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EXECUTIVESUMMARY

A Building Information Moded . L a a)digkabreptesentation of physical and functional characteristics

2F | ¥ FoBuctessiulyy implement BIM, a project team must perform detailed and comprehensive
planning. A well documentedIM Project Execution Plawill ensure that all parties are clearly aware of

the opportunities and responsibilities associated with the ipavation of BIM into the project

workflow. A completedBIM Project Execution Plan showdfine the appropriate uses for BIM oa

project (e.g., design authoring, cost estimating, and design coordinatedohg with a detailed design

and documentatiorof the process for executing BIM throughdut LIN2 2SO0 Qa f AFS0Oe Of So
created, the team can follow and monitor their progress against this plan to gain the maximum benefits

from BIM implementation.

This Guide provides a stiwred procedure as displayed ifrigurei-1, for creatingand implementinga
BIM Project Execution Plan. The four steps within the procedure include:

1) Identify high value BIM uses during project planning, design, coasbn and operational
phases

2) Design theBIM executiorprocess by creating process maps

3) Definethe BIM deliverablem the form of information exchanges

4) Develop the infrastructure in the form of contracts, communication procedures, technology

and quality control to support theanplemertation

BIM Project Execution Planning Procedure

. Define project anditeam value
dentity, dB'M Goals B4 rough the identification of BIM
and Uses Goalsiand|Uses;

Develop a process whichincludes
tasks/supported by BIM along with
information exchanges:

Design BIM Project
Execution Process

Develop the information content,
level of detail and responsible
parfy foreachiexchange:

Develop Information
Exchanges

Delivery Strategy / Coniract

Define Supporting [ Definethe projectinfrasiruciore
Infrastructure for BIM grequiredifo supporithe developed
Implementation BIMiprocess:

Communication Procedures
Technology Infrastructure Needs

Model Quality Conirol Procedure

Figurei-1: The BIM Project Execution Planning Procedure

1Readers who are not familiar with these concepts should first review the National Building Information Modeling
Standard, Part lavailable at http://www.buildingsmartalliance.org/nbims .
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The goal for developing this structured procedure is to stimupdéegningand direct communicatioty

the project team during the early phases of a projed@the team leading the planning process should
include members from all the organizations with a significant role in the profgictcethere is no single
best method for BIM implementation on every project, each team must effectively design a tailored
exeation strategy by understanding the project godlee project characteristics, and the capabilities of
the team members.

This BIM Project Execution Planning Guide is a product of the BIM Project Execution Planning
buildingSMART allianze (bSa) Project. The bSa is charged with developing the National Building
Information Modeling Standasd (NBIMS). ThiGuide was developed to provide a practical manual that

can be used by project teants designtheir BIM strategy and develoa BIM Project Execution Pla

The core modeling and information exchange concepts have designedio complemern the long

term goals of the bSim the development of a standard that can be implemented throughout the AECOO
Industry to improve the efficiency and effectiveness dfl Bhplementation on projects.
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READER® GUIDE

This Building Information Modeling (BIM) Project Execution PlannimdeGai directed toward readers
with a fundamental understanding of BIM concepts

Theeightchapters in thisuide provide:

e An overview of the BIM Project ExecutiBlanning Procedure (Chapter Qne

¢ A method b identify BIM Uses (Chapter Two

e A procedurdor designing the BIM Press for the project (Chapter Three

¢ A method for defining the Information Elxange Requirements (Chapter Four

¢ A method to define the infrastructure necessary to suppbg BIMProcess (Chapter Fiye

e A structured method for teanimplementation of the procedure through a series oéetings
andintermediate tags (Chapter Sjx

e A structured method for individual organizational developmenttygical methods for BIM
implementation (Chapter Seven)

e Conclusions and Recommendations for projects and organizations implemented BIM based on
lessons learned through the creation of the Guide (Chapter Eight)

Appendices provide additional resources for implementing the BIM Project Executamiriy
Procedureon a project. These resources incluglank template formgor completing each step within

the process. There are also example process maps and information exchange examples for a sample
project. The sample project used is a hypothetiahbratory poject with a limited number of BIM Uses

so that it is easy tanderstand

Electronic resourcesare available at the project websiténttp://www.engr.psu.edubim). These
resources include Microsoft Excgpreadsheets for various template files, a Microsoft Visio file with
template process models, and an Adobe PDF template form for completing an execution plan. Project
teams can use these documents to develop their BIM Project Execution Plan, or copyprigtero
content to any customized organizational documents.

2 Readers who are not familiar with these concepts should first review the National Building Information Modeling
Standard, Part lavailable at http://www.buildingsmartalliance.org/nbims .

Building Information Modeling Execution Planning Guide

. ©2010 The Computer Integtad Construction Research Group BIV
1\ PROJECT

The Pennsylvania State University sxsci‘:


http://www.engr.psu.edu/bim
http://www.buildingsmartalliance.org/nbims

ACKNOWLEDGEMENTS

The research teamvould liketo thank the sponsors and project Advisory Board Members for their
support of the BIM Project Execution Planning Guj®ject. The teamalso wisles to thank the
students at Penn State whuavecontributed to portions of this guide, as well as the industry members
who have participated in surveys, interviews and case studies related to the project.

Sponsors:

The Charles Pankow Foundation (http://mmpankowfoundation.org)

Construction Industry Institute (CII) (http://www.constructigmstitute.org)

Penn State Office of Physical Plant (OPP) (http://www.opp.psu.edu)

The Partnership for Achieving Construction Excellence (PACE) (http://www.engr.psaesu/p

Advisory Board Members:

Deke SmithExecutive Directoof buildingSMARTIleance (Industry Champion)

Mark Butler Chair, US National CAD Standard Project Committee, Systems Integration Manager,
and Senior Professional Associatt)R Inc

Derek Cunairector of Project Development, Mortenson Construction

Mark FalzaranaCAD CoordinatoBarton Malow Company

Ed Gannonilanager of Design Services, Penn State Office of Physical Plant

Greg GidezZZorporate DesigManager, Hensel Phelps Construction Co.

