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ABSTRACT

BIM intrinsically provides many features and metblogiies to eliminate waste,
promote a streamlined flow of work and the delivefyalue to internal and external
customers. This study builds on an existing int@wacmatrix of lean principles and
BIM functionalities and explores new interactioretvkeen these two. The study also
aims to expand the existing matrix by discerningvnand uncovered BIM
functionalities and lean construction principles. an attempt to pinpoint new
interactions, researchers have identified acadamicindustry based projects, which
have integrated BIM methodologies and have empldgad concepts. The research
then integrated these new projects to the intemactiatrix to further understand how
BIM contributes lean construction and how couplBtM and Lean Construction
may affect projects in terms of time, cost and gallihe nurturing proposition of this
research is that BIM functionalities are still lahg unexplored, especially those
related to the operation and maintenance stagesfadility. Their link to the Lean
Construction theory may actually help promote aforined use of BIM for the
Architecture, Engineering, Construction, and Owmetustry and to promote more
effective transformation, flow and value generatibmoughout the life cycle of
construction projects.
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INTRODUCTION

Two concepts, Lean Construction (Lean) and BIM [@ng Information Modeling),
have contributed to improving the delivered valued aquality of the final
construction projects to the clients. Project stakgers such as designers, contractors
and suppliers implement BIM as a platform for efifex collaboration among various
construction divisions and team members. Recertiesu(Khanzode et al. 2006,
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Sacks et al. 2010) indicate that there are syneigpéween Lean and BIM, and these
can efficiently enhance construction projects penémce. Integrating Lean and BIM
requires comprehensive understanding of the twaemts and comprehending how
these two concepts can be utilized in differentjgois at various stages. Several
functions of BIM and Lean are identified and apgli®/ the industry; however, there
are still several potential areas that requirenfarexploration especially such as post
construction phases which are getting less attentio

Many researchers have focused on the applicatid@iMfand Lean in the design
and construction stages but there have been fetueies on how BIM can be
leveraged in operation and maintenance (O&M) stagfea facility. A thorough
investigation is required to validate how the emgpient of BIM in O&M stages can
address lean principles and reduce waste and serid@ value to the owner. The
main purpose of this paper is to extend the ctitideservations from the design and
construction phases to post construction and tbiities management practices. A
study by Reidy et al. (2005) indicates that a gpeation of building lifecycle costs is
dedicated to the O&M phase.

In order to effectively cut down the project lif@bty costs and construction waste,
there is a need to control, monitor and verify tiesign from early stages and set
rigorous plans for maintaining the building durirg future operation. Al- Hammad
et al. (1997) discuss that defects caused by ingprplanning, unqualified design and
ignoring the requirements of preventive maintenamktging the design stage
remarkably increase the cost and effort for buddd&M. Building owners place
great emphasis on the capital costs of a projetieaexpense of future running costs.
The life-cycle cost of an asset is defined as tlesgnt value of the total cost of that
asset over its operating life, including initialpttal cost, occupation costs, operating
costs, and the cost incurred or benefit derivethftioe disposal of the asset at the end
of its life (Arditi and Nawakorawit 1999). Sacks at. (2010) identified 56
interactions demonstrating both positive and negatynergies among BIM and Lean
while mainly focusing on the stages of design, pnstruction and construction. The
authors of this paper, however, have taken theeptojifecycle into deliberate
consideration in order to pinpoint new interactidreween BIM functionalities and
Lean principles. This study builds on an existintgraction matrix of lean principles
and BIM functionalities (Sacks et al. 2010) andlesgs new interactions between
these two.

