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ABSTRACT

Lean construction and BIM are two rapidly growingpked research areas in the
realm of construction management. Both have jestitheir implementation by the
significant improvements in the cost, schedule guodlity of construction. Lean
construction aims to remove the wastes in the cotisbn process while BIM aims
for greater collaboration among the project teanrénd the design and construction
phases of a project. Both have been implementesgpemtiently on projects but there
is lack of research showing their applications thgeon construction projects. Using
a case of a major renovation project at the Unityersf Texas at Austin, this paper
presents the benefits of BIM implementation andhierr focuses on developing an
integration framework of BIM with the Last Planrgysteni™ of lean construction.
BIM with its tools like 3D visualization, 4D simuian and MEP clash detection
leads to increased collaboration among the progzseh and when integrated with the
Last Planner SysteM, it can help in reducing the variability inhereimt the
construction process. This paper presents an atiegrframework of BIM at three
levels in the Last Planner SystBfn— at the Master Schedule level, Lookahead
Schedule level and at the Weekly Work Plan levee @dvantage of this integration
is also discussed in this paper.
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INTRODUCTION

The highly fragmented construction industry hasnbsignificantly affected by the
rapid development in lean construction and Buildinfprmation Modeling (BIM).
More and more companies are taking to these twtiesppesearch areas to reap the
benefits from their implementation. While lean domstion is a construction
management philosophy focused on creating valuéhiocustomer (and eliminating
everything that does not add value) using the lessturces, BIM is focused more on
application of information technology to increasdlaboration among the project
participants in the entire project lifecycle. Caostion labor productivity has
declined by about 20% between 1964 and 2003, wdtiher non-farm industries
improved by more than 200% (Teicholz, 2004). Redeay the National Institute of
Standards and Technology (NIST 2004) has furthercloded that on average
information is recreated / reentered about 5-8 ginmea project lifecycle and this
process discontinuity accounts for about 30% ofttii@ process (about $15.8 billion
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annually). Salmon (2009) reports that in the tiadal design bid build projects over
80% of the claims made are by the main participlkésthe owner, contractor and
Architects/Engineers (A/E) and 87% of the claimsravdased on Requests for
Information (RFI) and change orders. These examglene of the many problems
being faced by the construction industry which barremedied by lean construction
and BIM. Although lean construction and BIM are dependent on one another (i.e.,
lean construction practices can be adopted witlBdivt, and BIM can be adopted
without lean construction) Sacks et al. (2010) higpsize that the full potential for
improvement of construction projects can only bhieed when their adoption is
integrated, as they are in the integrated projetivery (IPD) approach. A similar
notion is expressed in the American Institute aftects document on IPD (Eckblad
et al. 2007), “Although it is possible to achie\®DI without BIM, it is the opinion
and recommendation of this study that BIM is esakno efficiently achieve the
collaboration required for IPD.” This paper delvato the combined application of
lean and BIM on a project and discusses possibaradges of this implementation.

LEAN PROJECT DELIVERY SYSTEM

Ballard (2008, 2000b) defined the lean project @y system as a model for
managing projects, in which project definition eépresented as a process of aligning
ends, means and constraints. Alignment is achidwexigh a conversation with the
customer stating what they want to accomplish (tgeals and objectives) and the
constraints (location, cost, time) on the meansfidieving their ends. The project is
structured and managed as a value generating grddegvnstream stakeholders are
involved in front end planning and design throughss functional teams. Project
control has the job of execution as opposed tame& on after-the-fact variance
detection. Optimization efforts are focused on mghkwork flow reliable as opposed
to improving productivity. Pull techniques are ugedgovern the flow of materials
and information through networks of cooperatingcsglests. Capacity and inventory
buffers are used to absorb variability. Feedbaokdoare incorporated at every level,
dedicated to rapid system adjustment; i.e., legtnin