Francois GrobleRh.D., US Army CERL and Mdrth America

Steve HagarRroject Knowledge Center, U.S. General Services Administration

Steve Hutsell, Chief, Geospatial Section, Seattle DjdtcArmy Corps of Engineers

Mark KoncharVice PresidenBalfour Beatty Construction

Soad Koushest®resident, AEC Strategy

Robert Leicht, Ph.D., BIM Project Manager, DPR Constructors

Kurt MaldovanDesign & Construction Visualization Coordinaf@cobsGlobal Buildings North
America

Victor SanvidoPh.D., Senior Vice President, Southland Industries

Alexander Zolotov, BIM Technical Lead, Clark Construction Group, LLC

Sponsor Directors

Robert TenerExecutive Director, The Charles Pankow Foundation
Steve Thomas, Associate Director, Construction Industry Institute

Building Information Modeling Execution Planning Guide

©2010 The Computer Integtad Construction Research Group v
The Pennsylvania State University






TABLE OFCONTENTS

EXECUTIVEBUMMARY.....cotiiiiiii e e e et e e ettt e e ettt e e e ettt eeeeetmeee e e st e e e e e ta e eeetan e esstmeaeeatan e esetanaeaeetannns |
AUTHORS ANGONTRIBUTORS. ...tu eeiittiieeiitteeeetimeee ettt eeeeetaeeesetanaessstmrasestasaasestasaasestanaassstmnasssnnsaasees |
RE ADEBBGIUIDE ...ttt iiiiii e eeeit et e et teee e ettt e e e et e e s e taaeesasumre s s aaa e e e asaneessaan s ssbamesesannesesanneesestnnesesnnns 1\
ACKNOWLEDGEMENT.S ... iitttiietettteeeetimeesesteeesttaeesettaeessttmeestaneesstaetestanaesestimesraeeerstnneeessrnnnns \
CHAPTERONEC OVERVIEW OF THROJECEXECUTIORLANNINGPROCEDURE FBM........ccvveiiiiveeennn 1
1. Introduction to Building Information Modeling...........ccooiiiiiiiiiiiiei e 1
2. Why Should the Project Team Develop a BIM Project Execution. Plan?...............cccccevvvinnnn. 2
3. The BIMProject Execution Planning ProCedure..............oouiiiiiiiieeiiiiieie e 2
4. What Information is Included in a BIM Project Execution Plan?..............ccocovviveeiiiiiiiiieiiiiiinnnnn. 6
5. Who Should Develop the BIM PIan2.............uuuiiiiiiiaeriiiiiiiieieiiiiiie e 7
6. What Meetings are Needed to Successfully Develop the BIM Plan2...............ccooeeiiiiiiinnnnn, 7
7. How Does the BIM Planning Procedure Integrate With the National BIM Standard?................ 7
CHAPTERWOC IDENTIFYINBIM GOALS ANRISES FORPROJIECT.....ccvvuiieieriieeeeriieamiineesesnneesessnneesennns 9
1. Defining the BIM Gals fOr the ProjECL........ooiiiiiiiiiiee e 9
2. Description Of BIM USES.......cooii i e 10
3. Begin with the ENd in MINGL........uuuu e eee s 11
4, BIM USE SeleCtion PrOoCEAUIE.......cciiiiiii et ee et e e e e e e et e e e e e e e eeeeneen 12
QHAPTERHREE; DESIGNING THEHM PROJECEXECUTIORROCESS. .. ..t ieieeeeetiiiee e eeemrie e e e e eeeenaanans 15
1. Mapping the Project EXECULION PrOCESS.... ..t iiiiiiiiiiei e e e e e e eeeiie e e e e e et e e e emm e e e e eeaan s e e e aeeennns 15
2. Creating a BIM OVEIVIEW MaAP........uiiiiiiiiiiie e e e e e enm e e e e et s e e e e e e e enn e eeees 16
3.  Creating a Detailed BIM USE MaR........ccioiiiiiiiiiei i eeeeiie e e e e e e eem s e e e e e e e e e e eeaan e ennn s 19
4. Symbols Used for Process Map RepreSentation............ueiieeeieieeieeiiiiieeeeeeiiiis e eeeeseeeeeeain s 22
CHAPTEROURCG DEVELOPINIFORMATIONMEXCHANGES ... .. iiiiiieeiiieee e eeeette e e e e e e e e eeati e e e e e s emraaan s 23
1. Pulling the Information Through the ProjeCL..........coiiiiiiiiiii e ee e 23
2. Information Exchange WOIKShEEL...........i i eees 24
QHAPTERIVEC DEFINESJPPORTINNFRASTRUCTURE BRIRI IMPLEMENTATION. ..vuueieeeeeeeeviviee e emeeees 27
1. BIM Project EXeCUtion Plan OVEIVIEW. ............iieeiiieiieeeiiiiiieeeeeetis s e e e eeesteeseaten e eeeeasrnnaaeeeenns 28
A = (o= ) 0] .1 F= L4 o RS 28
T (=) VA ad (0] (= Tox 0] g1 -Vt v PPN 28
4., Prgect BIM GOalS / BIM USES......cccoiiiiiiiiiiiiieeee ettt e e et eee e et e e e e e e attaa e e e e s s e eeesnean 29
5. Organizational Roles and Staffing..........ccooouiiiii i 29
6.  BIM PrOCESS DBSIgIN . .ccuitiiieiiiiiiie e e ettt e e e e e e e e ee e e e et e et e e e e e e aaaa s eena s reeaeeraaaaaaaaes 29
7.  BIM INformation EXCRANQES........covvviiiiiii e e et e e e e e e e e eaaaas 29
8. BIM and Facility Data REQUIFEMENTS ........ccoiiiiiiiii et e e e e e e e e e e e e e e e 30
1 R o] 1= 1o To] = Uie) gl = o ToT=To [0 (=T PPN 30
10, QUANLY CONLIOL....uiiiii i a e e e e e e e e e e e e e e 31
11. Technology INfrastruCture NEEUS............evviiiiiiiiiiieee e 32
D2 IV oo [ B} U o £ (= RSOSSN 32
13, ProjeCtDelVEraBIES.........coooiiiiiee e e e 33
14. Delivery Strateqy / CONLIACT.......cooi i e as 33

Building Information Modeling Execution Planning Guide

BIM ©2010 The Computer Integtad Construction Research Group
! The Pennsylvania State Universit
y y