EXTENDED LEAN CONSTRUCTION PRINCIPLES

Lean principles support required techniques for lemgnting Lean concepts in
construction. They emphasize whole process optimizathrough collaboration,
continuous improvement, elimination of waste anfb@us on delivering the value
desired by the end- user (Enache-Pommer 2010).rdcgpto Ballard and Howell
(2003), some of the main characteristics of a Leanject Delivery (LPS) are that the
product and process are designed together, aluptdifiecycle stages are considered
in design, learning is incorporated into the prgjend the fact that stakeholder
interests are aligned. Sacks et al. (2010) havieatepther Lean principles by taking
into consideration two lean concepts: flow and galm this research, there are two
more lean principles identified in three principatas described below.
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Increase Relatedness and Collaboration: This principle implies the necessity to
eliminate any impediment, which causes insufficier@latedness of project
participants. Relatedness has to be fostered fi@relnt specialties who collaborate to
develop the “product” and its related processegttw where project participants
take into account each other’s needs throughoterdiit project stages. Participants
need to develop relationships founded on trushefytare to share their mistakes as
learning opportunities for their project, and ak tother projects (Lichtig 2005).

Tightly Coupling of Learning with Action: Project value can be enriched by the
process of performing work, learning from actiord amproving work. Rather than
using single flow for action, firmly linking leamg with action should be
implemented based on the feedback of how satisfathe performed work has been
in terms of meeting quality requirements and exqtemts (Lichtig 2005).

EXTENDED BIM FUNCTIONALITIES

BIM functionalities are widely known for design amdnstruction processes. The
next step is identifying BIM functionalities thabratribute to Lean construction. We
first propose the new functionalities which ardizeid during the preconstruction and
construction phases and afterwards we discusstiwdidnalities that mainly focus on
the operation and (O&M) phase and support BIM- &thEacilities management. As
stated by Kurdi et al. (2011) a useful managemewit for selecting the appropriate
strategy to maximize the facilities output will e building lifecycle costs and
maximizes profits. BIM functionalities facilitatgpplying the necessary management
techniques by generating a framework for collaboratorganizing building data and
providing access to them throughout facility’s ¢iyele. After analyzing projects for
their potential interactions, Gerber et al. (201®ve found a large array of
implemented BIM based methods and activities thatdirectly related to Lean. Of
note is the flow and fidelity of information fronmdse BIM methods that facilitate
Lean principles in the design and constructiorheke projects. The next paragraphs
introduce new BIM functionalities added to thosenitified by Sacks et al. (2010).

Support the Make Ready Process. The “make ready” process is part of the Last
Planner System™ in which the constraints related specific task are reviewed at
the medium-term planning level or look-ahead leB#M can support the make ready
process by allowing project participants to viszeléd-6 weeks ahead of execution
and BIM helps them analyzing which tasks will haweebe performed and what
additional constraints may be identified by examgnihe model for each specific task
(Ballard and Howell 1998). Despite the fact that ewerything that takes place
during installation is modelled in BIM, the modeles a birds-eye view of the
situation crews might encounter and help each ttadget ready for construction
(Sacks et al. 2009).

Facilitating Real- Time Construction Tracking and Reporting: BIM provides
the ability to monitor real time construction pregs, transfer retrieved data and
compare it with available information database wiith purpose to evaluate progress
and make future decisions in advance, based oprdject historical information.

Support Augmented Reality: By integrating BIM with augmented reality, a
better understanding of construction progress,igiet and accuracy of constructed
elements can be achieved through superimposinguélsand as- planned model; As
a result the construction project manager mighdatile to detect defaults and to make
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control decisions and effectively report deficiaxwito the responsible project
participants.

FUNCTIONALITIES THAT SUPPORT OPERATION AND MAINTENANCE

The O&M phase of construction projects usually npavates a large portion of total
project cost. Facilities Management (FM), as thénnaad most sensitive segment of
this phase requires excessive collaboration andrdperability among various
divisions of computer-aided design, engineering aoftware systems. National
Institute of Standards and Technology (NIST) redelaa report in 2004 indicating
annual cost of $15.8B due to inadequate interojiéyasnd ineffective operation and
maintenance of ongoing facilities (Gallaher et2404). BIM is accompanied with
beneficial functionalities that enable efficient iQouter Integrated Facilities
Management (CIFM). Benefiting from IFC (Industry Urmlation Classes) file
formats developed by the International Alliance tateroperability (AlA), BIM
provides an enriched information database so thajeq information generated
during design and construction phases can be deailgferred to the operation phase
(Isikdag et al. 2008). From the Lean design andsttantion point of view, BIM
supports facilities management processes by fatiilg information flow, reducing
variability, and standardization. Current deficiexscand challenges with the manual
methods for FM and the fact that manual practicegieme-consuming and laborious
have increased industry interest in utilizing BiMadrder to improve FM practices.