LAST PLANNER SYSTEM ™

"Last Planner" is the name for the LCl's (Lean Qamdion Institute) system of
production control. "Control* here means causingdesired future rather than
identifying variances between plan and actual @éll(2000a), Ballard (2000Db)).
Production control consists of work flow controldaproduction unit control. Work
flow control is accomplished primarily through th@okahead process. Production
unit control is accomplished primarily through wiekork planning (WWP).
Schedule planning for a project cannot be perforimedetail much before the
events being planned. Consequently, deciding width@aw much work is to be done
by a design squad or a construction crew is raaefpatter of simply following a
master schedule established at the beginning ofpthject. LPSY is based on a
Should-Can-Will-Do system of project planning. éictises on making a 6-8 weeks
lookahead schedule with detailed weekly plans stuksion with the last planners
(persons who actually execute the work) based erctinrent situations. Assignments
are prepared for the workers to execute. In thig tiva workers are never overloaded,
they only do what they promised and this helpsdepka track of the productivity.
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Failure to keep commitments is investigated so they do not occur again. This is
done by a factor known as PPC (percent planned ledepAs the Last Planner
Systeni™ involves the pull approach to form a workable Bagkit utilizes the just in
time tool, since all the project participants siigeéther to form the lookahead
schedule, wherein continuous improvement is buiid ithe process. Thus the Last
Planner Systefif serves to remove the uncertainties in the consdruprocess.

BIM

Building Information Modeling, better known as ‘BIMas been defined in different
ways by different authors. According to Sacks et(2D10) BIM is “a verb or
adjective phrase to describe tools, processestemmologies that are facilitated by
digital machine-readable documentation about adgl its performance, its
planning, its construction, and later its operdti@mith (2007) has defined BIM as a
“digital representation of the physical and functb characteristics of a facility. Its
purpose is to serve as a shared knowledge resémrdeformation about a facility
and forming a reliable basis for decisions duritg life-cycle from inception
onward”. The concept of Building Information Modwdi is to build a building
virtually, prior to building it physically, in ordeo work out problems, and simulate
and analyze potential impacts. BIM is differentnfr@ 3D model is the sense that it
expresses the form, function, and behavior of abjétolman, 1999)

Sacks et al. (2010) have provided detailed disonssh the most popular uses of
BIM. Important uses relevant to this discussionasdollows:

1. Visualization of Form (for Aesthetic and FunctionBvaluation): All BIM
systems enhance stakeholder participation by pimyithe ability to render the
designs in 3D, making building designs more acbéssd them.

2. Collaboration in Design and Construction: Collabiora in design and
construction is expressed in two ways: “interndilyhere multiple users within a
single organization or discipline edit the same elodimultaneously, and
“externally,” where multiple modelers simultanegusiew merged or separate
multidiscipline models for design coordination. \ies in the internal mode
objects can be locked to avoid inconsistencies wdigacts might be edited to
produce multiple versions, in the external modey ord editable representations
of the objects are shared, avoiding the problemefiorcing the need for each
discipline to modify its own objects separatelydsefchecking whether conflicts
are resolved.

3. Rapid Generation and Evaluation of Constructiomn PAdternatives Numerous
commercial packages are available for four-dimeraiq4D) visualization of
construction schedules. Some automate the generatioonstruction tasks and
modeling of dependencies and prerequisites (sucboaspletion of preceding
tasks, space, information, and safety reviews awburces crews, materials,
equipment, etc.) by using libraries of constructio@thod recipes, so that changes
to plans can be made and evaluated within hours.

4. Mechanical Electrical Plumbing (MEP) Clash detettiddEP systems are
extremely critical on technically challenging proie like hospitals,
pharmaceutical industries. Deciding the routing tredspatial arrangement of the
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MEP systems before construction execution hencgs@a important role in the
successful execution of a project. A/E’s typicaflyoduce a schematic line
diagram of the MEP system routing and the contraetites on his specialty subs
to come up with the precise dimensions of the systaiven the required
specifications by the A/E. Failure to identify tBpatial dimensions of the MEP
systems and checking for potential clashes betweerdifferent MEP systems
before construction can result in a lot of reworkiat can further lead to time
and cost overrun (Khanzode, 2008).

INTERACTION BETWEEN BIM AND LEAN

Sacks et al. (2010) hypothesized positive intepastibetween many lean principles
and BIM functionalities. The lean principles thatvk the highest concentration of
unique interactions are:

a. get quality right the first time and reduce produestiability
b. focus on improving upstream flow variability, re@ugroduction variability

c. reduced production cycle durations.