Vi

EEEECEEEEEE EEEEEENS



HEREREREANS HNEENENS

HAPTERIX C IMPLEMENTING THHM PROJECEXECUTIORLANNINAPROCEDURE........oiieivieeeeeii e 37
1. Meeting Structure for Developing a BIM Project Execution Rlan...............ccoovemmiiiiiiiinnnnn. 37
2. Planning MeetingSChedUIe..............ccooiiiiiiiiiiiii e ene . AO
3. Monitoring Progress against the BIM Execution Rlan...................eiceeiiiiiiiiiiiiiiiieee e 40
HAPTEREVEN; BIM PROJECEXECUTIORLANNING FORRGANIZATIONS....cvviiieieriieeeeeriieeeemieeeeeeraas 41
N = 1 T o - L 42
2 BIM U S ES. ittt ettt e et e et e e et e e erans 42
3. BIM PrOCESS IMAPS. ... . eiiieiiiii ettt ettt e e et e e e e e et 42
4.  BIM Information EXCHaNQeSs. .........uuiiiiiiiiiiiieecieii et ene . A3
LT =1 1Y I F g = 1S3 (U] (1 SR 43
6. Developing the BIM Project EXeCUtION PLa.........ccooiiiiiiiiiiiiiii e 44
HAPTERIGHTC GONCLUSIONS ANRECOMMENDATIONS FBRM PROJECEXECUTIORLANNING.............. 45
APPENDIA C BIM GOALWORKSHEET. .. .. eiittiietettieeeeetimeeeetteeesttiaeesstanaeesstimeeestneesestnaaeseraneesesnnns 47
APPENDIBC BIMUSEDESCRIPTIONS . ... iituieitiieitteettemteeeetaeeesteesteestaeessnamiassstaeesnneeetressnneesnnsens 48
Building (Preventative) Maintenance SChedUling...............uuuueuiiiaeriiiiiiiiiiiiiiiiiiii e 49
BUIlAING SYSIEMS ANGIYSIS.....cci ittt e e e e e e e et ettt ettt e ettt e e e e e e e e eeeeeeeeeeeees 50
ASSEE MBNAGEMIENT . ...ttt ettt ee e et e et e e e e e e e e et e et e e a e 51
Space Management and TraCKING ...........uuuuuuuuueeiiaer et eeeiiibb bbb e e e e e eeeeeeaesabbbbbbee e eeeeeeeeenes 52
DISASLEN PIANNING......iiiiiiiiiiiiiiiiiit ettt e e et ettt ettt ee et bt bbb bbb e e e e et e et e e et eeebbbbbbbban i aaeeeas 53
LRy ToTo] (o 1Y o T[] ] R PP P PP TP 54
Site ULIZation PIANNING..........ooiiiii ettt e e e e e e e e e e e e e eeeeeeeaee 55
Construction System Design (Virtual MOCKUD)........ooiiiiiii et 56
[T 1 e= VN = o] £ =i o) 5 57
3D Control and Planning (Digital LAYOQUL)...........oiiieiiieiieeeiiis et e e eeeee s e e e e e e e e e e eeeas 58
11 I @0 To] o ] 11T ] 4 TP PP 59
(0TS o | o I AN U 1 o T T 60
Engineering Analysis (Structural, Lighting, Energy, Mechanical, Qther)..................ccccoo, 61
Sustainability (LEED) EVAIULION..........ccoeiiiiiii e e e e e e e e e e snm e e e e e eeennns 62
(e To LY =11 To F= (T PP 63
[T TS o o I (A1 64
[ (0T 1= a1 1211 T R 65
LS A = 1] 1 RPN 66
Phase Planning (AR0AEIING).........uiiiiiiiiiiiei et e et e e e e e e et e e e e e et e e e e s e e e e ennan e 67
COSE ESHMEALION.....cieiii ittt eee et e e et et e e e e e e s s eee e e s s e e et e e e e e e e eeeeeeens 68
Existing ConditioNS MOGEIING ... ....couuuiiieiiiieee e e e e e e e e e e et e e e e e esteneearranaeeeeenes 69
APPENDIXCC BIM USEANALY SIBVORKSHEET. .. ..ciiiiiieiiiieeeeetimeeeesinseeeesnnsesesssnseesessmsesssnssesessnneesessad O
APPENDIO C TEMPLATIPROCESEIAPS. .....oui it eeete et ee ettt e e ettt e e e et e e e e e tmr e e e et e e e eata e eeeatanaaees 71
APPENDIEC LABEXAMPLEPROCESIIAPS. .....uuiiiiiii ettt e e etme et e e et e e e et e e e e tame e et e e e e et e e e eaanans 91
APPENDI¥C INFORMATIORXCHANGHVORKSHEET ... .. ittt ee e e et e e e et s e e e eets e e e eatmeeeeana e eaeees 99
APPENDIXGC BIM PROJECEXECUTIORLANTEMPLATE. ...t it ee et eeeetme e et e e et e e e eena e e e eenameeeeean 101
APPENDIX ¢ BIM EXECUTIORLANNINGCATEGORGUIDE.........ciiiiiieeeiieeeeettime et e et e e et e e eanmas 119
APPENDIKC BIBLIOGRAPHY, ... iiiiitieeeiit e e e e time e e et e e e eet e e e eataaeeeatmresestaaeeestanaaesstaseaesstmnaeesnnseaeees 120
APPENDIDIG (GLOSSARY. ...tuueiiiiii e ettt e et etmre e et e eeeta e e e ataaeesatum—e e et e eeetanaeeatanaeesnmeetnnaeerernnnnns 121
Business Process Mapping Notation (BPMN) Terms and Definitions:.............cuvvvieeeieiiiiiiiiieeeennnns 122
APPENDIIKCC INDEX ... cettiiiiiiii e e ettt e e eme e et e e et te e e e e et e e e e tmre e e st e e easaa e e eesanseesestmneessanesesnnnaeennan 123

Building Information Modeling Execution Planning Guide

; =1\,
©2010 The Computer Integtad Construction Research Group -/
il The Pennsylvania State Universit EXOTT
v ey P



1 CHAPTERONEZ OVERVIEW OF THEPROJECTEXECUTION
PLANNINGPROCEDURE FOBUILDING INFORMATIONMODELING

Il. Introduction to Building Information Modeling

Building Information ModelingdBIM)is a process focusean the developmentuse and transfeof a
digital information model of a building proje¢b improve the design, construcin and operations of a
project or portfolio of facilities The National Building Information Modeling Standards (NBIMS
Committee defines BIM as

oX a digital representation of physical and functional chéeaistics of a facility A BIM is a
shared knowledge resource for information about a facility forming a reliable basis for
decisions during its lifeycle; defined as existing from earliest conception to demolition. A
basic premise of BIM is collabowati by different stakeholders at different phases of the life
cycle of a facility to insert, extract, update or modify information in the BIM to support and
NEFfSOG GKS Netda 2F (KFG adl 1SK2t RSNWE

When properly implementeddIM can provide many benefite a project. The value of BIM has been
illustrated throughwell planned projects which yielihcreased design quality through effective analysis
cycles; greadr prefabrication due to predictabligeld conditions; improved field efficiency by visualizing
the planned construction schedul@creased innovation through the use of digital design applications;
and many more.At the end of the construction phase, valuable information can be used by the facility
operator for asset management, space planningd amaintenance scheduling to improve the overall
performance of the facility or a portfolio of facilitiesrd, there havealsobeen example®f projects
where the team did not effectively plan the implementation of Bdltl incurredincreasedcostsfor the
modeling services, schedule delays due to missing information, ldathel to no added value.
Implementing BIM requires detailed planning and fundamental process modificatiortheagoroject
team members to successfully achieve the value frometbailable model information.

BIM can be implemented at many phasksoughouta project, but the current technology, training, and
costs of implementation relative tadded valuemust always be considered when determining the
appropriate areasnd leves of detail neededh the information modeling processe§eams should not
focus on whether or not to use BINh genera) but instead they need to define the specific
implementation areas and use#\ team shouldaim to implement BIM at the level needed tmaximize
value while minimizing the cost and impact of the modeling implementation. This requires the team to
selectively identify appropriate areas for BIM implementation and plan these implementation areas in
detail.

