicability to the construction
process is analyzed. The Means-End Model — widsgdun scientific customer studies
outside the Lean Construction context — is therestigated further and the Customer
Value in the construction process is structureaiting to it.

KEYWORDS

Value, Customer, Client, Building Owner, Value Mgament, Means-End Model.

INTRODUCTION

Customer Value is a fundamental concept in LeannKihg. Simultaneously,
understanding Customer Value is the first and fastnhean Principle to which all others
(value chain, pull, flow and continuous processnowvpment) should align) (Haghsheno
et al.2015. It is therefore important to define teen Customer Value and to understand
what factors influence it. This is especially tfioe the utilization of Lean Principles in
the construction industry, since construction prtgeare inherently customer driven
(Fadhil Dulaimi 2005).

Contrary to this stands the existence of many ralnesadding activities in most
construction projects (Bglviken and Koskela 201B9r this reason, it seems as if
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Customer Value is not given enough attention instmction practice. In addition, Lean
Construction theory states that its biggest weakities in understanding the nature of
Customer Value (Bertelsen 2004). Among the reagonghis, as identified by other

authors, are:

e A commonly accepted and used definition of Custoratue does not exist
(Drevland and Lohne 2015).

» Customer Value is an established field of intemesharket and business research, but
the results are barely used in the Lean Constmuciionmunity (Drevland and Lohne
2015).

* Most IGLC publications respect the value of thelding for the customer. The
construction process is the value generator indhigext. Since construction projects
last for a longer period, the participants also ehav rightful interest in the
organization of the processes in that project) (EMBDO05; Binninger et al.2017).
Only few authors include this perspective in Custorialue research for Lean
Construction.

These facts show the need for a commonly accemaiteon of Customer Valueand
a better understanding of the influencing factvgh the goal to develop an approach to
describe those factors, a literature study has beaducted. This paper then presents an
approach for defining the Customer Value based Bleans-End Model.

CURRENT APPROACHHESTO CUSTOMER VALUE IN
CONSTRUCTION

The term “Customer Value” implies two questions:H@Vis the customer?’ and ‘what is
value?’ Answering these questions is essentiagéfbablishing a better understanding of
Customer Value. Depending on the scientific perspecthese questions might be
answered differently.

THE BUILDING OWNER ASTHE CENTRAL CUSTOMER IN THE CONSTRUCTION
PROCESS

There are many participants in the constructiorcgge who can be the customer. To
define Customer Value, it is therefore important darify for whom the value is
investigated. Figure 1 illustrates this by showagossible structure of a construction
project in which a company is financing and usimg Ibuilding for itself.

While many customer relations are apparent in thesttuction process, one that is
particularly important is that of the building owrte the other project participants. Since
the building owner has big impact on the constarcprocess due to his rights and duties,
he is a central figure. While the end user is nyastlerested in the usage of the outcome
(building) of that process, the owner itself doeaare about the construction, since it
is his financial and temporal investment that alothe realization of the project.
Sometimes (as seen in Figure 1) the building ovanerthe end user are even part of the
same company or are represented by the same persmh, gives him an even bigger
importance. Also, in general language usage, thieibg owner is meant when talking
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about the customer or client. The building ownetherefore the target of the following
analysis in this paper.

External designers, and consultants

- Responsible person for building design

1 1
1 1
1 1
1 1
1 1
: Building user l I
1 1
1 1
1 1
1 1
1 A

- Responsible person for project
management during construction

External project

General contractor
management company

*

Sub contractors

Supplier # Customer

Figure 1: Possible customer relationships (arramwg)company’s construction project,
where the supplier is delivering information, seed or products.

THE VALUE OF THE BUILDING OWNER IN THE CONSTRUCTION PROCESS

The question “what the customer’s value is” requaavholistic answer. Many authors of
various specialist fields deal with finding thissarer. The result is a multitude of
definitions and models. They all see Customer Vasiesomething that is linked to the
customer’s wants or needs and they can be sortedtlinee categories: Component,
Relationship and Means-End Models (Salem Khalif@420In the following it will be
analyzed whether these models are applicable tdaofes Value in the construction
process.

The Basis for this analysis is the idea of a precesented customer value.
Investigations must therefore consider, that tlssdnot only concern a physical product,
but also a process. This process has the goal lmkvacg a product (building).
Additionally, business to customer (B2C) and bussn® business (B2B) relationships
are possible. The resultant project organizatistralctures are noticeably different, and it
is assumed the decision-making processes for ssitiesstomers are more rational than
those of private customers (Gerth 2015).

Component Models are the simplest models. Theyribesthe various component
parts, which may have a greater or lesser effecCostomer Value depending on the
product and customer. Well known models includes¢hivtom Kaufmann (Salem Khalifa
2004), Sheth (1991) and Holbrook (Gallarza and $ziira 2006). They provide good
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descriptions of the influential factors and howythifer from one another and they are
well suited to evaluate product attributes (Khal#@04). As they do not give any
subjective evaluations, they are also suitablebiminess relationships characterized by
rational decisions.

They, however, do not assess the interaction betweemponents or between
customer and supplier. They are therefore leseduid assess Customer Value in
interactive processes. While some categories cappked to the construction process,
the result is highly simplified and only few intelationships are considered.

Relationship models (also “value exchange models”) place different ponents of
value in relation to one another to analyze th#&gce on the customer. They have the
common feature of comparing and weighing up adym#aand disadvantages to the
customer. For this they use conceptual pairs ss¢henefits received — sacrifices made”
(Salem Khalifa, 2004), “perceived advantages —eieed disadvantages” (Huber et al.
2001) or “positive consequences — negative consegsé (Woodruff 1997). Additional
approaches are defined by Dodds (et al. 1991), &aléWNood (1994) and Woodruff und
Gardial (1996).

Relationship models are more complex than Componatels and include many
relationships that go beyond the sales process.niddels attempt to describe these as
rationally as possible and are therefore also epbple for B2B relationships. A weakness
of Relationship Models is that they do not exphlaimy particular attributes are evaluated
as positive or negative, or important and unimpurtay the customer as they do not
consider the underlying goals of the customer. Aoddally, Relationship Models are
static. They compare positive and negative atteibatt a point in time, meaning analysis
of dynamic relationships such as those within aoictibn processes are difficult to
assess. This means that Relationship models hadydiraited applicability for processes.

Means-end models are a third way of discussing Customer Value. €hssek to
determine a connection between the attributes mfoduct or service (Means) and the
goals of the customer (Ends). They do describe edntain attributes are of value to the
customer and in relation to which goal. They arertiost used approaches for describing
Customer Value in literature on consumer behav@aldm Khalifa 2004). One of the
most well-known of this type of model is that of @ébuff (1997).

Means-end models explain how the customer valuesattributes of a product or
process. Hereby they include the goals of the custo They explicitly address the
consequences of a product or process caused dtiveig use. Therefore, dynamic
relationships are easier to describe than in tHatieaship Models. Means-End Models
rely less on specific attributes such as price gndlity and thereby have greater
flexibility in application. Due to their abstracature, Means-End Models can be applied
in many ways. However, some areas such as weiglpragdvantages and disadvantages
are nonetheless better described by relationshgletaoThe primary disadvantage is that
the models do not show how many disadvantagestamas is willing to accept, and if
these can be balanced out by the advantages.

Conclusion: analysis of the models shows, thattbmponent Model gives an overly
simplified image of Customer Value and is too prdduariented. The Relationship
Models are also not suited to processes due to stegic approach and their inability to
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describe why certain factors are important to th&t@mer. For this reason, the approach
of the Means-End Models is best suited as the fasia Customer Value Model. They
are abstract enough to describe the complex exscutf construction processes.
However, to create a system based on the Meansviedels, the approach of the model
must be adapted to suit the construction industry.

DETAILING THE MEANS-END MODEL FOR THE
CONSTRCUTION PROCESS

The Means-End Model described above is made upttobwes and their resultant
consequences for achieving the goals of the custofpplying this to the construction
process and customer, results in the following lle\a# hierarchy: “Attributes of the

Construction Process”, “Consequences of the CartgiruProcess Attribute” and “Goals
of the Customer in the Construction Process” (3ger€ 2). These will be investigated in
greater detail in the following paragraphs”.

Customer's goals in the construction process
Influences the required ‘ t Influences reaching the
consequences customer’s goals

Consequences of the construction process attributes

Influences the required ‘ f Influences the generation of
characteristics required consequences

Attributes of the construction process

Figure 2: Concept of a Means-End Model for the @oiction Process

ANALYSISOF CUSTOMER GOALSIN THE CONSTRUCTION PROCESS

Aside from completing the building, the generaltouger goals (time, cost, quality; as
well as simple and efficient consideration of casto rights and obligations (Wollensak
2013)), are the main motives of the customer. Requents of the construction project
and its participants result from these. Additioregjuirements do not lie in the customer’s
core interests, but rather are caused by envirotah&actors. These must be accounted
for to prevent negative consequences. The resukgpirements, however, are made on
his or her behalf. Together these customer demandsexternal conditions form the
requirements whose fulfilment is the goal of thestauction process (Kamara et al. 2000)
(see Figure 3).
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Legal system Society Economic system
Natural surroundings Political system

Design :
C_u_stomer‘s —» Needs =% Requirements v4 uilding usage =» Bgachlng
original goals : original goals
onstruction

Figure 3: Influence of demands and conditions guirements of a construction process

ANALYSISOF CONSEQUENCES OF THE CONSTRUCTION PROCESSATTRIBUTES

The customer’s goals in the construction processrdluenced by the consequences of
the process characteristics. One could also oadletlthe state of the construction process.
Analyzation of the customer’s goals and interviewsh many leading responsible
project managers in a worldwide operating entegpriesulted in four relevant
consequence-categories: information, project strectteam and construction process.
The detailed items in these categories can be foundrigure 4 and might be
complemented in the future.

ANALYSISOF CONSTRUCTION PROCESSATTRIBUTES

The attributes are the attributes of the constoagtirocess. The characteristics that are of
interestdiffer depending on the perspective on twmstruction process and the
investigated topics. For example, a charactercdidd describe the type of construction
process, materials, type and number of worker®rtieyg and meeting requirements, type
of logistics etc.

A MEANS-END MODEL FOR THE CUSTOMER VALUE IN THE CONSTRUCTION
PROCESS

Using the goals, consequences and attributes tbed analyzed before, the Means-End
Model (Figure 2) can be detailed as shown in figlre

The system has three main principles: (1) The fadgtdluencing Customer Value are
the customer’s goals in the construction procdmsattributes of the construction process
and the consequences of those. (2) The system gxasples of how these goals,
consequences and attributes appear in detail aedar&Ze them (3) Customer Value is
the sum of its attributes and consequences seethébycustomer as contributing to
reaching his or her goals in the construction pgece
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GOALS
of the customer in the construction process

Fulfillment of NEEDS Fulfillment of CONDITIONS

Communication

Decision making

Resource provision

Hard needs Soft needs Duties Surroundings
Cost Flexible Controlling Environment
Schedule MecisonmECIng Coordination Society

Quality SanpRrtion Documentation Market/economics

Political situation

Laws and orders

Sum of all attributes and consequences that the
customer evaluates as benefical for his goals

l Customer Value = I

CONSEQUENCES
of the construction process characteristics
PROJEKT- CONSTRUCTION
biRo Lt el STRUCTURE HER PROCESS
Transparency Standards Trust Continuous
Efective and Clear Commitment progress
efficient Responsibilities and motivation Predictability

communication d
Flexible processes

and product

Learning effects/
continuous
improvements

In-time decision

making Security, order,

cleanliness

area prioritization

4 L)

ATTRIBUTES
of the construction process

Figure 4: Detailed Means-End Model for the congtauncprocess

FINDINGS

The analysis of existing models for Customer Valbewed that a Means-End Model is
capable of structuring Customer Value in the camsion process. The result is a
process-oriented model of Customer Value, whictat® has been rarely investigated in
the context of construction projects. The Means-Bpgroach shows, that Customer
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Value is not a characteristic of the customer anubit equal to ethical or personal values.
Similarly, Customer Value cannot be considered \ejant to requirements, wishes,
goals or demands. Rather, Customer Value is thedfuhre attributes and consequences
which the customer has evaluated as useful foreantg his or her goals. A conclusion
of the system is therefore:

Fulfilling customer requirements = Value Creation
but: Customer requirements# Customer Value

Moreover, the system provides a framework for aatieghg many other terms that play
an important role in the construction industrythis way, for example, the significance
of trust (McDermott et al. 2005) and cooperatiomy® and Rowlinson 2004) in the
construction process have long been known.