Controlling Lifecycle Cost Data: Dividing the lifecycle of a construction project
into three major stages of design, construction,M)&ach stage consists of an
individual set of components associated with akthéet database of information such
as cost, location and so on. In order to effecyivehnage all the information, analyze
them and to transfer them forward to the next stagjdifecycle, BIM plays the role
of a robust database with the capability of storinfprmation and providing
convenient access to the information for all prbjetakeholders. Consequently,
historical costs of the project can be stored fure applications such as renovation
and remodeling. Effective and immediate accessfiarmation minimizes the time
and labor needed for retrieving information anduas$ the occurrence of ineffective
decisions that are made in the absence of infoom#Ergen et al. 2007).

Controlling Lifecycle Environmental Data: Throughout the project lifecycle,
components’ information may be updated or modifiédr instance, environmental
data has to be updated regularly for environmentphct studies that start from the
early stages of design and continue through thgegrdifecycle by monitoring
environmental compliance. The ability to contrdédycle costs and environmental
data leads to predictable building performance tiglster budget planning (Sabol
2008).

Effectively Locating Building Components. Locating building components,
equipment and facilities for maintenance, prese@waand repairing purposes is a
regular task performed by FM personnel and tecangiGallaher et al. (2004), argue
that currently, an inordinate amount of time isrgplecating and verifying specific
facility and project information from previous agties. They mention that, as- built
drawings (from both construction and maintenanceragpns) are not routinely
provided and the corresponding record drawings raye updated and therefore,
information on facility condition, repair parts &ts, or a project’s contract or
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financial situation is difficult to locate and m#&m. By using BIM tools, onsite FM
personnel can navigate into BIM models and use BiiMtions such as view, search,
filter, and highlight to guide themselves to theyé component (Becerik-Gerber et al.
2011).

Facilitating Retrieval of Real-Time Integrated Building, Maintenance and
Management Data: In order to execute inspections and facilities cassioning, FM
personnel need to pull out real- time informatidnparameters such as location,
condition and timing from different building dataes; therefore an instant access to
the required information is needed. BIM enabled-reame FM by integrating data
and building model and presenting a three dimemsionterface with highly
functional dashboard of capabilities (Freeman 2009)

Improving Maintainability Studies: Maintainability studies begin in early stages
of building lifecycle due to the fact that majority deficiencies taking place during
building’s operational phase could have been fanesand avoided throughout the
design and construction stages. To avoid expemskssk factors associated with the
building maintainability, BIM provides an effectivelatform to monitor building
materials and elements to ensure that they areatwpgrin compliance with
environmental and functional requirements throughdlue building lifecycle.
Moreover, As- built models could serve to automtue maintainability- checking
processes through the use of geometric and semBiitic data, which provide
information about the actual dimensions and locatispatial relationships, and
maintainability- related documents (Becerik-Gerdieal. 2011).

Streamlining Space Management: Space management is the process of
projecting space requirements, identifying deficien, allocating available space to
users in an equitable way, monitoring use, asgisigers with space usage problems,
and resolving space problems with the intentioomiaimize energy, maintenance,
and other operating costs. BIM promises to impregace management by
integrating building data with historic data; autding process of space validation;
and by improving space planning and forecastingcssuitability assessment and
post- occupancy evaluation. Moreover, data ex@échiom BIM applications, can be
easily transferred to available space managemémtaze through IFC formats.