3NBIMS 2007 available athttp://www.wbdg.org/pdfs/INBIMSv1_pl.pdf .
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- I2. Why Should the Project Team Devel op a BIM Project Execution Plan ?

To effectivelyintegrate BIM into the project delivery process, it is important for the team to develop a
detailed execution plan for BINmplementation A BIM Project Execution Plan (higvafter referred to

as theBIM Plaf® outlines the overall vision along with implementation details for the team to follow
throughout the project. Th&IM Planshould be developed in the early stages of a prgjeattinually
developed as additional partfgants are added to the projecgnd monitored, updated, and revised as
needed througlout the implementation phase of the projectThe plan shouldefinethe scope of BIM
implementation on the project,identify the processflow for BIM tasks define the information
exchangs between parties, andescribethe required project and company infrastructure needed to
support the implementation.

By developinga BIM Planthe project and project team membecanachievethe following value:

1. All partieswill clearly understanéind communicate thatrategicgoals for implenenting BIM on
the project

2. Organizationsvill understand their role and responsibilitie the implementation

3. The teamwill be able to design amxecutbn process which is well suited felach team
membei@business practices and typiaaiganizationalvorkflows

4. The plan will outline additional resources, training, or other competencies necessary to
successfully impiment BIM for the intended uses

5. Theplan will provide a benchmark for describing the process to futumndigipants who join the
project

6. The purchasinglivisionswill be able to define contract language to ensure that all project
participants fulfill their obligations

7. The baseline plan witlrovide a goal for measuring progress throughout the project.

BIM, likeother new technologies, can carry some level of additional process risk when implemented by
teams that are not experienced with the implementation procemsif people are not familiar with the
strategies and processes of their team membddétimately, the entire team will gain value through the
increased level of planning by reducing the unknowns in the implementation process thereby reducing
the overallrisk to all parties and the project.

I3. The BIM Project Execution Planning Procedure

This guide outlines a four step procedure to develop a detadéd Plan The procedure is designed to
steerowners, program managersnd early project participants thiagh a structured process to develop
detailed, consistenplansfor projects. This procedure was developed througmaualti-step research
process which included industry interviews with ov€rindustry experts, detailed analysis of existing
planning documaets, focus group meetings with industrparticipants process mappingesearch to
design an efficient and effective mapping structuaed case studsesearchto validate the procedure.
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The four steps, shown inigure X1, consist of identifying the apppriate BIMgoals anduses on a -
project, designing the BIM execution procesigfining the BIM deliverablesand identifying the

supporting infrastructure to successfully implement the plafhese steps are introduced in the
following sections, and thea chapterin this guideis dedicated to explaining the details related to each
step. Detailed templates have also been created to support each of these steps. These templates are
available on the project website as well #ee printed exampls includedin the Appendicesof this

guide

BIM Project Execution Planning Procedure

- Define project andifeam value
Identify dB'M Goals ¥ through the identification of BIM
RIS Goalsiand Uses;

Develop a process whichincludes
tasks supported by BIM along with
information exchanges:

Design BIM Project

Execution Process

Develop the information content,
|levellof detailland responsible
parfy foreachiexchange:

Develop Information
Exchanges

Delivery Strategy / Coniract

Define Supporting [ Definethe projectinfrasiruciore
Infrastructure for BIM grequiredifosupportithe developed

Communication Procedures

/ Technology Infrastructure Needs

Implementation BIMiprocess:

Model Quality Confrol Procedure

Figure 11: The BIMProjectExecution Planning Procedure

Identify BIM Goals and Uses

One of the most important steps in the planning process is to clearly diéfenpotential value

of BIMon the project and for project team members through defining twerall goals for BIM
implementation. These gals couldbe based orproject performanceand include itemsuch as
reducing the schedule duration, ackiag higher field productivityincreasing quality reducing

cost of change ordersyr obtaining important operational data for the facilityGoals may also
relate to advancing the capabilities of the project team members, for example, the owner may
wish to use the project as a pilot projett illustrate information exchangebetween design,
construction and operations or a design firm may seek to gain experience in the efficient use of
digital design applicationsOnce the team has definetsieasurablegoals, both from a project
perspective ad company perspective, then the specific BIM uses the projectcan be
identified.
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The guide includeswenty-five common uses for BIM which have been identified through
analysis of project case studies, interviews with industry experts,rangw of literature. A

BIM Use is a unique task or procedure on a project which can benefit from the integration of
BIM into that process. Theventy-five identified uses are not comprehensive, but provide a
good representation of the current useof BIM within tle industry. Severalxamples of BIM
Usesinclude design authang, 4D nodeling, cost estimating space managemerand record
modeling The team should identifand prioritizethe appropriateBIM Useswvhich they have
identified asbeneficial to the project The procedure for identifying BIM Goals and Uses
discussed in further dethin ChapteTwoof this guide.

Design the BIM Execution Process

Once the team has identified the BIM Useqracess mapping procedure for planningetBIM
implementationneeds to beperformed. Initially, a high level map showing the sequencing and
interaction between the primary BIM Uses on the project is develofse@ Figure -R). This
allows all team members to clearly understand how their workcpsses interact with the
processes performed by other team members.

Lavel 1: B1M Execution Planning Process
Proyect Tise

e v L : | emieemema $ 3 o ()

Information Exchanges
i

Figure 12: High Level BIM Use Map (see Chapter 3 for full size image)

After the high level map is developed, then more detailed process maps should be selected or
designed by thedam membergesponsible foreach detailed BIM Use. For example, the high
level map will show how the BIM authoring, energy modeloagtestimating, and 4D modeling

are sequenced anéhterrelated A detailed map wilthow the detailed procesthat will be
performed byan organizationor, in some caseseveral organizationsuch may be the case for

energy modeling.The procedure for designing the BIM execution prodesdiscussed in further
detail in Chapter 3 of this guide.

Building Information Modeling Execution Planning Guide
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Develop Information Exch anges 1

Once the appropriate process maps have bekveloped the information exchanges which
occur between the project participanshouldbe clearly identified. It is ingutant for the team
members,in particdar the authorand receiver foreach information exchange transaction, to
clearly understand the information contenfThis information content for the exchange can be
defined in the Iformation Exchangeable a portion of which isdisplayel as anexample in

Figure 13. The procedure for defining the information excharsge discussed in further detai
in Chapter Fouof this guide.