The Means-End Model defined by Woodruff not onlynceptualizes the customer
value, it also serves as a basis for a definitibrthes term (Woodruff 1996). This
approach and definition, can be adapted slightlyntdude the construction process as
well:

“Customer Value is the result of a customer's peee judgement of those product or
process attributes, attribute performances, andsegpuences arising from those that
facilitate (or block) achieving the customer's goahd purposes in a product’s use

situation or in a process.”

According to this, it is not goals that define @user Value, but rather the attributes,
attribute performances, and consequences thatdeachieving the goals of the customer.

CONCLUSION & DISCUSSION

The basis of this research is the emergence obmestoriented management approaches
in the construction industry. There are curreniiyngicant weaknesses in how this topic
is dealt with (Bertelsen 2004). The model develoipetiis paper provides an approach to
provide a deeper understanding of Customer ValgngdJexisting considerations for
process-oriented Customer Value (Emmitt, 2005; Bigaret al. 2017) it extends the
currently predominant product-oriented perspectimeCustomer Value. Furthermore, it
uses the Means-End approach - widely used in siitentistomer studies outside the
Lean Construction context - as a basis for detangiCustomer Value (Salem Khalifa
2004). Making it possible to incorporate existingptvledge from other specialist fields.

While many project participants can be labelledttss customer, in this case the
building owner is considered as the central figuréhe construction process. Further
research is required to understand to what extelttktianal goals and consequences
influence Customer Value and what priorities aré kg other customers in the
construction process. Moreover, the question resnafitnow suitable Means-End Models
are for describing product-oriented Customer Valeg. buildings) and if additional
goals, consequences and attributes need to bedeoedi

The model should also serve as a basis for targatéadtonsistent use of terminology
for describing Customer Value. Currently it is mdstquently defined as related to
fulfilling requirements (Koskela 2000). Other authaliscuss fulfilling demands and
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reaching strategic goals (Haddadi et al. 2016) efimd Customer Value as “what the
customer wants” (Orrechia and Howell 1999). Foommon understanding of Customer
Value these inconsistencies must be minimized turéu
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USING DESIGN SCIENCE RESEARCH AND
ACTION RESEARCH TO BRIDGE THE GAP
BETWEEN THEORY AND PRACTICE IN
LEAN CONSTRUCTION RESEARCH

Sheriz Khan* and Patricia Tzortzopoulos®

ABSTRACT

The descriptive approaches, like case study, iernsurvey, observation and document
analysis, widely used by the lean construction comity to investigate managerial
problems in the construction industry, typicallpyide explanations of problems and not
solutions to them, leaving a gap between theory practice. Two prescriptive
approaches—design science research and actiorraleseare therefore recommended.
Design science research and action research dtesnative approaches for studying,
understanding and solving practical problems astnig innovative solutions in design
and construction management, for bridging the gatvéen theory and practice and for
making academic research more relevant to practieg.can be used to develop and/or
test solutions to managerial problems in the cowstin industry and generate new
knowledge and/or theory.The purpose of this papéwp describe design science research
and action research and discuss three cases otdemtruction research in which these
approaches were used effectively.

KEYWORDS

Design Science Research (DSR), Action Research,(R&n Construction (LC), the
Last Planner System (LPS), Benefit Realization.

INTRODUCTION

The descriptive research approaches that havetitraally been used to investigate
managerial problems in the construction industryehgypically placed investigators in
the position of observers, rather than solvers roblems and agents of change, thus
producing results that are of marginal value toctfica (Holmstrom et al., 2009).
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Prescriptive research approaches, like DSR and“ééuld be more beneficial for the
construction industry and may lead to better mamayé practices, more effective field
procedures, and improved levels of productivitAzlfar et al., 2010, p. 87). These two
approaches make it possible for practitioners tldves to become involved with
researchers in studying their work (Stenhouse, 18n8 becoming co-researchers, co-
problem-solvers and co-agents of change. Howev8R @Bnd A Rare rarely considered
when investigating and solving managerial problemsthe construction industry,
including lean construction research.

Daniel et al. (2015) found that the vast majorifystudies with defined methods
published by the International Group for Lean Comgton (IGLC) on the
implementation of LPS in building projects usedalgdive research methods like case
study, interview, survey, observation and docunaeatlysis (see Figure 1). According to
Daniel et al. (2015, p. 159):

...this should be a point of concern to the IGLC aesle community that is

seeking to build lean construction on sound themaed principles for better

practice. Sound theories can only be developed fswund methods and
methodologies...

No defined methodological consideration
Defined methodological consideration section
Case study only

Interviews

Survey

Observations

Case study/ Action research

Design science research approach

document analysis

0 5 10 15 20 _ 25 30
Numbers of Studies

Figure 1: Research methods used in LPS implementegtported in fifty-seven IGLC
conference papers (Source: Daniel et al., 201559)

Below, the authors briefly describe DSR and ARjuarthat LPS is a good example of
an output of what may be considered design sciessmarch and demonstrate how action
research was used in two PhD investigations toempht LPS in two building projects
and evaluate its effectiveness in increasing proboi@lanning reliability.

DESIGN SCIENCE RESEARCH

DSR has its origin in engineering and the scienziethe artificial (Simon 1996).
According to Lukka (2003), DSR “focuses on develmpand evaluating innovative
artifacts, intended to solve real-world problemsl do make a contribution to the
theory of the discipline in which it is applied.”avich and Smith (1995) proposed
four artifacts that can be developed and evaluateddSR: constructs, models,
methods and instantiations (see Table 1).

210 Proceedings IGLC-26, July 20[1Bhennai, India



Using Design Science Research and Action ResearBlidge the Gap
between Theory and Practice In Lean ConstructioseBech

Table 1: Artifacts of DSR as defined by March amait§, 1995

Artifact/Outputs Definition

Constructs Concepts forming the vocabulary oflamain. They constitute a
conceptualization used to describe problems witiendomain and
to specify their solutions.

Model A set ofpropositionsor statementsxpressingelationships among
constructs. In design activities models represgmaisons as problen
and solution statements.

Method A set of steps (an algorithm or guideline) usquktdormatask.
Methods are based on a set of underlying constflaciguage) and a
representation (model) of the solution space.

Instantiation The realization of an artifact in its environmethft is, the
implementation(s) of constructs, models and methdeisonstrating
the feasibility of the conceptual elements thatgbi@tion contains.

ACTION RESEARCH

AR is a strategy for implementing and evaluating exsting solution to a practical

problem in its organizational context, with the Whedge acquired from the

implementation and evaluation used to make recordatems for future implementation
of the solution (livari and Venable, 2009)and t@duce guidelines for best practice
(Denscombe, 2010). Lewin (1946) is credited witbngiering AR. According to him,

social practices can only be understood and chabgedvolving and being involved

with the practitioners themselves throughout aruiyg He portrayed AR as a spiral of
learning cycles consisting of planning action, makiaction, evaluating action and
amending the plan based on what was learned.

PARADIGMATIC ASSUMPTIONS OF DSR AND AR

According to Vaishnaviand Kuechler (2008), DSR nsakertain ontological (concerned
with the nature of reality, what is real and whanot, what is fundamental and what is
derivative) and epistemological (concerned withrihture of knowledge and how we can
be sure of what we know) assumptions that set d@rtafrom the positivist and
interpretative theoretical perspectives. For exanpDSR advocates creative
manipulation and control of phenomena through theetbpment and application of
solutions while the positivist theoretical perspexis mainly concerned with the pursuit
of truth (Vaishnaviand Kuechler, 2008). Based oa fibregoing, it may be argued that
DSR is more than just a research approach; itnkae new way of looking and thinking
about research (Manson, 2006). The procedures doducting and the criteria for
assessing DSR are therefore different from pro@sdfor conducting and the criteria for
assessing natural science research and formalcecresearch. DSR aims to construct
new and innovative ways to solve a class or clas$gsroblems, thus creating new
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reality. AR differs from DSR in that it does notcessarily aim to construct new and
innovative solutions for a class or classes of j@mls. Much of AR is conducted to
understand existing reality, such as the compleskings of organizational situations and
human behavior (livari and Venable,2009).

THE LAST PLANNER SYSTEM

Glenn Ballard and Greg Howell developed LPS ashaonvative pull production control
system that is needed to supplement the traditipush project management system in
order to increase production planning reliability idesign and construction
projects(Ballard, 2000), using an approach sinaDSR (see Table 2). The output of
their work may be regarded a method (or systemiledimed in Table 1.

Table 2: Similarity between the approach adopte@#@ard and Howell and the
DSR steps proposed by Kasanen et al. (1993)

Kasanen et al.
Step (1993)

1 | Find a problem with Ballard and Howell found a problem with practicallevance and
practical relevance | that also had research potential: low producti@mping reliability
and that also has | associated with traditional the project managermgstems.
research potential

Approach adopted by Ballard and Howell

2 | Obtain an Ballard and Howell obtained an understanding oftdipéc.
understanding of theThrough literature review, they gained an undeditanof
topic production and production control, traditional e

management, previous applications of productionirobnoncepts
to the AEC industry, principles for a productiomtiol system
proposed by Koskela (1999) and criteria for a depigpduction

3 | Innovate, namely, | Ballardand Howell innovated, i.e., they construcgedolution.
construct a solution| They developed LPS as a solution to low plannitighgity
associated with the push project management syséelitionally
used in design and construction. They added “aymto@h control
component to the traditional project managemenesays
(Ballard, 2000, p. 3-14).

4 | Demonstrate that | To demonstrate that the solution works, Ballardd®Gnalyzed
the solution works | data collected during the implementation of LP®&lements of it
in five design as well as construction projectse Tiethods he
used to collect data included direct observatiorierviews,
guestionnaires and document reviews. He reliedR@sRPercent
Plan Complete), RNCs (Reason for Non-Completiotasiks) and
“team member assessments” (Ballard, 2000, p. 4dl@jeasure
the performance of his system.
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5 | Presentits Ballard (2000) presented the connection of LP®i¢otties on the
connection to theoryapplication of lean production principles to couastion by

and its contribution | Koskela (1992) and on production control in congian by

to research Melles & Wamelink (1993). He presented the contidouof LPS
to research by demonstrating that LPS combinegipeawith
theory through research.