The BIM functionalities that have the highest carcations of unique interactions
are:

aesthetic and functional evaluation
multiuser viewing of merged or separate multidisogpmodels
4D visualization of construction schedules

2o o

online communication of product and process infdroma

In another research, Sacks et al. (200B)le concentrating on fabrication, logistics
and installation of a building on site emphasizetlo® implementation on BIM and
lean together to achieve stable flows and commtmiqall flow signals. They
highlight that use of 4D CAD modeling can help tampfor stable work flow and to
communicate standardized processes to workers. Bidlels stored online on
servers can be pulled up any time to look up dedaihformation on work packages.
Due to increased collaboration between the proaticipants and increased
confidence in the design, BIM implementation als@san just in time delivery of
materials and parts. BIM when combined with thetlRlanner Systeff can help in
filtering work packages for maturity to ensure digbh

Thus, from the above we can conclude that theresagmificant benefits of
implementing BIM and lean in synergy with each otfihough Sacks et al. (2009)
have emphasized on the integration of [¥Svith BIM, no framework has been
proposed suggesting what BIM functionalities aréd¢oused and when are they to be
used to increase value and flow reliability. Thigppr focuses on presenting an
integration framework of the LP% with BIM to provide for stable work flows and
reduce the uncertainties inherent in the constrngtrocess.
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METHODOLOGY

To prepare a framework for integration of the LB&nner SysteM with BIM, it
was decided to select a project which used bothaible during the project execution.
This was done to better understand the inheremtipahissues in the application of
both these tools simultaneously to find out synei@ythe framework proposed in
this paper. The renovation of the Lee and Joe JaBwimming Center at the
University of Texas at Austin fitted the criteriaus established and was used to
prepare the integration framework between the Bémtner SystefY and BIM.

HYPOTHESISTESTING

The hypothesis being tested in the paper is thisk &id Lean are not independent of
each other, maximum benefits can be realized bywlsameous implementation of
both of BIM and Lean. Increased collaboration betwproject participants, reduced
number of RFIs and Change Orders leads to mores\ata greater satisfaction for
the customer. Due to lack of resources, the prgjadicipants did not use all aspects
of the Last Planner Systéth and hence only the implementation of lookahead
schedule and weekly work plans during construcivene analyzed for the purpose of
this study.

CASE STUDY: LEE AND JOE JAMAIL SWIMMING CENTER, UNIVERSITY
OF TEXASAT AUSTIN

The Lee and Joe Jamail swimming center at the Wsityeof Texas at Austin was
completed in 1977; however, due to the heavy wedrtear, it underwent a major
renovation in the year 2010. The renovation propes handled by the Project
Management and Construction Services of the Uniyeffhe contract required the
use of BIM, however, the level of use / deliverableere not mentioned. It was the
owner’s first time experience with BIM whereas tlentractor and the architect were
familiar with BIM through past projects. The owreavily relied on the experience
of the contractor for successful implementatiorBtfl. Owner’s initial expectation
from BIM was only that of a 3D model which coulaatly communicate the design.
However, due to the contractor’'s successful paséeences with BIM, the realm of
BIM was increased to incorporate MEP clash detactids it was a renovation
project, it was extremely important to accuratedgntify the existing utilities to
develop the routings of the new MEP system. Tha/@d to be extremely difficult
due to the unavailability of ‘as-built drawings’llAhe drawings had to be created
using the 2D plans and site surveys. This was ttwmbined into a 3D model in
Autodesk REVIT by the Architect. The design proctssk a total of 13 months and
was followed by the construction phase. Beforesthet of the construction phase, the
entire project team comprising of the owner’s ptojmanagement team, contractor
with his team of subcontractors and the architéattesd weekly BIM coordination
meetings. The objective of this meeting was tod#ivihe project into different units
and then identify clashes between the differenlityuitsystems like mechanical,
electrical, plumbing, HVAC etc. to prevent late atisery of clashes that cause
rework. These coordination meetings were lead bycdbntractor who used 4 week
lookahead planning followed by a weekly work planidlentify and resolve the

Design Management



Bhatla and Leite

clashes. These meetings proved to be extremelylusethey were able to reduce the
number of RFIs and Change Orders. Furthermoree thais extremely less rework
leading to shorter project duration. The projechager, based on his experience of
working on similar size projects remarked that &5@duction in RFIs, from the 300
change orders expected to the final total of 148, @nsiderable reduction in change
orders, due to new discovery and unforeseen conditiwere observed due to
implementation of BIM coordination meetings. Thesdkdown of the total 300
change orders issued is shown in the Figure 1 below

Additional
Owner
New Requirements
Discovery 34%

33%

Unforseen

Conditions

33%

Figure 1. Classification of Change Orders

BIM implementation proved to be extremely useful nmeticulous planning to
expedite the construction. Due to the universitgand the year tournaments and
practice sessions, schedule was of paramount iapaet BIM also facilitated in
increased coordination among the project team wigiatl to better decision making.
The owner was satisfied with BIM implementation andecision was taken to use
BIM and MEP coordination in all its projects. Atgsent there are five projects
utilizing BIM in the university campus.