INFORMATION EXCHANGE WORKSHEET

Information Responsible Party
Accurate Size & Location, include A__Jarchitect
materials and object €__|Contractor
v |civil Engineer

=

B General Size & Location, include FM__|Facility Manager

MEP _|MEP Engineer

¢ Schematic She & Lncalion SE |structural Engineer
TC _ |Trade C

parameter data

Information Exchange Title Record Modeling 40 Modeling 3D Coordination Design Authoring
Time of Ezchange [SD, DD. CD. Construction) Construction co co co

Model Reciever FIr c C,TC ALL
Reciever File Format

Application & Yersion

Model Element Breakdown Info Fiesp  Additional
Party Information

A [SUBSTRUCTURE
Foundations

Standard Foundations

Special Foundations
Slab on Grade

Basement Construction
Basement Excavation
Basement Walls
B |SHELL
Superstructure

Ezterior Enclosure

| Floor Construction
| Fioof Construction

Exterior Walls
Esterior Windows
Esterior Doors.

Roofing

| Fioof Coverings
| Fioof Openings

C |INTERIORS
Interior Construction

Stairs

Partitions

Interior Doors

Fittings

Stair Construction

Figure 13: Portion of thdnformation Exchang&preadshediemplate

Define Supporting Infrastructure for BIM  Implementation

After the BIM uses for the project have been identified, the project process maps
customized, and the BIM deliverables are definltk team must developthe infrastructure
needed on the project to support the planned BIM process. This will include the definition of
the delivery structure and contract language; defining the communication procedures; defining
the technology infrastructure; and identifying quality control prdaees to ensure high quality
information models. The procedure for defining the infrastructure along with methods to
implement and track progressasscussed in further dethin Chapter 5 of thiguide
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©2010 The Computer Integtad Construction Research Group 5
The Pennsylvania State University



- I4. What Information is Included in a BIM Project Exe cution Plan ?

When complete, thd8IM Plarshould address the following categories of information:

1. BIM Project Execution Plan Overview InformationDocument the reason for creating the
Project Execution Plan.

2. Project Information: The Plan should include critical project information such as project
numbers, project location, project description, and critical schedule dates for future reference.

3. Key Project ContactsAs part of the reference information, A BIM Plan sldoinclude contact
information forkey project personnel.

4. Project Goals / BIM ObjectivesThis section should document the strategic value and specific
uses for BIM on the project as defined by the project team in the initial step of the planning
procedue. Additional information regarding thistegory is included in Chapter Two

5. Organizational Roles and Staffin One of the primary tasks is to define the coordinator(s) of
the BIM planning and execution process throughout the various stages of the project. This is
particularly important when identifying the organization(s) who will initiate the development of
the BIM Plan, as well as the required staff to successfully implement the plan.

6. BIM Process Desigrifhis section should clearly illustrate the execution process through the use
of process mapwhich are developed in the second step oé tplanning procedure. Additional
information regarding thisategory is included in Chapter Three

7. BIM Information Exchanges The model elements and level of detail required to implement
each BIMUseshould be clearly defined in the information exchangeguirements Additional
information regarding thisategory is included in Chapter Four

8. BIMand Facility Data Requirements¢t KS 2 gy SNDa NBI|jdzZANBYSyda F2NJ
and understood.

9. CollaborationProcedures:The team should develop theiregtronic andcollaboration activity
procedures. This includdise definition ofmodel managemenprocedurese.g., file structures,
and file permissions) as well gpical meetingschedules andgendas.

10. Model Quality Control ProceduresA procedure foensuring that the project participants meet
the defined requirements should be developed and monitored throughout the project.

11. Technology InfrastructurdNeeds Thehardware, software and network infrastructure required
to execute the plan should be defide

12. Model Structure: The team should discuss and document items such as model structure, file
naming structure, coordinate system, and modeling standards.

13. ProjectDeliverables The team should document deliverables required by the owner.

14. Delivery Strategy/ Contracts: This section should define the delivery strategy which will be
used on the project. The delivery strategy, e.g., debigjifd vs. desigibid-build, will impact
implementation and it will also impact the language which should be incorporattedthe
contracts to ensure successful BIM implementation.

Note: These items are discussedurther detail in Chapter 5 of this guide

Building Information Modeling Execution Planning Guide
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I5. Who Should Develop the BIM Plan? -

To develop the BIM Plan, @anning team should bassembledn the early stagesf a project This

team should consist of representatives from all the primary project team members including the owner,
designers, contractorgngineers, majospecialty contractors, facility manageand project owner It is

very important for the ower, as well asall primary team members to fully support the planning
process. For the initial goal settingneetings key decisiormakers should be represented from each of

the organizationsso that the overall goals and vision for implementation on fveject are clearly
defined for further planning initiatives. Once this initial goal setting is complete, then the detailed
implementation processes and information exchanges can be developed and implemented by the lead
BIM coordinators for each of theapties.

The lead party focoordinatingand compilinghe BIM Planshould be clearly identified. This role may
vary based on the project delivery method, the timing of Bl Plandevelopment, and the expertise

of the participants. Parties who may teahis planning initiative could include the owner, architect,
program manage or construction manager. For some projects, it may be beneficial to have an initial
party start the planning, e.g., the owner may begin the planning prior to contracting asitlitional
parties for their services, and then tledM Planmay be transitioned and completed by another party,
such as the construction manager or architect. In some circumstances, it may be beneficial to contract
with a third party to facilitate the ginning procedure if the team is inexperienced or the team finds it
beneficial to have a facilitator for the planniagtivities

I6. What Meetings are Needed to Successfully Develop the BIM Plan?

TheBIM Plarfor the project cannot be developed in isolation. No one party within the pragsoh can
adequately outline the execution plan, while also obtaining the necessary team member commitments
for successfuBIM implementation. In order to have a succesgfdject using BIM, full coordination

and collaboration by all parties is an absolute necessitiye planning team should conduct a series of
planning meeting to develop the execution plan. On most projea@sminimum oftwo or three
meetings will be neded to develop the overaBIM Plan The initial meeting will need to have key
decision makerdor all organizations. Followp meetings will require fewer people, and be more
targeted on the details related to executionA detailed outline of a seriesf four meetings for
developing theBIM Planis included in Chapter 6 of this guide and includes template agendas and
interim activities to be performed by the planning team.

7. How Does the BIM Planning Procedure Integrate With the National BIM
Standard?

The National Building Information Modeling StandardNBIMS is currently being developed by the
buildingSMART allianze apart of the National Institute for Building ScienceBhe goal of the NBIMS is
to identify and define standard information exchanges that are requiredamility projects. The BIM
PlanProcedure is designed to complement the standard exchaagairementsunder development in

Building Information Modeling Execution Planning Guide
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the NBIMSinitiative. Ultimately, the visiomwill be that a project team can seamlessly integrate the
information exchangem the NBIMS with step 3 of this execution plannprgcedure which focuses on
Information Exchang&equirements. As the information exchanges becotaedard throughout the
industry, the third step of this process could be simplified by referencing the standard exchanges,
instead of providing a custom information exchange requirement for a task.