6 | Assess the scope gfBallard (2000) assessed the scope of applicatidineoolution.
application of the | He found out that LPS improved workflow in constiag (prime
solution as well as subcontracted) projects and in desigjeqts.

USING AR TO IMPLEMENT AND EVALUATE THE
EFFECTIVENESS OFLPSIN CONSTRUCTION PROJECTS

The construction industry in Saudi Arabia sufferenf acute managerial problems,
including poor planning, low productivity, mistakaad rework (MOP, 1997; Al-Sager,
2001), which cause costly delays. Traditional camsion planning practices lack a
mechanism to manage workflow (Ballard, 2000; How20l03). Studies have shown that
LPS reduces workflow variability during the constian stage of building projects by
increasing planning reliability through greater labbration in the planning of
construction tasks and better coordination of watween the building trades.

LPS has four planning levels: Master Planning, Bilanning, Look-ahead Planning
andWeekly Work Planning(WWP). For his PhD reseaAdBehaimi (2011) adopted an
AR approach to facilitate the implementation of LPBase Planning, Look-ahead
Planning and WWP in two large construction projectSaudi Arabia over an eighteen-
week period and evaluate its effectiveness in imipg the construction planning and
control process and reducing delay. Figure 2 sunzesthe procedure AlSehaimi (2011)
followed.
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Phase Tasks

Workshop on Lean andTraining on

H

First Phase
Work shop and
observation for

Observation of the current planning

practice:

the current practlce

Second Phase
Short term weekly ,
[ planmings make ready Identifying reasons for incomplete

Calculating PPC
Preparing a list of activities for the
Third Phase Coming weeks
Weekly planning + Look
ahead planning + Phase Do constraints analysis
Planning
Phase planning Sessions
™ :
Fourth Ph ] Interviews with involved people
Evaluation of LP
Implemeniation

{interviews+
GQuestionnalrey

Interviews with PM and planning
engineer about the current practice:

Preparing weekly planstHmake ready

L4

Burvey Questionnalre

A

Figure 2: The LPS implementation procedure followgdAlSehaimi (2011)

AlSehaimi (2011) referred to one of the constautprojects as B12 and the other as
B16. He collected data for his research througbrurtws, observation, document review
and a survey questionnaire. He synthesized, ardhlymzé discussed the data he collected,
and he compared his findings with those of eadtadies on LPS in other countries. He
reported PPC in Project B12 rising from 69% in Wéeto as high as 100% in Week 6
(see Figure 3) and PPC in Project B16 rising frd&%4n Week 2 to as high as 84% in
the Week 10 and Week 13(see Figure 4), although gtioject was always struggling to
keep pace with the weekly and look-ahead plansausecthe available workforce was
insufficient to meet needs” (AlSehaimi, 2011, p.6R2The responses to his survey
questionnaire revealed that LPS provided many adgas over traditional methods of
project management to both the contractor and wreen Based on the lessons learned
and knowledge gained in his research, AlSehaimiI2@ade four recommendations for
the implementation of the LPS in the Saudi Consimadndustry.
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Figure 4: Trend in PPC values for Project B16 (A&mi, 2011: 227)

USING AR TO IMPLEMENT AND EVALUATE THE
EFFECTIVENESS OFLPSIN DESIGN PROJECTS

At the WWP level of LPS, the right sequence of warkl the right amount of work that
can be done are selected (Ballard & Howell, 19843.therefore believed that LPSWWP
can be used as a production control mechanismuoeedorkflow variability during the
design stage of building projects by increasingpiag reliability through greater
collaboration in the planning of tasks and bettardination of work between the design
disciplines. For his PhD research, Khan (2016)astbpin AR approach to facilitate the
implementation of LPS WWP and short-term make-repthnning during the final
twelve weeks of the sixteen-week design developrpbase of a seven-story hotel and a
six-story apartment at two different AE firms inoRtla and evaluate their effectiveness
in increasing planning reliability and reducing wiow variability. As shown in Figure
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5, his research took the form of a flexible sppebcess which allowed action (change,
improvement) and research (understanding, know)etigbe achieved at the same time
(Dick, 2002).
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Weeks 5 through 18 ﬂ

7 Exploratory Study u
Weeaks 1 through 4

Running LPS WWNP
training workshop..
Preparing LPS WWP 1.

Recommending LPS VWP,
Offering to facilitate LPS WP
implementation and evaluation.

— DIAGNOSIS

Identifying deficiencies.
Considernng different remedial
actions and selecting one.

Examining cument
design planning practice
in collaboration with practitioners.

Figure 5: The action research spiral (Khan, 2016)

PPCs were collected at the end of each of the fosr weeks of the design
development phase to measure planning reliabilitying this period of traditional
weekly task planning (WTP).These PPCs were laterpased with LPS WWP PPCs to
determine whether there had been any increase avea® in planning reliability and
thus any decrease or increase in workflow varigbilrigure 6 show a steady rise in
PPCs in both design projects after the fourth weselggesting that LPS WWP was
effective in increasing planning reliability in otesign projects and thus improving
design workflow.
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Hotel Project and Apartment Project
Trend in overall average PPC
(Weeks 1 through 16 of the design development phase)
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Figure 6: Both design projects—changes in overalage LPS WWP PPC

PPC measurements taken before and after the ireptation of LPS WWP increased
by an average of 12.1% in the hotel project andrbyverage of 13.9% in the apartment
project after LPS WWP was implemented, represenéingupward trend in PPC and
continual improvement in design workflow (see Fayid).

Hotel Project and Apartment Project
Overall Average traditional WTP PPC and LPS WWP PPC
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Figure 7: Both design projects—traditional WTP P&@ LPS WWP PPCcompared
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Using the knowledge gained and the lessons leallnadg the implementation and
evaluation of the LPS WWP and short-term make-regaldyning in the two building
design projects, Khan (2016) made twelve recommendafor future implementation of
LPS WWP and short-term make-ready planning durregdesign development phase of
similar design projects.

CONCLUSION

Lean construction is the adaptation of lean manufagy principles to building design
and construction processes. Adaptation of leancyples from the manufacturing
industry requires the development of valid andaid& knowledge that can be used to
create lean solutions to practical problems indtsestruction industry. DSR can be used
to develop such knowledge. Lean solutions to prattproblems in the construction
industry can be implemented and evaluated in thrgjanizational context using AR. AR
is a research approach based on a collaborativei@®otesting relationship between
researcher and practitioners that can be used pement and evaluate innovative
solutions to practical problems in their organiaaél context, with the knowledge
acquired from the implementation and evaluationdue make recommendations for
future implementation of the solution (livari andenable, 2009) and to produce
guidelines for best practice (Denscombe, 2010).

The authors strongly recommend DSR and AR as tle research approaches for
developing, implementing and evaluating innovatean solutions.
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DETERMINING BENEFIT-UNDERSTANDING
BUILDINGSAS PRODUCTION SYSTEM
ASSETS

Frode Drevliand® and Vicente Gonzalez?

ABSTRACT

Maximizing the client value delivered from constian projects is to large degree a
matter of maximizing the benefit in use of the basset. To do so, we must be able to
accurately assess the benefits of a proposed @olati the time of design. While some
authors have looked at simulation solutions fomeixiang this issue, we believe that this
research is putting the proverbial cart before tharse. A more fundamental
understanding of what answers we seek is neededebednsidering how this technically
speaking could be done

In this paper, we first develop an understandinguwlidings as production assets from
a production theoretical point of view by reviwimglevant production theory in the
context of buildings. Therafter, we discuss whaggfions we must be able to answer to
optimize building as production assets in lighttie¢ previously developed theoretical
foundation. Finally, we discuss how these questaarsprincipally be answered through
different evaluation approaches.

Keywords:. Fitness for purpose, theory, value

INTRODUCTION

Project Management has in the past decade shifted focusing on delivering a set
scope within a given schedule and budget, towaadisevdelivery (Laursen and Svejvig
2016). Value is the relationship between cost aedebt (Dreviand and Lohne 2015;
Kelly 2007). Thus, delivering value is a matterreflucing costs or increasing benefits
compared to some baseline. While reducing cost& inonstruction project is not
necessarily straightforward, it is at least congejty well understood. Delivering
increased benefits, on the other hand, is morevelus

What are the benefits of buildings? In prehisttintes, humans went from relying on
caves to erecting tents and other simple structorpsovide protection from the elements.
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Determining Benefit-Understanding Buildings as Rratibn System Assets

While being shielded from sun, wind and rain ai# Benefits sought from buildings
today, the situation is now more complicated.Fatance, buildings also provide access
to clean water and sanitation.

Buildings can serve many different purposes.Accaydio Blakstad et al. (2008),
buildings are either built to serve as residenagshiiman population, or to serve as
production assets. While there are commonalitiesow buildings provide benefits for
these two purposes, we will in this paper focudoitdings as production assets.

As a production asset, the role of a building ienable the business processes of the
organizations that will occupy it (Mahal 2010). Acding to Mahal, a business process is
“the combination of a set of activities within artezprise with a structure describing
their logical order and dependence whose objedsvi® produce a desired resulifThe
benefits of buildings, that are considered prodaunctissets, will therefore be a function of
how well the business processes they should suppentunning. Thus, delivering more
benefits, and thereby value, is a matter of engutitat the business process that the
building should support are supported well (Balladd8).

In the research literature, when discussing a gkl fitness for purpose, the term
usability is often used (Blakstad et al. 2008; Laaret al. 2010). The term originated in
the ICT industry and is defined as tletent to which a product can be used by specified
users to achieve specific goals with effectiverefisjency and satisfaction in a specified
context of use” (ISO 1998). Furthermoregeffectivenessis the “accuracy and
completeness which users can achieve specifieds’gaafficiencyis a measure of the
“resources expended in relation to the accuracy aminpleteness with which users
achieve goals”,and finally, satisfaction isffeedom from discomfort, and positive
attitudes towards the use of the producthe goals buildings are expected to achieve are
related to their functions as productions assets.

There exists a significant body of literature orwhbuilding performance can be
improved. In the field of facilities managementg timost prevalent method described in
the literatureis Post-Occupancy Evaluation (POH)e Tethod focuses on evaluating
actual building performance and relies heavily serusurveys to map the usability and
performance of buildings (Cohen et al. 2001).

Assessing the performance of an existing buildiag belp us to tweak operating
parameters such as airflow and lighting, and it lealp decide if the building is fit for
supporting its current use. Also, the knowledgengdicould help inform future projects
(Leaman et al. 2010; Rybkowski 2009). However, &awehany significant impact on a
building's performance, we need to assess the rpaafice of the building before it is
built. Buildings are large complex systems thategelty have a very long lifespan, and
making changes to them are costly. Once a buildirgilt, the processes that will take
place within are irrevocably affected for betterfar worse for a long period. According
to Smith (2009)jmproving the productivity of the people or prosethat occupy a
facility by just 3.8% would pay for the entire fidgi — design, construction and
operations and maintenancelf we can accuratelyasses the performance of aibgil
that is still on the drawing board, we can fundataiynimprove the design for the better.

Some authors have looked into computer-aided appesafor assessing building
performance at the design stage. Both Simeone @rdviant (2012)and Kalay et al.
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(2014)propose an agent-based approach to simdlatduilding in use. However, we
would argue that this research is putting the piwmeé cart before the horse. A
fundamental tenet of computer simulation is notrrtake the simulation model more
detailed than what is required to answer the gomestat hand (Law 2007). Furthermore,
simulation might not even be beneficial. Sometinaeslytical approaches are more
effective.