INTEGRATION OF LPS™ WITH BIM

Although the above project was successful in teoi8IM implementation, more
benefits / value could have been achieved if thisl Bbordination meetings were
implemented along with the LP%. The 4 week lookahead planning and weekly
work planning were limited only to improve the cdiration between the different
utility systems. No formal discussion of the refsthe scope of work was done during
the BIM coordination meetings. The BIM coordinatimeetings spanned a total of 6
months and they ended well before the constructvork was over. The project
manager also revealed that many of the items inwtnekly work plan, that were not
there in the workable backlog, were included atl#is minute. Furthermore, he also
highlighted the need for better collaboration betwehe project participants. He
remarked that not all of the subcontractors weresgmt for the coordination
meetings. The issues and resolutions to the sutaaxtats that were not present were
communicated through the general contractor. Tégslted in communication issues,
which resulted in rework in the project. One canstltonclude that the lookahead
planning which was being done in the project wasdome in a systematic way with
a well defined procedure. The project manager witisal of this fact and hoped for
better and more systematic lookahead and weeklk wianning on future projects.
With an aim to find a solution to these needs ef pnoject manager, an integration
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framework of LPS" with BIM coordination meetings is proposed in fiaper and is
shown below.
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Figure 2. Integration of BIM with LP¥' (Adapted from Abdelhamid, 2006)

As shown in Figure 2 the LP% starts with establishing the milestone based maste
schedule for the project. This schedule forms thekbone of any construction
project and hence it is essential that the relighoff this schedule be high as all other
schedules are established using this. The relplfithis schedule can be increased
with support from a 4D CAD model which shows thaided progress of the project
over the project timeline. This will help the prcjgarticipants to better analyze the
construction progress and look for constructiorratitives to better plan the flow of
work. This should be followed by the developmenttltd 4 week lookahead plan
which includes the scope for BIM coordination megtto identify clashes between
the various utility systems. This lookahead plam® the foundation for establishing
the weekly work plan and hence its reliability shibalso be very high. It should be
made taking into account the present situatiompue® availability and the future
requirements of the project. Once the resourcethactivities have been identified
and procured, all clashes between the utility systelentified previously have been
resolved; then those activities should be includedhe workable backlog. 4D
scheduling can further add value to these meetiygsomparing the desired to the
actual progress. Although this was not done fos ttase study, progress tracking
using 4D scheduling could have helped the projeahager identify those tasks,
during lookahead planning, that were included ia weekly work plan at the last
minute. With the ability to view the virtual moded the structure, the progress of the
project can be better analyzed and tracked, thikfwither enhance the decision
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making process. Finally, weekly work plans shdugdestablished from the workable
backlog by selecting only those activities for whiall constraints have been
removed, resources and necessary information faehand procured. This needs to
be done on a weekly basis which includes partimpabf the entire project team.
Collaboration between the entire project team ¢gired to prevent communication
issues that the project team faced in this cas#ystlihis can help prevent major
rework in big projects. Thus, clash detection stioldrm an integral part of this
system, which involves collaboration between théremproject team, and not be an
independent process. Project progress reportiggnasher essential feature of these
weekly meetings and the project team should maleryegffort to document the
project progress.

SUMMARY AND CONCLUSION

BIM and Lean have been implemented independentlynany projects to realize
significant benefits to the customers. Past rebearchave hypothesized several
interactions between BIM and lean which can leatutther benefits for the project
participants and the customers. Despite these ndseefforts, no integration
framework for implementing BIM and lean has beeoppssed. The aim of this paper
was to establish a framework for incorporating Bidnctionalities, like 4D
scheduling, MEP clash detection, into the [®30 enhance work flow reliability
during the construction phase. The framework wagld@ed using a project at the
University of Texas at Austin, which involved ude3® visualization and MEP clash
detection during lookahead and weekly work plannifigis implementation of BIM
with lookahead and weekly work planning reduced Rids, change orders issued
and hence led to more value for the customer. Témmdwork starts with the use of
4D scheduling to develop the master schedule. Theek lookahead schedule which
is formed from the master schedule incorporatesBhé coordination meetings
where potential clashes between the different tytilystems are identified for
resolution. 4D scheduling is also proposed to bplemented to form lookahead
plans to better monitor the construction progrégsally the weekly work plans are to
be formed using the activities in the workable bagkor which all constraints have
been removed and information, resources have bemuned. It is hoped that this
framework when utilized by the project participamidl yield more benefits to the
entire project.
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