The BIM PlanProcedure will also be submitted for potential acceptance as a standard procedure for
creating BIM Project Execution Plans for incorporation into the NBIMBe industry standardizes the
procedure for planning th BIM Excution on projects, the orgarizations can create their typical
company workflows and procedures in a format to easily integrate withBh@ PlanProcedure. This

will make it easier for teams to quickly plan the execution strategy on a project. If all organizations map
their standad processes, then the project execution planning procedure is a design task which compiles
the different work processes from the various team mendysee Figure-4). It will also make it easier

for team members including the owner to quickly and effeely understand and evaluatexecution

plans since they wible organized in a standard format with consistent information.

— I . ORGANIZATIONS
RChY \ - ’yP'CAI
W
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INTEGRATED
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INFORMATION
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Figure 14: The BIM Project Execution Plann®gncept
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2 CHAPTERTWO Z IDENTIFYINGBIM GOALSAND USES FOR A
PROJECT

The first step in developing a BIM Project Execution Plan is to identify the appropriate BIM Uses ba
on project and team goals. A current challenge and opportunity faced by thg gaject planning
team is identifyingthe mostappropriate uses for BIM on a project given the project characteristics,

LI NOAOALI yiaQ 321 a | ¢ ksk didcatibns. Kherd ard Sany differghtasks KSR S
which can benefit from the torporation of BIM Theséenefitsare documentedas BIM Uses, and this

guide includeswenty-five uses for consideration on a project (see Figw¥).2The goal of this chapter

is toprovide a methodor identifying appropriateBIM Uses for project implementation.

PLAN DESIGN CONSTRUCT OPERATE

Existing Conditions Model

Cost Estimation

Phase Planning
Programming
Site Analysis

Design Reviews

Design Authoring
Energy Analysis

Maintenance Scheduling
Building System Analysis

-Primcry BIM Uses
Secondory BIM Uses

Figure 21: BIM Useshroughout a Building Lifecycle
(organized in chronological order from planning to operation)

I 1. Defining the BIM Goals for the Project

Prior toidentifying BIM Usesthe project team should outline project goals relatadto BIM. These
project goals should be specific to the project at hamdasureableand strive to improve the successes

of the planning, design, construction and operations of the faciiime category of goals shoulelate

to generalproject performance including deicing the project schedule duration, reducing the project
cost, or increasing the overall quality of the proje&xamples of quality goailsclude the development

of a more energy efficient design through the rapid iteration of energy modeling, creatihgr quality
installed designs through detailed 3D coordination of systems, or developing more accurate record
models to improve the quality of performance modeling and commissioning.

Building Information Modeling Execution Planning Guide
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Other goals mayarget the efficiencyof specific tasks t@allow far overall time or cost savings by the
project partcipants. Thesegoals include the use of modeling applications to create design
documentation more efficientlyto develop estimates through automated takeoffs, tor reduce the
time to enter data into themaintenance system. Thesems are only suggestions of potential goals
that the project team may haverhen beginning to decide how to implement BIM on a prajelttisby

no means a&omprehensivdist and it isessentialto identify the specific goalthat will provide incentive
for implementing BIM on the project.

A hypotheticalnew Laboratory Building constructed oruaiversitycampuswill be used throughout the
following three chapters to illustrate the steps in the guidBample project goalsfrom this example
projectareshown in Table-4. Additionally, eéblank BIM Goal Worksheetin be found in Appendik

Table2.1 ¢ SampleBIM Goals foa LaboratoryBuildingProject

Priority {1-3) Goal D escription Potential BIM Uses

1-Most Important  value added objectives
2 Increase Field Productivity Design Reviews, 30 Coordination
3 Increase effectiveness of Design Design Authoring, Design Reviews, 30 Coordination
1 Accurate 30 Record Model for Fh Team Record Model, 30 Coordination
1 Increase effectiveness of Sustainable Goals Engineering Analysis, LEED Evaluation
2 Track progress during construction 4D Modeling
3 Identify concerns accosiated with phasing on campus 4D Modeling
1 Review Design progress Desigh Reviews
1 Quickly Asses cost associated with design changes Cost Estimation
2 Eliminate field corflicts 3D Coordination

It is important to understandhat somegoalsmay relate to specific useghile other goals may notFor
example, if there is a project goal to increase field labor productivity and quality through large amounts
of prefabrication, then the tearcanO 2 y & A R3D BésigrkCdordihatioh . Useawhichwill allow the

team to identify and correct potential geometric confligisor to construction On the other hand, if

0KS GSFryQa 321t ¢la G2 AYyONBlIrasS GKS adzadlAyloAfA

accomplishing that goal.

I2. Descrip tion of BIM Uses

Twentyfive BIM Uses, organized bgroject phase ofproject development, were ideifted through
numerousinterviews with industry expertsanalysis of implementation case studies, amdiew of
literature (reference Figwr 22). A onepage summary level description of each of these BIM Uses is
included in Appendix Bof this guideand is available on the BIM Execution Project webéitdhe
descriptions were developed to provide a brief overview for project team members who may not be
familiar with theBIMUse, and to provideadditional information that theproject team may find valuable

4 BIM Execution Planning Guide Website available atittp://www.engr.psu.edu/ae/cic/bimex/
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during the selection process. Eadbscription ncludes an overview of th8IM Use, potential benefits,
required team competenciesandselectedresources that can be referenced for additional information 2
about theBIM Wse. An example of a BIM Use descriptiosh®wn belowin Figure 23.

CostEstimation

Description:

A process inwhich a BIM model can offer areasonable accurate quantity take-off and cost estimate early

inthe design process and provide cost effects of additions and modifications with potential to save time

and money and avoid budget overruns. This process also allow designers to see the cost effects oftheir

changes in a timely manner which can help curb excessive budget overruns due to project modifications.

Potential Value: (improvements in project / process)

+ Precisely estimate materal quantities and generate quick revisions if needed

+  Stay within budget constraints with frequent preliminary cost estimates while the design progresses

+ Bettervisual representation of project and construction elements that need to be estimated: taken off
and priced

s Provide cost information to the owner during the early decision making phase of design

+ Focus on more value adding activities in estimating like identifying construction assemblies,
generating pricing and factoring risks then quantity take-off, which are essential for high quality
estimates

s+ Exploring different design options and concepts within the owner's budget

+  Saving estimator's time and allowing to focus on more important issues in an estimate since take-offs
can be automatically provided

» Quickly be able to determine costs of specific objects

Resources Required:

+ Model-based Estimating Software

s Design Authoring Software

+ CostData

Competencies Required:

s Ability to define specific design modeling procedures which yield accurate quantity take-off
information

Figure 22: Typical BIM Use Description
(see Appendix B for full descriptions)