Additionally, we have found that this research keakproper theoretical underpinning
for under standing buildings as production systefmastructure. We would argue that
such an understanding should be the starting fpairdny method aimed at assessing the
potential benefits of a building in use. In thigppa rather than look at techniques for
building simulation, we look at the question of hawv develop an understanding of
buildings as production assets from a productiaodhetical point of view.Furthermore
we discuss what questions must be answered if weet@roptimize buildings as
production system assets, and investigate poteang@ders to these questions.

From a business perspective, buildings can havh bwtrumental and symbolic
benefits(Drevland and Klakegg 2017). The former icgmfrom directly supporting
business process directly, while the latter frorovpting image and identity for the
organization(s) housed by the building. In this grapve limit ourselves to consider
instrumental benefits.

BUSINESS PROCESSES VERSUS PRODUCTION PROCESSES

Ideally, we should measure the performance of th@nless processes that a building is
meant to support. In a POE context, the actuabpadnce of business processes can be
measured and benchmarked with similar processesnitar buildings. However, at the
design stage, where designers are deciding laymgs) functions and such, they need to
consider issues at a more detailed level. Moreasentain business processes, such as
customer acquisition and quality assurance, doconaotelate very well to the physical
aspects of a building, i.e.rooms and spaces. Howewve can instead consider the
corresponding production processes that takes ,ptamg#h as meetings with customers
(customer acquisition) and inspections (qualityueesce), and evaluate the performance
of these. Thus, we would argue that determinindop@ance and usability of a building
entails determining how well the production proessthat it houses runs.

PRODUCTION SYSTEMSTHEORY

We will in this section provide a brief overview pfoduction systems theory that is
relevant for understanding and describing buildiag@roduction system infrastructure.

Koskela’s seminal work on production theory (Kosk2D00) shows that through the
20" century three different conceptualizations of piitbn have been used. He argues
that all three are necessary and synthesises tleenone common theory; the
Transformation-Flow-Value  (TFV) theory. Historicagll the  predominant
conceptualization of production has been that Bfaansformation of inputs to outputs. In
this perspective, it is thought that the overahsformations can be decomposed into aset
of smaller transformations, which in turn can béroed to improve the whole.
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One shortcoming of the transformation conceptutiina is that it only considers
value-adding activities, i.e. where processing sagiace. Decomposing a production
process into smaller transformation activities waiko result in many non-value-adding
activities that occur in between, such as trangpiort, inspection and waiting. This is the
focus of the second conceptualization, Flow, whidmsiders production processes as
flows of materials and resources. Flow activitieer-non-value adding activities - are
considered waste and are sought to be minimizetirmmated.

Another flaw of the transformation conceptualizatis that it is prone to sub-
optimization. Neither the consequences on downstreperations nor the quality of the
final product are considered when optimizing thelen tasks. This is the domain of the
third conceptualisation, Value, which is concerméth the realization of the customers
(internal and external) needs.

In the context of assessing a buildings abilitystgoport production processes, the
value aspect is arguably irrelevant. This aspecbieerned with whether or not the right
things are done, something that is the domain edyetion system design. The question
we need to answer is whether or not a buildingaadlthe right things to be done well, i.e.
to what degree are transformation and flow acasisupported by the building.

Thus, instead of considering the usability of thidding at a macro level, we need to
drill down to a relevant level of detail and coreidhe usability of the constituent
transformation and flow activities that the prodomict system design requires. For
example, for a hospital, we must consider the Uisalof activities such as performing
surgeries and transporting patients.

With regard to the level of detail required, anyiaty could be detailed down to very
minute operations. Consider a carpenterwho isntp@i board. The act of him taking a
nail out of his pocket and moving it into positioan be considered flow. The only true
transformation taking place is when the nail isngehit on the head and moves further
into the board.

Breaking down activities into this level of detadn make sense in some situations.
For example, when developing a tool like a nail geirminating the flow of the nail from
the carpenter’s pocket to the wall). In the contexbuildings, an example of this kind of
micro-flowis the movement of doctors and nursedwitan operating theatre during an
surgery. In this paper we do not propose to exarmndetail what might be a suitable
level of disaggregation.

Assessing the usability for individual transfornoatiand flow activities has an
inherent value with regard to improving these atiéis in isolation. However, at the
system level, i.e. the whole building, doing samd-of-itself would only be sufficient in
production systems with no variability, somethihgttrarely exist in real life. To truly be
able to optimize a building as a whole, we havedasider all the activities at once,
taking into accountariability andbufferusages in the production system.

Variability in the context of production systemsutm refer to product variability,
either good - e.g. model variants, or bad - edfeas (Hopp and Spearman 2011).
However, in the context of measuring a buildingsitstto support a production system,
our primary concern is the variability in time sp@erforming transformation and flow
activities.

Lean Theory 223



Frode Drevland and Vicente Gonzalez

The Buffer law tells us that any production systesli always be buffered by a
combination of capacity, inventory and time(Hoppd a8pearman 2011). Hopp and
Spearman also refer to this law as the pay-me-nepag-me-later law. If you do not
pro-actively place buffers in the production systemu will suffer the consequence of
doing so later. Take for example restrooms. Tharele a considerable variability in the
demandto use them depending on the time of daytladctivity in the building. The
activity “going to the restroom” must be bufferddeally by capacity (more stalls and
urinals), but an inventory buffer (people waitingline) is also possible. If this kind of
buffering is not purposely considered at the depigase, buffers could haphazardly form
whenever the building is in use to the detrimenbwdrall system performance, e.g. the
case of people waiting in line to got to the restnoblocking corridors and slowing
transport through the building.

PRODUCTION SYSTEM MODEL

To be able to determine if a proposed building gleswill properly support the
production system that will be housed in the buigiwe would argue that some model
of the production system is needed. We would funtoege argue that the kind of model
required here is something vastly different froma dutcome of traditional architectural
space programming, which is a list of rooms witleafic requirements. The problem
with that approach is that it entails an early lagkof the design space. The production
system(s) that are to be housed in the buildinghtnize better served by a different
configuration of rooms. This, however, is not samrgg that can be considered without
taking into consideration the physical layout ahdracteristics of the building. A good
example is the layout of a nursing unit in a hadptThe strategic placement of support
functions on nursing unit floor plans affects cavegs’ movement, as reflected in
walking distances, timeliness, fatigue, and exp®sarinterruptions{Zadeh et al. 2012).
Thus, a bad layout of a nursing unit could leaditber more nurses being required to do
the same job or suboptimal care being provided.

In this paper we conceptually refer to a model ammg information about the
production activities that will take place in thailding as a Building Activity Model
(BAM). Furthermore, we refer to any activity diredttowards determining how well the
BAM is supported by a proposed design as a BAMuw&atain. Since nowadays building
designs almost inevitably will be expressed in séomen of Building Information Model
(BIM), a BAM evaluation can also be thought of &éng’ the BIM and the BAM

The purpose of doing such a BAM-evaluation is tbardy do an absolute evaluation
of fitness for purpose of a specific desing, bsodlo provide sufficient information to
evaluate design trade-offs to improve the desigh.aA aggregate level, there are
basically two questions that need to be answeraah tGe system work? Does it work
well? If we are benchmarking two or more designairesj each other, having key
performance indicators at the system level mighsuf@cient. However, in order to be
able to improve the design, we are not primarikgriested in any absolute performance
measurements, but rather if and where there is f@orimprovement. That is, where in
the system can ineffectiveness, inefficiency amssatisfaction be found, and what are the
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reasons for them. This requires that we acquirerimation at the activity level. Thus,

going back to the usability term, we need to undec to what degree these activities
described in the BAM can be performed from the pectves ofeffectiveness, efficiency

and satisfaction.

EVALUATION METHODS

Before considering the specifics of a BAM evaluatizve need to have a notion of the
different evaluation approaches that can be usdtkerel are fundamentally two
approaches that can be used to examine a systatysignand simulation (Law 2007).
Analytical solutions can be used if the model anepte enough. In this paper, we will
separate analytical solutions into verificatioroitwo types, verification and calculation

In the Project Management Body of Knowledge, vesifion is defined as “the
evaluation of whether or not a product, servicesygstem complies with a regulation,
requirement, specification, or imposed conditioti(P2013). In this paper, we define
verification somewhat more narrowly. Our definitiahgns with what can be found in
the systems literature, where the purpose of watifin is “showing that all system
trajectories satisfy the desired property” (Giramt Pappas 2006). In other words, the
answer to a verification question will always bbiaary true or false. Further more. “all
systems trajectories” entails that uncertainty anability can be reduced to worst case
scenarios.

Some of the answers we want from a BAM evaluatidhb& numeric. In many cases,
this will require the use of computer simulatiormwever, that is not always the case.
Thus, we will define calculation to include any mad that yields numericalanswers but
does not rely on computer simulation.

Simulation is a ratherbroad term. Law (2007) désgiit as "techniques for using
computers to imitate [...] the operations of varidieds of real-world facilities or
processes”. While we agree with Simeone and Faoray2012)and Kalay et al.(2014)
that agent-based simulation is likely most benafigihen it comes to simulating building
use, we do not here assume any specific simulatiethod when discussing simulation.

In addition to the types of evaluation that canused, we must also distinguish
between deterministic and stochastic models. Ardetestic model is one where all the
input variables are known, while a stochastic rhadea model where one or more of the
input variables are uncertain (Law 2007). Some [geopstakenly equate stochastic with
simulation and deterministic with analytical sotuti However, stochastic models can be
solved analytically. E.g. the PERT is a stochasiteduling method that initially
employed analytical methods for evaluation (Clarle62). Conversely, some
deterministic models are simply too complex to bel@ated using analytical solutions
and require the use of simulation (Law 2007).

BAM EVALUATION

In the introduction, we referred to Law (2007) wétates that modelling should not be
done beyond what is necessary to answer the questite wants to be answered. What
are then the questions we want to answer? In teeiqus discussions we have argued
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that we need information at the activity level bétproduction system(s) that will be
housed in the building. Therefore, we would ardws there are two main questions that
need to be answered. Firstly, can the activitieh@BAM can be done. Secondly, how
well can these activities be done. Below we distuss these questions can be answered
through a BAM evaluation. Furthermore, while geajtinformation at the activity level is
necessary to optimize the buildings design, dessggaed decisions makers will better be
served with aggregate level indicators as an Inigault of a BAM evaluation to give
them an overall feedback of the quality of the gesiTherefore, we also discuss what
performance indicators could be usseful at theeggaie level.

Can the activities be done?

The most fundamental type of BAM evaluation is keck if an activity can be carried
out in the spaces that should support them, i#nesequired infrastructure in place, can
the required resources, and can materials be waespinto the area? This evaluation can
be done by relatively simple verification and ieady being done today, it then has to be
verified against a space program rather than a BKivh et al. 2013).

If we consider the question of whether the requaetivities can be performed or not
more broadly, we are then looking at a far more mlorated situation. This entails
evaluating whether the building has sufficient adjyato support the needs of the
production system, rather than just consideringafduction activities can be done in the
allocated spaces.

Determining if the building will have enough capgdor a specific activity can in
some cases be determined by verification. For el@mpf we have a design for a
university building where each of the faculty ipppased to have their own office, then
verifying that research activities are sufficienfiypported is easily done by comparing
the number of offices to the number of faculty teses specified in the BAM. The same
with small meetings, if the faculty offices are id@®d to accommodate this. Determining
if there is sufficient space for large meetingstlo® other hand, cannot be determined by
simple verification. At least not unless the builgihas been designed with one meeting
room per faculty. Verification only yields a yes mo answer. In a situation where the
supply of spaces with the required infrastructureghtn outstrip the demand from
activities needing them, we need to move on uglcutation or simulation.