Fostering Efficient Planning and Feasbility Studies for Non-Capital
Construction: Renovation, retrofits and demolishing of existingildings are
considered to be one of the responsibilities of Ekbup. Owners often do
renovations and retrofits to save energy costs medt new codes. Traditional
renovation methods use references such as blugpsganned 2D drawings and so on.
Taking advantage of building information databasejlity managers can perform
energy efficiency analysis for different desigreaiatives in order to document new
construction conditions.

Enabling Personnel Training in Virtual Reality: Another challenge in FM
practices is to systematically train FM personrmel dccurately operating different
facilities. Traditionally, FM personnel get acquath with facilities by attending
technical presentations and site visits. The labours and cost devoted to the
conventional training process for FM personnel &ngcompetence on systems are
relatively high. BIM systems can provide more apifor rendering the designs with
some degree of realism, making building designsenamcessible to nontechnical
project participants and stakeholders than is ptessvith technical drawings (Sacks
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et al. 2010). Using an interactive 3D model, FMspanel can experience a virtual
reality in which they can virtually control and peive existing facilities. This
approach enhances learning experience and alstesraist evaluation

Expediting Search and Rescue: Emergency situations need to be carefully
considered throughout the design phase of a fadgitM can be deployed to improve
safety of building occupants in case of unexpeaeents. Positioning of critical
equipment and elements can be determined earlyakyng use of BIM’s graphical
features and interfaces. Moreover, the processeathing critical facilities and
locating occupants during an actual emergency eaaxpedited by accessing BIM
based accurate information rather than assumpéind®stimates.

DISCUSSSION

The interaction matrix, illustrated in Table 3derived from Sacks et al.’s (2010) and
it holds the same interface except that the newixnatextended and developed with
new Lean principles and BIM functionalities. Theeyipusly identified interactions
are shown by “X” and the new Lean principles andMBFunctionalities are
represented by the bolded font in the table. Initemig some of the previous Lean
principles and BIM functionalities are not shownthe table since there has been no
new interactions found for them in this researchcdéntrast to Sacks et al. (2010)
methodology, which breaks down lean principles td-scategories, this paper
primarily employed main categories for presentatibrinteractions between BIM—
enabled FM and lean construction. The driving ifteahis approach is that some of
the sub- categories of Lean principles providedhgks et al. refer to the production
process while the BIM-enabled FM mainly addreskesyeneral Lean concepts.

Critical interpretation of the interaction matrioudd inspire novel management
methods and provide insights on how BIM and Leanlmaintegrated to enhance the
value and quality of the delivered project. Siftittough the interactions, one can
observe that “Reduce Variability” and “Reduce Cydanes” are the highest
concentrated Lean principles. This highlights thetfthat the main effort during
construction and maintenance stages has to beiptaahead and prevention of any
unnecessary tasks, which lead to undesired resditsthe other hand, the highest
concentrated BIM functionalities are “Reuse of MioData for Predictive Analyses”,
“Visualization of Form”, “Facilitating Real- Time dhstruction Tracking and
Reporting” and “Facilitating Retrieval of Real- Tém Integrated Building,
Maintenance and Management Data” respectively. ithiies an interest in taking
advantage of emerging “Real- Time Data Acquisitaomd Analysis” technologies
especially in the phases of the construction arat ponstruction. Integrating these
technologies with visualization capabilities of Bifdcilitates the decision- making
and consequently leads to a lean construction.