I3. Begin with the End in Mind

For BIM to be implemnted successfully, it is criticdlat team members understand the future use of
the information that they are developing. For example,ewhan architect adds a wall to the
architectural model, that wall may carry informatioegardingthe material quantities, mechanical
properties, structural properties and othedata attributes. The architect needsto know if this
information will be usedin the future, and if so, he it will be used. The future use of this datan
frequently impact the methods used to develop the model, or identify quality control issues related to
the dataaccuracy fotasks relying on the information

To emphasizehe lifecycle of the information, a core concept of tB& PlanProcedure is to identify
the appropriate uses of BIM kyeginningwith the potentialend-usesof the information in the model.
To do so, the project team should first consider thater phase of a project to understandvhat
information will be valuable tchave during that phaseThen, they can movbackthrough all of the
project phases in reverse order (Operations, Construction, Design, and then Plaamingfrigure 2.
This perspectiveto WHegin with the end in min@will identify the downstream desired uses of

Building Information Modeling Execution Planning Guide
B!M ©2010 The Computer Integtad Construction Research Group

10N The Pennsylvania State University



informationwhich should be supported by earlier processes in the lifecycle of the prdgcidentifying
these downstream BIM uses firshe team can focus omdentifying reusableproject information and
importantinformation exchanges

OPERATE CONSTRUCT DESIGN PLAN

Maintenance Scheduling
Building System Analysis

Record Model
Site Utilization Planning
3D Coordination
Design Authoring
Energy Analysis
Bl rrimary BIM Uses LEED Evaluation |
[lsecondary BIM Uses Code validation |

Design Reviews
Programming

Site Analysis

Phase Planning

Cost Estimation
I Existing Conditions Modeling

Figure 23: BIM Useshroughout a Building Lifecycle
(organized in reverse chronological ordemfi project implementation)

I4. BIM Use Selection Procedure

Oncethe goals are defined, thproject team should identify the appropriate tasks that the team would
like to perform using BIM. This analysis of BIM Wéesildinitially focus on thedesiredoutcomesfor

the overall process. Therefore, theam should begin with the Operations phase, and identify the value
for each of the BIMJsesas it specifically relates tthe project by providing adigh, Medium or_ow
priority to each use The team can the progress to eaclpreceding projecphase(Cmstruction, Design
and Planning).

To help facilitate this BIM Use review process, a BIM Selectiokaheet has been devgbed. This
template includes a list of the potential BIM Uses, along with fields to review the value, responsible
party, capabilites,additionalnotes, and the decision from the team on whether to implement the BIM
Use. Please reference Figure42for an example of the BIM Ssition Worksheet on the example
Laboratory Project.
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Value to - Addttional Resources [
Capability : :
Resp Ratin: Competencies Required to
Party atng Implement

Valueto Responsible

BIM Use*

Project Party

High { Med High ¢ Scale -3 YES /MY
Low MeddLow | [1= Low) MAYEE
=4
5 %@
o T
Record Modeling HIGH Contractor MED 2 | 2| 2 |Requires training and software TES
Facility Manager | HIGH 1] 2| 1 [Requirestraining and software
DClezigner MED 3 3] 3
Cost Estimation [ IMED Contractor HIGH 21111 NO
40 Modeling [ HIGH Contractor HIGH 3] 2| 2 [Meedtraining on latest software | High value o owner dus ba TYES
Infrastructure needs phazing complications
Use For Phasing i Construction
30 Coordination [Construction] | HIGH Contractor HIGH 333 TYES
Subcontractors HIGH 1] 2| 3 [conversion to Digital Fab required | Modeling learning curve possible
Dlesigner MED 2] 3]z
Engineering Analysis [ HIGH IMEF Enginger HIGH 2122 MAYEBE
Airchitect MED 21212
Dezign Reviews [ IMED Arch L 11211 Fievigws tobe from design maodel NO
nio additioan| detail regquired
30 Coordination [Cesign] [ HIGH Architect HIGH 2| 2| & [Coordination software required Conkractor bo Facilitabe Coord. TES
IMEF Engineer MED 21201
Structural Engine|  HIGH 21211
Dlesign Autharing [ HIGH Architect HIGH 3 3] 3 TES
IWEF Engineer MED 3]0 3]3
Structural Enginel  HIGH 333
Civil Engineer LI 2 ] 1] 1 [Large learning curse Cinil not required
Programming [ IMED Flanning Phaze Complete NO
* Additional BIM Uses as well as information on each Use can be found at hitp:iivwew w . engr.psu.edu/aslcic/bimex)

Figure 24: BIM Use SelectioWorksheetExamplgPartial List¢ SeeAppendixX-¢ Information ExchangéVorksheet
for full information exchange worksheet

BIM Use Selection Worksheet Completion Procedure

To complete the BIM Use Selectiorolisheet, the team should proceed through the following
steps withkey project stakeholders(See Chapter Six for details about meeting structure.)

1. ldentify the potential BIM Uses
Definitions and explanations for each BIM Use are availaplgroject phase in Appendi® as
well as the BIM Execution Planning Websitét is important that the team considezach of
potential uses and consider their relationship with the project goals.

2. ldentify the responsibleparties for each potentiaBIM Use
For each us¢hat is being considered, at least one responsible party should be identifldw
responsible partiegcludeany team membeswho will be involved in the use if it is performed,

5BIM Execution Planning Guide Website available athttp://www.engr.psu.edu/ae/cic/bimex/
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along with potential outside participants that may be needed to assist thighmplementation.

List the lead responsible party first in the spreadsheet

3. Rate thecapabilities of each party for eacBIM use identifiedin the following categories
a. Resource3¢ Does the organization have the resources necessary to implement the BIM
Use required?Some of the gneral resoures required include:

o Personnel BIM Team
o Software

o Software Training

. Hardware

o IT support

b. Competency ¢ Does the responsible party have the dmrhow to successfully
implement the specifiIM us€® Todetermine competency, the project teashould
understand thedetails for the BIM se and how it will be carried out on the specific
project.

c. Experience Has the responsible party performed the WdeBIM in the pas? The team
expelience associated with each BIM&Jis vital to the success of implementation.