Calculation could be used for simpler scenarios. ¥de calculate the maximum
activity capacity, for example simultaneous meetjnffom the BIM, and the total
expected meeting room requirements from the BANMhc&ithere is usually some
flexibility as to when meetings are scheduled, thight be sufficient. If, however, we
are dealing with activities that cannot be schedluie advance, the analysis becomes
more difficult. Take for example people going te tiestroom. This is not something that
one would schedule days in advance. Determininficgrit capacity here can be done
through calculation, relying on rules of thumbs aaderages. However, if some
characteristics of the system cause batching tarpéar example people arriving on an
airplane at an airport, such average numbers wadk Ireliability. Thus, in a highly
variable setting, we need to simulate circumstaiagst sufficiently relaibleanswers.
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How well can the activities be done?

Determining if the activities can be done well, igth high efficiency, effectiveness and
satisfaction, is not a trivial matter to determiii@e reason for this is the high degree of
interdependencies between activities and resoumce®st productions systems and the
inherent variability within these systems.

Hopp and Spearman (2011) distinguish between psoaesiability and flow
variability in production systems. Process, or $farmation (to use the term of Koskela
(2000)) variability originates whollywhit in the @eess itself. Flow variability is caused
by upstream variability. Similarly, we can separb&ween activities underperforming
due to flow issues and due to process issues. Bkwes are those that cause an activity
to be starved of some material or input. In thisecthe activity is not performed at all
while waiting for materials or resources to arrimebe released. This could be due to
characteristics of the building. For example, stgfiending a disproportionate time
waiting in line or hunting for bathrooms if the @ty is too low. Process issues, on the
other hand, do not cause non-performance but raigrade performance. Some issues
could be purely related to the characteristics h&f building, like having suboptimal
lighting, while others will be caused by other aities in the system, such as noise in an
office landscape.

Some of these aspects could be partially analysétgwalculation. For example,
consider a case where the HVAC system of an offigiéding is designed to handle
outside temperatures of up to 28 degrees Celditise loutside temperature rises above
this, the inside temperature of the building walll foutside the thermal comfort envelope
of its occupants, causing productivity loss to @c€Tham and Ullah 1993). Based on
weather statistics and the specifications of theABY designers could determine the
mean number of work hours per year where work d¢ordi will be outside of the
thermal comfort envelop. Then, with this as a hasikculate the number of man-hours of
productivity impaired or lost each year.

However, such a calculation cannot adequately densnitigation efforts undertaken
by the inhabitants, such as opening doors and wisdand the secondary effects these
have on the production activities, like noise. Tiiterdependencies in production systems
entails that simulation is required to fully detammhow well an activity can be done in a
building.

Aggregate performance indicator s

At the aggregate level, there are several indisatoat could be relevant. The nature of
the production system will dictate which indicatem® more interesting. Some systems
are very flow oriented, and some are more resoorganted. For example, airport
terminals are focused on the flow of passengem@ntbfrom entrances and gates while
office buildings are focused on the production loé people resources working in the
building.

In production systems where there is a clear liflear, such as assembly plants, the
parameters that make up Little’'s law are of interegtle’s states that Cycle Time =
Work in Progress / Throughput (Hopp and SpearmahlROFor systems with low
variability, these parameters could conceivablyde&ermined by employing analytical
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approaches. However, we would argue most scenarmsnore complex and require
simulation.

Productions systems that are not flow oriented tyilically be knowledge work
based and be oriented around immaterial products.ekample, academics producing
research or architects producing designs. In tlcases, the building does not have to
provide for the flow of a physical object. Thus, ilehwe could potentially model and
simulate the process of the creation of an acadpaper, this would be a prime example
of taking modelling too far in relation to the gtiess we want to have answered. Doing
high concentration knowledge work is dependentamotdirable environmental conditions,
such as proper lighting and little ambient noise h®re, a suitable metric would be some
measurment afctivity quality based on a performance formula with the envirartaie
conditions, at the time of doing the activity,apuhvariabels.

Whether we are dealing with flow or resource domirsystem, having metrics for
resource usage is of interest. The most relevamticaéhere are the percentage of time
spent doing value adding activities and non-valdgirag activities (waste), and a further
drill-down of these categories. The latter is e8akto be able to identify inefficiencies
in how the building supports the production syst&wor example, if we see that some
resource spends a disproportionate amount of timteamsportation, this could mean that
the layout of the building is suboptimal. Howeuéis also important to be aware that in
some cases a resource will have a low utilizatee by design to act as a buffer for
variability in the system. It is therefore crucifdy example, to be able to distinguish
between waiting that is required by an activityacotivity sequence or waiting in line for
an elevator.

Going back to the situation of the knowledge workest tracking the participation of
resources in value and non-value adding activisemsufficient in this case. In some
scenarios, value-adding could take place in a sirbapway. Environmental conditions,
such as thermal comfort and noise level, beingaptbwal will slow down the work, thus
becominglessvalue-adding, howevarot non-value adding. Thus, a productivity index
would be a relevant metric for these kinds of reses. The data for which could easily
be gathered if some measurement of activity quaiydescribed above, is undertaken.

CONCLUSION

We have argued that evaluating the benefits ofilaibhg at design time should entail an
analysis of their ability to support the productsystem that it will house. To do so there
are two fundamental questions that we must be tabdmswer: Can the activities of the
production system be performed? And how well cay the performed?

Answering these questions will require some BuddiActivity Model (BAM)
describing said production systems and its aatisitFurthermore, we conclude that while
the simpler evaluation methods of verification amadiculation can partially answer the
questions, to fully determine to which extent apm®ed design will support a given
BAM, computer simulation will be required.

While previous authors have argued some of thesigeasented in this paper in
general terms, we are not aware of anyone who baghem into the same kind of
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fundamental production theoretical context as weeharovided here. We would argue
doing so is a prerequisite to properly developingu$ation models and other tools.
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CONCEPTUAL FRAMEWORK FOR
CAPABILITY AND CAPACITY BUILDING OF
SMESFOR LEAN CONSTRUCTION
ADOPTION

Emmanuel N. Ankomah?, Joshua Ayarkwa?, and K ofiAgyekum?®

ABSTRACT

Lean construction (LC) is a production system with potential to deliver exceptional
performance within any organisation. LC is posssga&ition to the many problems faced
by construction Small and Medium Enterprises (SMEB)wever, Construction SMEs
lack the needed resources which constraint thean lemplementation efforts. A
conceptual framework for capability and capacitylding of Construction SMEs is
developed based on the Toyota Way model.

This research was conducted using systematic rewgviterature. The review
suggests there is the need to build the capalaititi capacity of SMEs to fully adopt the
LC philosophy. SMEs provide a challenging contextthe implementation of LC due to
their lack of the needed resources.

The outcome of this study is to focus attentiorbaiding the capability and capacity
of Construction SMEs to fully adopt LC. This wilelp reduce the incidence of high
failure rates of LC implementation recorded amon§MEs. Previous works have
concentrated on what SMEs can and should do witteir limited capacity. However,
the use of the isolated tools and practices failabse lean is a system that has to be
implemented holistically. A conceptual frameworkr fouilding the capability and
capacity of SMEs for LC adoption is therefore pregub
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INTRODUCTION

SMEs are critical in the structure of the consiaurctindustry (Oforiand Toor 2012) as
they form majority of the firms (Gyadu-Asiedu 20@9noah et al. 2011).In the Ghanaian
context, construction SME is a family run domesbtatractor with 199 employees as the
upper threshold and 10 employees as the lower hbieds(Kheni 2008).Small
construction firms in Ghana constitute about 95%catractors, over 90% of the job
market, and nearly 80% of all short-term employm@moah et al. 2011).Globally, the
importance of this critical sector cannot be oveykasized.

In spite of the significant contributions constiant SMEs make to the economies of
both developed and developing nations, they fadat @f challenges that affect their
capacity (Amoah et al. 2011). Accordingly, implerieg LC has become a challenge for
SMEs (Marasini et al. 2014), as these firms arestamed in terms of the resources
(Marasini et al. 2014; Netland 2016). This hastl®@ concentration on what SMEs can
and should do within their available resourcesth@ work of Rose et al. (2011), the
authors argued that SMEs should go in for leastlyctsols, which is well within their
capacity. In other work, such as Matt and RaucHhL320it was suggested that SMEs
should use principles declared to be suitabletfemt. However, in most cases the use of
isolated practices leads to a failure of lean imq@atation (Lathin and Mitchell 2001).
These previous works have fallen short of lookihp@v SMEs capability and capacity
can be built to fully implement the lean philosopiMore so, the benefits of a full
implementation cannot be compared with an impleatent of just a few tools (Netland
2016; Liker 2004). The study therefore seeks toebtbgw a conceptual framework for
capability and capacity building of SMEs for LC ation.

RESEARCH METHODOLOGY

Systematic literature review was utilized becauste rigorous and transparent form of
the review (Okoli and Schabram 2010). This studipfes the comprehensive stages for
the systematic review developed by Tranfield e(2003).

The initial descriptors used for the literaturearsé were “Lean construction,”
“construction SMEs,” “Lean and construction SMEstofal of 114 articles were initially
identified from the search. However, not all of thé4 papers presented research
arguments on the issue of LC and SMEs. The papers friefly examined to filter out
irrelevant articles. A total of 63 papers were linaelected to be valid for the study. A
conceptual framework is developed based on the/sisalf these selected papers.

LEAN CONSTRUCTION IMPLEMENTATION WITHIN SMEs

LC techniques offer the potential to minimize, dtrentirely eliminate, non-value adding
activities (Salem et al. 2005). Thus, LC is abdg €limination of all non-value-added
steps in a process (Arroyo and Gonzalez 2016).r8kstudies, such as Cho and Ballard
(2011), Bhamuand Sangwan (2014) point to the smamt benefits of LC to the
incidence of low productivity, low quality of workscreased construction cost, low job
satisfaction and waste generation within constomcfirocesses. LC is a possible solution
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to the many problems faced by construction SMEgy€Sat al. 2012; Bhamu and
Sangwan 2014).

SMEs are generally constrained by their managenmmesturces and organisational
culture and structure that affect their Lean effdchanga et al. 2006; Panizzolo et al.
2012). For instance, human resources in SMEs aa& weterms of their knowledge and
skills. There are a number of issues that affecESMability to recruit, motivate and
retain the best of talents (Darkwah 2014). Top rgan@nt support, commitment and
buy-in is a critical success factor in LC implensaiun (Al-Najem et al. 2012), however
top management in SMEs normally will not acknowkedge need for change. It is
difficult to succeed in LC without a healthy cukuin UK for instance, only 10% of the
firms succeed in their lean implementation effoftse reasons for such a huge failure are
culture and management (Taleghani2010). LC requiaesculture of employee
empowerment, teamwork and enhanced relationship wifppliers (Al-Najem et al.
2012). This is mostly lacking within SMEs, as enygles are not usually empowered and
relationship with suppliers is mostly adversarisgbp down leadership style that is a
characteristic of Construction SMEs is a cultur@lrier that inhibits lean implementation.