CONCLUSION

This paper presents an extended interaction mé&riXBIM and lean construction
supported by both empirical and academic evideibe. authors took the project
lifecycle as the base point for investigation andused on the phases in which the
FM practices are considered to comprise a greaioporThe authors believe that
there is a growing interest in exploiting BIM fomproving FM practices and
minimizing the costs related to maintaining andasging facilities.
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Table 1: Extended Interaction Matrix of Lean Prples and BIM Functionalities
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BIM Functionality A B C D E F G | J K L M N (0] P Q
Visualization of Form X X, 7,8 X , 7 X X, 7
Reuse of Model data for 2 X, 7,8 X,6 X X 7 X, 7 7
predictive analysis 3 X,1 X X, 1
Automated generation of
drawings and documents 4 X X4 X
Collaboration in design and
construction 5 X X X X X 3
6 X X X X X, 6 X X
Online/ electronic object-based
communication 7 X 4 X X X X X X
8 X, 2 X 2
Support the Make Ready
Process 9 4 4
Generating As- Built Models 10 5 5
Monitoring Construction
Process 1 5 5 5 5
Real- Time Evaluation of
Productivity 12 2 2 2 2 2
Support Augmented Reality 13 5 5 5
Controlling Lifecycle Cost
Data 14 17 17 17
Controlling Lifecycle
Environmental Data 15 14 14 14
Effectively Locating Building
Components 16 9 9
Facilitating Retrieval of Real-
Time Integrated Building,
Maintenance and Management 17 10 10,13 10
Data
Improving Maintainability
Studies 18 10
Streamlining Space
Management 10 16 16 16
Fostering Efficient Planning
and Feasibility Studies for 20 12 12
Non-Capital Construction
Enabling Personnel Training in
Virtual Reality 2a 15 15
Expediting Search and Rescue 22 11 11
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Index

10

11

12

Table 2: Interaction Matrix: Explanations of Cebi@ents
Explanation

Once cost estimate and 4D Schedule were generated automatically, cash flow analysis
charts and information can be developed. As a result, owner and contractor will be able to
forecast required budget and cost of the project far ahead of time. In addition, if any
construction circumstances result in even slight changes in design, cash flow data will get
updated accordingly.

With BIM interfaces, real- time productivity can be measured, so that any defects in terms
of production in workstations can be rapidly detected and resolved in early stages of
work. This will result in learning from experience and consequently improves future
methods of implementation.

Collaboration occurs better when project participants are gathered in a room while
viewing themselves as equal participants in the process and when the initial collaboration
centers on exploring and defining the problem, rather than commenting on someone’s
proposed solution. With BIM, design and construction participants come to collaborative
meetings from a position of inquiry, rather than advocacy.

Facilitating coordination and forecasting required Labor, Equipment and Material (LEM),
BIM prevents conflicts in site and consequently prevents any rework and reduces cycle
times. Additionally, BIM Efficient coordination will enhance project safety as well and
avoids any delay in work resulting from safety issues.

Comparing generated As- Built model with As- Planned, discrepancies between these
two can be easier detected. In addition, quality assurance and control can be accelerated
through this procedure resulting in a better product to the owner.

With BIM and its interfaces, site logistics, material staging and equipment layout can be
easily determined and various alternatives can be discussed and evaluated in order to
establish best and most effective solution. This will result in trouble- free circulation of
construction related equipment and workforce.

BIM can contribute to creating a platform for end-users to observe design model as they
already live in the building and it helps them exploring the whole building and evaluating
how design addresses their requirements. Designer and client will then appraise end-
user’s feedbacks to review design and manage requirements and deliver the best product
and prevent any undesirable design. In addition, reviewing data from simulated user
occupancy can simply lead to a more efficient design especially in terms of designing
facilities.

Project managers acquire tasks that are shown in the Master Plan, break them down
about 4-6 weeks before the tasks are scheduled to start and screen each one for what is
needed in order to make these tasks ready for construction (e.g., outstanding
RFIs/change orders, pre- fabrication of items with a lead time of less than 4-6 weeks,
fine-tune the sequencing of trades according to current conditions, redefinition of layout).
Finally, BIM models provide Bills of Materials (BOM) required to perform the task and can
be used during the Make Ready process to order materials.

BIM interfaces allow maintenance people to inspect different parts of the building in
advance of actually going on- site to service them. By utilizing BIM, facility technicians will
be able to find their target piece of equipment, acquire its location and look up the
manufacturer’s information, supplier contact, warranty data and service record to pinpoint
the best approach for maintenance.

Facility managers take advantage of BIM applications with centralized, real- time and
online access to project information. The applications provide an integrated database of
historical record of all equipment, providing invaluable information regarding the actual
performance of equipment within the building and provide instant access to facility
information through an easy-to-navigate web-based 3D / BIM interface. Having all the
required data ready, countless hours of finding information is saved comparing to the
traditional methods.

Enriched structure of the BIM would provide specific advantages in facilitating the fire
response management process and decreasing the costs associated with incoordination.
Some of the tasks identified to be supported by BIM are: Locating fire sensors and fire
alarms inside the building, providing information about installed electronic control
systems, locating emergency exists in the building, tracing positions of electrical
installations and pipelines surrounding the building, providing information about materials
of building elements.

BIM software allow facility managers to collect all the information on existing conditions
and perform critical analysis on available design alternatives in order to effectively
operate renovations and predict future energy usage and efficiency of the new- designed
facility.

Evidence from
Practice/or Research
Not Yet Available

Taneja et al. 2011

William A. Lichtig, 2005

Not Yet Available

Golparvar- Fard et al.,
2009

Rudolph & Sletten Co.,
Dry Creek Rancheria
Conference Center,
2007
Weilin and Qiping Shen,
2011

Not yet Available

ENG Studios/ YouBIM

ENG Studios/ YouBIM

Umit Isikda, 2008

WLC Architects-
Rancho Cucamonga
Middle School 2010

Proceedings for the 20" Annual Conference of the International Group for Lean Construction



Extending the Interaction of Building Information Modeling and Lean Construction

Table 2: Interaction Matrix: Explanations of Cebhi@ents (continued)
Evidence from

Index Explanation Practice/or
Research
13 Attaching RFID tags to components provides the ability to remotely identify and track Motamedi et al.
each component individually. This feature provides more accurate supply chain visibility 2009

and improves information sharing and reduces manual paper-based record tracking.
Moreover, having product history and process related information stored on tags
attached to components provides easy access to data for various Product Lifecycle
Manager (PLM) software applications and eliminates the need for network connectivity
to retrieve data from a central database. Furthermore, it reduces human errors since the
data storage/retrieval is automated in an electronic format which minimizes the risk of
data loss.

) ) . Motamedi et al.
14 BIM can create a comprehensive database for storing and also retrieving a set of 2009

specific environmental data such as the location or the functionality and specifications of
the space. The database can frequently get updated and revised either manually or
automatically as the facility ages through its lifecycle. This can also facilitate the future
planning process for possible renovations and building upgrading.

. . . ) . . . . EON Reality and
15 Facility managers and technicians are provided with a virtual environment in which the Saudi Aramco

actual building or the facility’s 3D model is available. The FM personnel will be able to 2009
work with different devices and equipment in an interactive environment. This enhances

the learning process with supporting visualization and enables FM personnel to get

acquainted with facility operation more effectively.

16 BIM can visualize space and host space attributes for immediate access to facilitate Becerik et al. 2011
identifying underutilized spaces, forecast space requirements, simplify space analysis, Sabol 2008-
manage the move process, and compare actual with planned space utilization (Becerik Sydney Opera
et al. 2011). The building 3D model can be used as the basis for model development House

and performing space management analysis while the master model supports different
spatial hierarchies such as location zones, functional spaces, rooms and places to
organize interior space for multiple purposes.

In addition to facilitating cost estimation during design and construction, BIM can also Sabol 2008-
17 assist recording cost data related to all building components and objects and facilities Sydney Opera
within the building throughout its lifecycle. FM personnel can easily access all detailed House

information regarding building elements cost and can perform cost analysis for any

future construction plans in order to achieve predictable building performance and

tighter budget planning.
Enhancing construction quality by integrating BlMtlwlean concepts is still a
potential area for further investigations. The fatwork of the authors will include
an extension of the current matrix and explorinw meteractions through studying
more practical sources and case studies. Futudgestwill help lead to a rigorous
and reliable framework for the industry to effeetivexecute lean construction.
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