A REVIEW OF LEAN FRAMEWORKS

Over the years there have been a number of modalsidtoked into the possible
implementation of lean production principles. Anaadd Kodali (2010) examined
approximately thirty (30) frameworks for lean protdan. The authors concluded that
none was comprehensive. In view of that, they psedoa framework consisting of 65
lean elements, taking into consideration the sbantngs of the previous frameworks.
Chay et al. (2015) posit that the framework devetbpy Anand and Kodali (2010) is too
sophisticated and does not address “why” aspeitteoimplementation of lean principles.
The authors also reviewed frameworks developed dmiw2010-2013. The study
discovered that lean production frameworks developger the work of Anand and
Kodali (2010) has disregarded the soft elementseain production. Similarly, Gao and
Low (2014) reviewed various frameworks for LC. Téethors proposed an alternative
framework for LC implementation, taking into coreidtion all aspects of the
organisation (both the social and technical).

Consequently, frameworks have been developed spabyjiffor the SME sector (for
instance, Amad-Uddin, 2011; Rose et al. 2011; agithdli et al. 2016). The strength of
these frameworks lies in its consideration of btite soft and hard aspects of lean
implementation. These lean production frameworksebigped specifically for SMEs
overlook the aspects of capacity building, althowglthors acknowledge the lack of
capacity for lean implementation within the SME teec These frameworks instead
propose feasible lean tools that can be implemenitdn the limited capacity of SMEs,
but failed to look at how SMEs can be supportedutty implement the lean system.
Similarly, promoting LC to SMEs and developing tapability and capacity of SMEs to
deploy LChas received little attention within the&C LCommunity. Considering the
capability and capacity challenges of SMEs, any&aork which can be successfully
adopted by SMEs should take into considerationctiyeability and capacity needs of
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these firms and where possible support systemsdioian them to adopt these principles.
More so, lean is a system that has to be implerdeh@distically in principles and
techniques, therefore there will there be a need aoframework that takes into
consideration capability and capacity building MEs to fully adopt the lean system.

DEVELOPMENT OF THE CONCEPTUAL FRAMEWORK

In assessing LC frameworks Gao and Low (2014),tgbat ‘process-focus’ thinking is
still the major focus of the LC frameworks reviewadhis is because the implementation
of lean principles on the “shop floor” can resualtinmediate improvements (Liker2004).

In view of the shortcomings of the LC frameworkie tstudy proposed the “4P
Model” of the Toyota Way. This model was proposedesolve some of the fundamental
limitations of the frameworks that are availableéhivi the LC domain. The 4P model of
the Toyota Way was introduced as an alternativensieéinterpreting LC (Gao and Low
2014). This study therefore in developing the cpiheal framework for SMEs adopts the
“4P Model” developed by Liker (2004)and proposed®go and Low (2014) for LC
implementation.

JUSTIFICATION FOR THE USE OF“4P MODEL”

Many authors have argued that lean is a socialaatethnical system(Liker 2004; Shah
and Ward 2007; Low and Gao 2011). Accordingly, 4re model would be a suitable
choice for LC implementation (Gao and Low 2014)tHa application of lean principles,
the focus has largely been on the technical aspecpoduction (Liker 2004), while
ignoring the implications for the people relategpexts (Green 2002). The technical-
aspect fails or underperforms if the social or hamelated aspects are ignored. This is
the case because the real issues during the pracebsman cantered (Chay et al. 2015).
In other words, it is also imperative to createealthier people system. This assertion is
in line with Matsui (2007) who suggests that thie@iveness of technical practices is
appreciably increased when equally teamed wittsdifiepractices.

The “technical-focused” thinking significantly rests the degree of improvement
that can be achieved (Emiliani and Stec 2005; Bhasd Burcher 2006). Accordingly,
the “4P model” is a comprehensive model for LC iempéntation (Liker 2004; Gao 2013;
Gao and Low 2014). The “4P model” comprises 14 qyoiles within four layers with
each layer serving as an individual model in its€tie next section discusses the “4P
model” in detail toward the framework development.

“4P MODEL” OF THE TOYOTA WAY

Liker (2004) used a pyramidal model, which comwiaa outline of Toyota’s principles.
These principles are grouped in four broad categasind each contains important sub-
principles:

* Long term Philosophy (Philosophy).
* The right Process will produce the right resulto@ess).
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e Add value to the organization by developing yourofte and Partners
(People/Partners).

» Continuously solving root problems drives organmal learning (Problem
Solving).

According to Liker (2004), these four broad categ®rhave fourteen principles. The
foundation of the pyramid is the management phpbgo which is based on long-term
decisions, even at the expense of short-term finhgoals. Following from that are the
right processes producing the right results. Ultetya production flow is standardized
and visualized which helps in identifying problenihe next level places respect on
people and partners, while challenging and growhegn. The last layer of the pyramid is
the problem solving philosophy by using various iaygment tools such as kaizen and
genchigenbutsu (going to see for yourself).

Problem Solving
P12: Genchi genbutsu — go see for yourself.

P13: Decisions by slow consensus; implement quickly.
P14: Kaizen, become a learning organization.

People and Partners
P9: Grow leaders who understand the work and live the philosophy.
P10: Develop exceptional people and teams.

People and
Partner

P11: Respect extended network of partners and suppliers.
Process

P2: One-piece flow (waste elimination).

P3: Use pull systems to avoid overproduction.
P4: Heijunka — levelled workload.
P5: Jidoka — built-in quality.
PFOCESS P6: Standardized work.
P7: Visual management.
8: Use reliable and proven technology.

Philosophy

Ph||osophy P1: Management decisions based on a long- term philosophy,
even at the expense of short- term financial loss.

Figure 1: 4P model of the Toyota Way (Source: Li2&04)

CONCEPTUAL FRAMEWORKFOR CAPABILITY AND
CAPACITYBUILDING OF SMES

In developing the framework as can be seen in Ei@irthe 4P Model was used as the
basis for LC implementation. LC tools identified tihe literature were linked to the
model. The next level assesses the status of ingpi&tion and challenges in LC
implementation by SMEs. This leads to the capabditd capacity needs of these SMEs.
Following from these needs is developing intervamtifor capability and capacity
building of SMEs. These interventions are considdrem the Systematic Approach.
The System Approach consists of four levels; tligvidual, organizational, industry and
state level. In essence, the interventions arentéieen the level of the individuals to the
organisation, then at the industry and finally la¢ tstate level. This leads finally to
policies and plans for LC implementation by thed8ES. This framework proposes a
strategy for a successful LC implementation by SM&sng into consideration their
capability and capacity needs.
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The customer of the framework is the constructiotustry sector. The conceptual
framework eventually leads to policies and plansbiailding the capability and capacity
of SMEs for LC adoption. These policies and plamaeating from the needs of SMEs
will act as guidelines to the construction indusdgctor in building the capability and
capacity of individual SMEs for broader applicatia LC principles. Since this
framework incorporates the specific needs of SMESyill give this important and
crucial sector more capabilities and capacity thr@ing wider LC principles. Ultimately
this intervention will lead to an improvement iretperformance of SMEs resulting in a
huge impact within the industry and the economgrof country.
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Figure 2: Conceptual framework for Capability arap@city Building of SMEs
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CONCLUSIONS

The growth of the SME sector for any country isvitél significance irrespective of its
state of development. SMEs relevance and importaanebe seen in all aspects of the
socioeconomic lives of countries. Notwithstandingit contributions to the economies of
countries worldwide, SMEs are faced with fundamiegptablems. This, in effect has led
to widespread underperformance within this secta a high attrition rate. LC as a
management philosophy is acknowledged as an edtadliset of principles to help
organisations to be effective, efficient and mazenivalue to clients. Therefore, the
adoption of LC within the SME sector is an impotteopic area to examine especially as
there is a lower application. LC implementationhmitthis sector is challenging, as these
firms lack the needed resources to fully implentaig management philosophy.

Several frameworks have been developed for an ieggigmentation of LC within
this sector. Although these frameworks were dewadagpecifically for this critical sector,
it has largely overlooked the elements of capabditd capacity building. A successful
adoption of lean by construction SMEs will heavdgpend on their capability and
capacity for easy implementation. To overcome thap this study has developed a
conceptual framework for building the capabilitydarapacity of Construction SMEs to
fully adopt the LC philosophy. This will help redudhe high incidence of failure
recorded in LC implementation. Eventually leading &n improvement in the
construction industry as a whole, as SMEs form nitgjof firms. This study serves as a
basis for an on-going PhD that aims at developinffamework for capability and
capacity building of Small and Medium Building Caatdtors for lean adoption to
enhance their performance.
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INTEGRATION ENABLED BY VIRTUAL
DESIGN & CONSTRUCTIONASA LEAN
IMPLEMENTATION STRATEGY

L eonardo Rischmoller!, Dean Reed?, Atul K hanzode® and Martin Fischer®

ABSTRACT

This theory paper probes the intersections of Lé&#ass Production and conventional
Construction, Lean Construction, the Simple Franréor Integrating Project Delivery

model, and Virtual Design and Construction (VDCheTauthors argue that Toyota
recognized that integration was necessary to aehie® goal of global optimization in

design and production and that this imperative ron$ Lean Construction today. They
briefly describe the Simple Framework for IntegmgtiProject Delivery as a system
model to achieve the high level of integration rneggh to deliver a valuable, high-

performing building. Then they focus on how VDGsfivithin and enables the Simple
Framework model, explaining each element of VDC how project teams can leverage
it to consistently deliver high-performing buildsg

KEYWORDS

Theory, production, Lean Construction, Simple Fram for Integrating Project
Delivery, Virtual Design &Construction

INTRODUCTION

LEAN PRODUCTION ORIGINSAND THE CONSTRUCTION INDUSTRY

On Ford’'s mass-production line, the assembler gl @ne task and did not understand
what the workers on either side of him were doiBgeaking the same language as his
fellow assemblers or the foreman was not requikadttie success of Ford’'s system
(Womack et al. 1990). There are many constructrofept sites in which contractors and
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Integration Enabled by Virtual Design & Construgtias a
Lean Implementation Strategy

subcontractors do not communicate much better Foad's mass production assemblers.
Furthermore, this fragmented scenario can alsoldsereed to a big extent during the
architecture and engineering hours spent designimgwv construction project.

While at Ford’s plants, the industrial engineer hadhink about how all the parts
came together as integrated systems, and just edwdt assembler should do within
integrated processes, currently, to a big extenjePr Managers and Superintendents play
the roles of industrial engineers at constructiolosjtes, and also during project design
stages.

LEAN PRODUCTION AND INTEGRATION

Integration was not explicitly mentioned Tine Machine that Changed the Wondhen
Jim Womack, and his co-authors argued that the fBolooduction System was really a
new “lean” approach to production in which the waoikall suppliers was integrated so
that value flowed at the pull of the customer (Woknat al.1990). Integration was and is
necessary for Toyota to achieve the “global optanan” required to deliver the value
their customers were and are seeking. This is aifsignt leap beyond “local
optimization "where individual contributors seektee outcomes for themselves, often at
the expense of others (Forbes &Ahmed 2010).

“Lean” uses less of everything compared with masslyction: half the human effort
in the factory, much less manufacturing space, iegestment in tools, many fewer
engineering hours to develop a new product in theftime, far less than half the needed
inventory on site, and near zero defects; all wpieducing a greater and ever-growing
variety of products. Womack stated that this “l#sm” approach calls for different
management skills and applying these creativelg team setting rather than in a rigid
hierarchy, with a key objective of lean producti@npush responsibility far down the
organizational ladder(Womack et al. 1990). Thienalsles the integrated organization
idea introduced by Tillmann, Ballard, Tzortzopol@msl Formoso (Tillman et al. 2012).

Fischer, Ashcraft, Reed and Khanzode went beyoilichdmn and her co-authors’
idea of an integrated organization to the biggeaidf a system model, where each
element depends on all the others and can confysteroduce a high-performing
facility(Fischer et al. 2014; Fischer et al. 2017).

INTEGRATION ASA LEAN STRATEGY

This paper proposes that in addition to the learstaction goal to maximize value and
to reduce waste in order to “redefine perfectiogonstruction” (Ballard &Howell 1998;
Salem et al. 2005), integration, in this case esdhlbly Virtual Design & Construction,
should be seen as a lean strategy, just as supplg-ntegration was originally within
the Toyota Production System.

THE SIMPLE FRAMEWORK FOR INTEGRATION

Building on the American Institute of Architects1fd “Integrated Project Delivery: A

Guide” (2007) and on the organization / commertaains / operating system model of
IPD adopted by the Lean Construction Institute (fiken et al. 2009),Fischer, Ashcratft,
Reed and Khanzode have explained that process &dge) organization and
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information must be integrated to produce the lyightegrated systems necessary for a
high-performing building, which they define as usabbuildable, operable and
sustainable. “A high-performing building can onlg bchieved through a building with
integrated building systems, which can only be poed through an integrated process,
which depends on an integrated team with the rggaple, which need integrated
information, to function effectively and efficieptlSimulation and visualization are the
primary ways in which BIM informs the integratechie. Collaboration and co-location
are the primary ways to allow the integrated teamntegrate processes. Production
management methods enable the productive designi¢cdéion, and construction of the
integrated building system. Outcome metrics defireeperformance of the building and
validate the integrated building system. All ofsths supported by the appropriate
agreement or framework (Fischer et al. 2017; A$h@814).” Figure 1 shows these
relationships in what Fischer, Ashcraft, Reed ahdizode call “The Simple Framework
for Integrating Project Delivery (Fischer et al12(.”

o

Measurable Production Collaboration Visualization
Value Management Colocation Simulation

High Performing ¢ Integrated Process Integrated Integrated
Building Systems Integration Organization Information

A )

Agreement / Framework

Figure 1: Simple Framework for Integrating Projpelivery(Fischer et al. 2017)

VIRTUAL DESIGN AND CONSTRUCTION (VDC)

VDC ASAN ENABLER OF INTEGRATION

Virtual Design and Construction or VDC was devebbplerough research over the last
two decades at Stanford University’'s Center foedmated Facility Engineering (CIFE)
(Khanzode et al. 2006; Kunz & Fischer 2012). CIFEfires Virtual Design
&Construction (VDC) as “the use of multi-disciplnyaperformance models of design-
construction projects, including the Product (i.éacilities), Work Processes and
Organization of the design - construction - operatieam in order to support business
objectives.”

Based on their own direct observations and replooi® practitioners, the authors
believe that VDC is a very effective method for jpod teams to integrate their
knowledge and create the information they needtegrate building systems. VDC is
the main enabler of the Simple Framework model. Tokowing are the main
components of VDC.
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BIM+

Building Information Modeling (BIM) has proven te lvery useful for validating spatial
relationships of components and systems performatardin &McCool 2015).
Combining BIM with time to produce 4D models, witbst data to estimate cost, or with
lighting and energy data is what VDC researcheltsBa+.”

Michael Schrage, wrote in 2000 about the rise artkehts of digital modeling media
to create prototypes and simulations in compaikesTloyota, Chrysler, Boeing, Hewlett
Packard, Caterpillar, GE, etc. and how the valua grototype arises from how much
people learn as they create and test models collabely over time.(Schrage
2000).Project team members have observed this dgnaithh BIM. Like Schrage, VDC
states that the value of BIM resides less in théet®themselves than in the interactions
they invite. Building Information Models often realechoices people must make,
requiring trade-offs not apparent to them initiaNjodels don’t solve business problems,
any more than mathematics solves equations. Howelm@de used determines whether
and how problems are solved (Schrage2000).

From the VDC perspective the proper question is“Raw will this simulation or
model solve the problem?” but rather “How will tlesnulation or model be used by the
project team to solve the problem?” The authorgebelthere has been too much focus
on the quality of the model and not enough on haingi the model will change
organization’s behavior.

Perfectly good models ignored because no one carework with them are
underutilized investments that create only marguadie for the enterprise. If models can
be made more accessible through techniques of ificapibn and visualization, without
undermining their validity, they stand a better rot® of being used by designers and
builders rather than a relatively small group oMBipecialists (Rischmoller et al. 2017).

The proliferation of BIM tools can dramatically msform how the construction
industry creates value for its customers. A corgllaypothesis is that an organization’s
ability to create value now depends on its abilityuse these tools effectively. From the
VDC perspective, the business issue here is ngt thiel challenge of better information
or more effective knowledge management. It is howsdthe project organization’s way
of modelling improve its ability to create value?

Project Production Management (PPM)

PPM is simply the application of operations scietceprojects by viewing them as
temporary production systems. PPM focuses on argdan and control of work
activities in a project. It provides deeper quaitte and predictive theory on the
achievable limits and design of work activities|idated by practice in several settings.
The ability to model and simulate work activitiesdstablish the limits of what is and is
not theoretically achievable, as well as the abild infer design criteria to optimize
parameters such as throughput, work-in-procesde dyme and use of capacity lead
directly to an improvement in cost, schedule armpe@erformance on projects (Shenoy
2017).

While Lean Construction is not a subset of Profgoiduction Management, neither is
Project Production Management a subset of Lean t@mt®on (Shenoy2017), Lean
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Construction, as envisaged in 1993, had severailasities with Project Production
Management as defined by the Project Productiotitutes (PPI). Figure 2 below
illustrates the historical evolution of PPM and heamphasizing the operations science
foundations of both PPM and Lean.

Toyota LEAN LEAN LEAN
— — —— Production |—| Manufacturing |—» Construction |—»| Construction
| System (1993) (2017)
|
|
Operations

Science

T Project
———————————————————————————— »  Production
Management

Time

Figure 2 The Operations Science foundation undeglizean and Project Production
Management (Shenoy 2017)

However, over the ensuing 25 years, the concepeah Construction and that of PPM,
as espoused by the PPl when founded in 2013, fetlodiverging paths. The core
difference can be understood by asking how “systesmdefined in “project delivery
system” for Lean Construction versus PPM. Lean @aaoBon increasingly focused on
human factors, primarily project governance andaoization of project stakeholders,
whereas Project Production Management focuses ewrdhfiguration and organization
of the physical work tasks that get performed irpraject. Lean Construction has
expanded its framework to cover issues of projeategnance such as contracts,
integrated forms of agreement and organizationtakeholders, such as in the Lean
Project Delivery System (Seed 2010).

VDC combines the focus on physical work activities?PM and the human focus of
present-day Lean Construction, and enhances baibgh the introduction of Integrated
Concurrent Engineering.

Integrated Concurrent Engineering

Integrated Concurrent Engineering (ICE) is an apgiothat breaks the decades-long
approach of working in isolation and coming togetimemeetings to report progress and
problems. ICE combines engineering analysis anth teammunication and decision-
making. This increases feedback within the destgimt shortening design iterations and
reducing wasted effort (Coffee 2006).

Based on careful observation of “Extreme Collabordtmethods by the NASA’s Jet
Propulsion Laboratory (JPL), CIFE faculty and reskars formalized and extended them
as ICE, and then incorporated ICE into Virtual [@esand Construction (Kunz &Fischer
2012). The productivity of ICE relies on a cycle aainvergence in collaborative work
sessions to share information, align understandargk coordinate action, followed by
divergence for further study and testing, whichiepeated until solutions are found for
engineering problems. Whereas traditional meetiofsn suffer from vague meeting
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agendas, poor participant preparation, unclearitgggf decisions made, and haphazard
follow-up work, ICE sessions counter these chaksngith a clear agenda with explicit
objectives, well-prepared participants, and agpirablem-solving(Fosse et al. 2017).

The term “coordination latency,” defined as thepskd time between a request for
information or action and meeting that request,offered as a unifying, intuitive,
descriptive performance metric, intended to reactear-zero value as a project design
goal (Chachere et al.2004). Coordination latencyesuced dramatically during ICE
sessions.

ICE sessions use Building Information Models andwations as instruments for
introspection so that participants can learn frame ttonversations that otherwise
wouldn’t take place. Precisely because organizateme communities of people and not
aggregations of data, the real power of BIM uttizen ICE sessions, comes from
changing behavior as participants engage with theulels. The transparency introduced
by visualization and simulation promotes greategrmess, which often forces people to
re-examine how they should interact with each otWénat should be shared? How safe
Is it to admit confusion or failure? What are thées of engagement? Models aren’t only
essential for designing product and production @sses, they enable collaboration
(Schrage 2000).

During ICE sessions supported by BIM and the Leancple of flow, not only is the
time to get an answer shorter, participants cameaky more questions earlier. Although
further research is needed to validate this irgnjtithe effect of integration enabled by
ICE as a key component of VDC on the timing and bemof questions asked, and
response latency may be significant. Figure 3 shavample two-by-two matrix for
evaluating the effectiveness of VDC and Integrd&eoiject Delivery (IPD) compared to
traditional practice.

Effect of VDC + IPD on timing and number of questions asked and
response latency

= -

L ]

“ e VDC + IPD IPD

O g ‘

R without

o S ¢ VDC

R

5 9

e »g VDC practice )

g3 wg | withtraditional Today’s

-g 2 € = project t\’P'C_al

z F organization practice
low high

Time to get a good answer to a question (latency)

Figure 3: Questions and answers with VDC vs. trawigti practice

Client Goals and Project Objectives

Many owners want to optimize use and sustainabilityle reducing lifecycle operating
costs such as building maintenance, building omerst and business operations, along
with first cost to construct. However, traditionabctice focuses primarily on designing a
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building primarily for lowest construction cost afadtest delivery. Project objectives and
client objectives are not aligned (Evbuomwan & Amari998; Fischer et al. 2017).

The purpose of VDC is to solve business problemsjeBt objectives must support
client goals. If sustainability and lifecycle c@st goals, they must not be left to chance.
The Simple Framework model requires project teamdetermine objectives where total
cost and building performance must always be censaitogether. The facility must be
useable, buildable, operable and sustainable. &igushows the relationships between
client goals and project objectives enabled by V@hin the Simple Framework
model(Fischer et al. 2017).

Business Sustainability Objectives & Metrics
A

Y
Client Goals Use Obje‘ctives & Metrics

Y
P _[- , Operations Objectives & Metrics

Bmld ablllty Objectives & Metrics

Project Goals '
Process & Production Objectives & Metrics

Figure 4: Client and project goals and objectiasdher et al. 2017)

The Simple Framework stipulates that a highly vialeeuilding can be created when
project objectives support specific, clearly defingient goals for a high-performing
building. In this way VDC and Lean intersect atitheommon starting points of
delivering the greatest possible value.

Metrics

Through measurement, a team can gain control owertb achieve the objectives of a
project (Shawn et al. 2004). The project team nttmtslate client goals into use,
operation and sustainability performance metriem@lwith those for safety, quality,
schedule and cost to measure buildability (Fisethet. 2017; Rankin et al. 2008).

Economic objectives include metrics for first aifddycle cost. Environmental goals
include metrics like habitat availability for pla@ind wildlife, storm water retention
capacity, carbon dioxide (CO2) emissions over fifexycle or in a particular project
phase, and similar considerations (Kent & Becerdder 2010). Besides safety during
construction, social goals may include developndrittuman capabilities, construction
workforce diversity, and community interaction asdpport. Some objectives can be
measured while others are assessments.

VDC practice goes beyond project outcomes, whiehlagging reports after the fact.
The most useful metrics are leading and focusedaotors team leaders believe are
important such as meeting participation, numbemobvations proposed, the extent of
BIM use, and the number of jointly agreed qualitceptance criteria. Establishing
metrics is the first order of business once projati work process objectives are
decided.
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VDC ISINTEGRATED

VDC occurs when its components are part of an mateg approach rather than being
used in isolation. For example, it is common ta fBIM and Lean areas or departments
in projects and companies. If people in these treasor departments work in isolation
from each other, we cannot say that VDC is beingliegh Figure 5 shows the
relationships between VDC elements, making thetghbat it is not enough to adopt each
of its components in an isolated way. BIM+ and PjMtly support collaboration during
ICE sessions which are intended to achieve metlgged with project objectives
supporting client goals.

. Building Performance:
Client . Usable
H H * Operable
ObJECtlveS m *  Sustainable
. U Project Performance:
Project ||+ safety - auaity
H H ‘I * Budget * Buildable
Objectives i
E Process Performance:
(Production Metrics)
* PPC
Integrated Concurrent *  Issues resolved/ICE session
5 5 * BIMLOD
Engineering

BIM+ Lean

Building Information Project Production
Modeling Management

Figure 5: Virtual Design & Construction as a seimégrated elements

VDC ASENABLER OF THE SSIMPLE FRAMEWORK

VDC functions as a subsystem enabling the intemgmadif knowledge, organization and
information required to produce the highly integchtsystem making-up a high-
performing building. VDC is the way project teamesriwto deliver the value their clients
are seeking. Figure 6 shows VDC as the enablingmipgr of the Simple Framework.

m
Measurable Production Collaboration Visualization VD C
Value Management Colocation Simulation
High Pc?rforming ” Integrated Proces§ ¢ In‘teg.raﬂ?d In'regra'r.ed
Building Systems Integration Organization Information

Agreement / Framework

Figure 6: VDC enabling the Simple Framework
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CONCLUSIONS

Lean is making value flow at the pull of the cusesnThis requires global optimization,

which requires integration of the supply chain. fEhes no choice. The Simple

Framework for Integrating Project Delivery descsibfur integrations required for

project teams to consistently delivery high-perfomgn buildings, defined as usable,

buildable, operable and sustainable. The Simpleméweork has two enablers. The first is
an agreement of parties on financial terms, respiities, and governance that allow

them to build trust, so they can collaborate fog tfpod of the project. The second
enabler is Virtual Design and Construction, whishai method for solving complex

design and construction problems. VDC requires f@edp collaborate to reach

measurable objectives they establish. It is intiagraby nature and can be learned and
mastered. Everything people do within the VDC framok allows them to integrate

systems, processes, their organization and infeomaso they can deliver high-

performing buildings.
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WHY VISUAL MANAGEMENT?

Lauri Koskela®, Algan Tezel? and Patricia T zortzopoulos®

ABSTRACT

From early on, visual management (VM) has beemaimsic ingredient of the Toyota
Production System (TPS) and its derivatives likenl@roduction. Akin to the evolution
of most other parts of the TPS, it has been deeeldprough practitioner efforts rather
than being propelled by theoretical insights. R#égeischolars have started to create a
theoretical knowledge base for VM. Besides taxomsmof visual devices and their
functions, there is only one fully fledged theory 6M, based on the concept of
affordance. It is contended here that the scholi@lgd of visual management has been
too narrowly defined. In fact, research on (or bepon) visual devices has been carried
out in several other, mostly small fields, ofterthwlittle mutual awareness. A review on
the theoretical explanation of VM is provided, lihsa this wider literature. The concept
of affordance has been used in this context alr@a@garly 1990s. This focuses attention
especially to the human cognitive capabilities amresponding features of visual
devices. Generally, VM is argued to provide a moapid and reliable mode of
communication in comparison to traditional alteivieg. VM is thus compatible with the
lean tenets of time compression and variabilityuotidn. This explains its central role in
lean production.
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INTRODUCTION

From early on, visual management (VM) has beemamsic ingredient of the Toyota
Production System (TPS) and its derivatives likenl@roduction. Akin to the evolution
of most other parts of the TPS, it has been deeeldprough practitioner efforts rather
than being propelled by theoretical insights. Régeischolars have started to create a
theoretical knowledge base for VM. One reason lier dttention to theory has been the
insight that design guidelines for visual devices badly needed (Valente & al. 2017),
and theoretical knowledge is necessary for creatirogp guidelines.

Professor, School of Art, Design and Architectwaiversity of Huddersfield, |.koskela@hud.ac.uk
Lecturer, School of Art, Design and Architectudmjiversity of Huddersfield, a.tezel@hud.ac
Professor, School of Art, Design and Architectlwaiversity of Huddersfield,
p.tzortzopoulos@hud.ac.uk



Why Visual Management?

Besides taxonomies of visual devices (Galsworth712®d their functions (Tezel &
al. 2009), there is only one fully fledged theofy, developed by Beynon-Davies and
Lederman (2017). Thus, it would be tempting to hbleir statement true: “there is little
theorisation of how the visual device provides eala the wider system of operation”.
However, this statement can be challenged. It idezwled here that the scholarly field of
VM has been too narrowly defined. In fact, reseanct{or bearing on) visual devices has
been carried out in several other, mostly smaltisieed fields, often with little mutual
awareness. Insights relevant on VM can be fourddgnitive engineering (Wilson & al.
2013), Human Factors engineering (Wickens & al.&0Healthcare informatics (Xiao
2005), Human-Computer Collaborative Work (Maher & 4996), Information
visualization (Eppler & Bresciani 2013) and managetrstudies into the visual (Bell &
Davison 2013).

In this paper, a review on the theoretical explamabf VM is provided, based also on
this wider literature. The aim here is neither tilda theory of VMnor to discuss VM in
any particular industry, but to pinpoint to phenomend theories that seem promising
and useful, both for theorising and for practicaplementation. The paper is structured
as follows. The next section introduces the reedfiordance theory of VM and presents
critical remarks on it. Then, further ingredients theorising on VM are presented,
inspired by the wider literature. The paper is ctatgul by conclusions.

AFFORDANCE THEORY OF VISUAL MANAGEMENT AND
ITSCRITIQUE

AFFORDANCE THEORY OF VISUAL MANAGEMENT

As far as it is known, the only major attempt tedhise on VM is the suggestion of
Beynon-Davies and Lederman (2017) to use the adfarel theory as an explanatory lens.
Affordance theory was presented by Gibson in 197& Basic idea is that an affordance
is what the environment provides for a human oraaimal’. These, in turn, require
compatible effectivities, in the form of cognitivar action capabilities. In Beynon-
Davies’ and Lederman’s (2017) encapsulation, “afordénce is an opportunity for
action made possible both by the effectivities lné tactor and by structures in the
environment”. Based on an examination of practezes, they define three layers or
domains, i.e. (a) articulation, (b) communicatiord gc) coordination, connected by the
affordances of the visual devices. It is recognisg@eynon-Davies and Lederman (2017)
that the definition of affordances by Gibson is sfficient for covering what happens in
VM. Thus, they distinguish between first order affance, i.e. how the articulation of
physical objects allows communication, and secorderoaffordance, which connects
communicative action with coordinated work actions.

*  However, the affordance theory is not the firsi@avour to characterize the interaction betweéngi

organisms and their environment. Already 1926 vaxkiill presented his theory on the world of
living organismsUmwelt Arguably, the essential ideas of affordances weesent.
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Beynon-Davies and Lederman (2017) crystallize tlea&planation of visual devices
within wider visual systems into four features: (lhese systems involve the use of
material and typically highly visual(tangible) dgets for information purposes; (2) The
physical manipulation of such artefacts in relatioreach other is important to informing
actors within group work; (3) The overall statetloé physical environment in which such
manipulation takes place is also important to imioig actors; (4) The manipulation of
physical and visual artefacts is important to supgpituated choice.

Based on their theoretical work, Beynon-Davies arderman (2017) present five
prescriptions for developing VM — unfortunatelyredg summary cannot convey the full
depth of these: (1) Visual devices should be thowghmultimodal, thus utilizing all
senses; (2) Visual devices should be thought eérims of facilitating action-taking; (3)
Physical structures such as whiteboards shouldhbeght as performative structures
(how to communicate and what work would result freath communication; (4) The
designer of VM should not consider an individuavide but should consider the whole
physical environment; (5) Patterns of action shdaddhought of eitheas-is as-if or to-
be(this essentially refers to embracing current statargeted status and change in
development of visual management).

CRITICAL DISCUSSION

The affordance theory is a valuable advance in nstaleding visual management.
Unfortunately, it falls short in several respects:

* The discussion is centred around collaborative adsviof VM; these are
important but leave the similarly important typdsvisual devices addressing
individual work aside.

* The theory does not explain why visual managemgnpreferred in some
approaches to management, and not paid attentionotber approaches.

* The term affordance is at a high level of abstaamgtiaccording to Gibson
(1979), it is “something that refers both to theviemnment and the animal”,
“it implies the complementarity of the animal arie tenvironment”. It may
give an illusion of explanation although it does detail what precisely is the
nature of complementarity, say in terms of char&ttes of an artefact and
cognitive abilities of the actor.

» The theory is not comparative: as such, it hastéichpractical use as it does
not clearly describe which types of situations arkvactions would benefit
from VM devices.

* The development of this affordance-based VM thediy not take into
account that there has been an approach basedfmdaaices since early
1990’s, namely Ecological Interface Design (Vice&tRasmussen 1990).

FURTHER INGREDIENTSTO THE THEORY OF VISUAL
MANAGEMENT

Our starting point is that VM requires a multi-feed and multi-level theoretical
explanation. We do not attempt to present a fullyalioped theoretical framework here
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but rather provide examples of viewpoints and doménat will be relevant in the further
consolidation of the theory of visual management.

DIRECT AND RAPID ACCESSTO INFORMATION

Beynon-Davies and Lederman (2017) state, withothéw justification: “Affordances
have the potential to be perceived directly by ectaithout any intermediate, conscious,
cognitive processing.” Similar statements can bendb from books on VM by
practitioners. How can this be explained?

We contend that the question about the existencéwof modes of cognition,
discussed long since. It is appropriate to starhfthe discussions on left and brain brain-
halves. For example, Springer and Deutsch (1998 gineurologically justified (in that
time) view on these:

» Left Hemisphere: Verbal; sequential; temporal, tdigiogical; analytical; rational,
Western thought

* Right Hemisphere: Nonverbal; visuospatial, simudaus; spatial; analogical;
Gestalt; synthetic; intuitive; Eastern thought

Afterwards, along with evolving methods to resedtuh brain, it has been realised that
this view is too simplified. However, the basic adef two different modalities of brain
functions remains. A popular interpretation is giviyy Kahneman (2011), who describes
two systems of the mind:

» System 1 operates automatically and quickly, wttkelor no effort and no sense
of voluntary control

« System 2 allocates attention to the effortful memtetivities that demand it,
including complex computations. The operations yd§t&m 2 are often associated
with the subjective experience of agency, choiod, @ncentration

The importance of allocating a given informatioqugement to either of