4. Identify additionalvalueand risk associated with eacluse
The team should considdne potential valuegained as wellas additional project risk thatnay
be incurred by proceeding witeach BIM Use These value and risk elements shoud
AYO2NLIR2NYGSR AyilG2z (GKS wy2GS8aQ 0O02fdzyy 2F (GKS . L

5. Determine whetheror notto implement eachBIM Us
The team should discuss each BIM Use in detail to determine whetheot the BIM Use is
appropriate for the project giveits characteristics (both project and teamYhis will require
that the team determine the potential added value or benefit to theject andthen compare
this potential benefit to the cost of implementation. The team will also need to congideaisk
elements associated with imginenting or not implementing eacparticular BIM Use. For
example, some BIM Uses can significantigue overall project risk, howevethey may shift
risk from one party to another. In other situations, the implementation of a BIM Use may
potentially add riskfor a party when theysuccessfully perform their epe of work. Once all
factors are consideredhe teamneedst 1S | WwW3a2 k y2 3I2Q RSOAaA2Y
Also understandthat as the team decides to perform several BIM Uses, others meagpme
easier to implement because th#®am members can leverage existing amhation. For
example, if the architectural design is authored in a 3D parametric modeling application, then it
is less expensive to implement 3D design coordination

6 Specific resources and competencies associated wistuccessful implementation carbe found under the description of
eachBIM Use in Appendix B or the project website
7 Specific resources and competencies associatedth successful implementation carbe found under the description of
eachBIM Use in Appendix B or the project website
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3 CHAPTERTHREEZ DESIGNING THEBIM PROJECTEXECUTION
PROCESS

Use and the implementation procesd the projectas a whole. This chapter describes a procedure to
design theBIM Project Execution ProcesEheprocess map developed in this stefiows the team to
understandthe overall BIM process, identify the information exchanged thifl be shared between
multiple parties, and clearly define the various processes to be performed for the idenBfiddUses
The use oprocess mapping technigsallows the team tceffectivelyperform this step These process
maps will also serve as the basis fadentifying other important implementation topicéncluding
contract structure, BIM deliveradlrequirements, information technology infrastructure, and selection
criteria for future team members.

After each BIMJse is identifigl, it is necessary to understand the implementation prodeseachBIM -

I 1. Mapping the Project Execution Process

Mapping the BIM Process for the project reas theproject team to first develop aroverviewmap
which shows howhe different BIM Uses will bperformed. Then, detailedIM Use Process dfpsare
developed todefine the sgcific BIM implementation aénincreasedevel of detail. To implement this
two-levelapproachBusiness Process Modelingthtion (BPMN§ has been adoptedo that consistently
formatted procesanaps will becreated by thevarious project team members.

Level 1: BIM Overview Map

TheOverview Mapshowsthe relationship of BIM Uses which will be employmdthe project
This process map alsomntainsthe high levelinformation exchanges that occuhroughout the
project lifecycle

Level 2: Detailed BIM Use Process Maps

Detailed BIM Us@rocess Mapare createdfor each identified BIM Use on the project to clearly
define the sequence of variougrocessesto be performed. Thesemaps also identify the
responsible parties forach process reference information content, and the information
exchanges which will be created and shared wither processes.

8 For more information on BPMN plea® refer to http://www.bpmn.org/
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I2. Creating a BIM Overview Map

This section details out how to create a BIM Overview Map.

1)

2)

3)

Placepotential BIM Uses inta BIMOverview Map

Once the team identifies the BIM Uses for the project (refer toBhd Use Seleitin Worksheet
from Chapter Twj the team can starthe mappingprocess by adding each of the BIM Uses as a
process within the map.It is important to understandhat a BIM Use may be added the
overview mapat several locationd it is performed at several times within the project lifecycle.

To help achieve this taskt@mplate Microsoft Visio file containingrocess magpis published at

the BIM Project ExecutioRlanning Guide Website A Microsoft Visio Stenciile is alsoposted

in the same locatiomndcan be used by the project team to easily develop the process méps
the project team members do not have Microsoft Visio, the team could use other process
mapping or graphics software to development the process majdditionally, versions of the
templates are imMA\ppendix D; Template Process Maps

ArrangeBIM Uses according to projecequencen the BIM OverviewMap

After the project team has established the Blpfocessegshat will be implemented on the
project, the team shoul sequentially order thee processes One of the purpose of the
Overview Map is to identify the phager eachBIM Usg(e.g.,Planning, Design, Construction or
Operation) and provide the team witthe implementation sequence For simplistigourposes,
the BIM Uses should be aligned with the BIM deliverables schedule

Identify the responsible paiies for each process

Responsible Parties should biearly identifiedfor eachprocess For someprocessesthis may
be an easy task, but for othglit maynot. It isimportantin all casedo consider which team
member is best suited to successfully complete the tas#ditionallysome processes may have
multiple responsible parties. Thdentified party will be responsible forclearly defining the
information required to implementhe processas well as the information produced bthe
process.

The graphical notation and information format for the processes withinBHd Overview Map

are included in Figure-B. Each process should include a processi@groject phase, and the

resporsible party 9 F OK LINP OS&aa &aKz2dz Ral Ll ghichpgir@sttoditie S | W5
detailedmap (level Twomap)for the process Thisdetailed map notatioris used since several

processes may share theame detailed map. For example, a construction management

company may perform cost estimating from the building information provided from the
designer. The&onstruction managemay perform this estimateluring the schematic design,

design development and cetruction document phase, but it maytilize the same detailed

2 BIM Execution Planning Guide Website available athttp://www.engr.psu.edu/ae/cic/bimex/
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workflow to accomplistthis task which can be represented in a single detailed majerefore,
the process for performing the three estimates would be added into the high level map at three
locations, buthe teamcouldreferencea singledetailed map for further information

Project Phase

Input Process Name Output
-
Responsible .
Party Detailed Map

Figue 3-1: Notationfor a Rocess in th®©verviewProcesdMap

4) Determine the Information Exchanges required to implement each Bisé

The BIM Overview Maipcludesthe criticalinformationexchanges which are either internal to a
particular processor shared between processes and responsible partiés. general, it is
important to include all information exchanges that will pass from one party to another. In
current applications, these exchanges are typically implemented through the transfer of a data
file, although it could also include the entry iofformation into a common databaseAll the
information exchanges identified in the BIM Overview Map should be detailedefised in
Chapter Four

The exchanges which originate from process box are exchanges which are internal to a
process Theexchanges which originate or flow into the sequence line are external exchange
which are shared between high levelopesses. For example, Figure-3 shows information
exchanges originating fromi KS Wt SNJF 2 N)Y  orécesd 2 fiRtheyllaboratg y Q  LJ
Project. These exchanges, although internal to the 3D Coordination Proctssild be

identified in the BIM Overview Magince multiple parties author the exchanged information

This ensures thathe exchangewwill be detailed using the informationxehangedefinition
procedure describeth Chapter Four
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Figure 32: Portion of the BIM Overview Map for the Laboratérgject
(see larger formatted version in Appeng)x

To illustrate the results of an overview mapping tasie BIM Overview Mayfor the Laboratory
Projectdefines the overall BIM Uses that theam has employed for the project which are
Design AuthoringEnergy AnalysigD Modeling,3D Design CoordinatiomndRecord Modeling
(referenceFigure 33). It identifies that Energy Analgsivill be performed during thechematic
design phase, wheras 4D Modeling an®@D Design Coordinatiowill be perbrmed during
design developmenand the construction document phase§he map also identifies the key
Information Exchanges that ashared between different parties.
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Figure 33: BIMOverviewMap for the Laboratory Project

I3. Creating a Detailed BIM Use Map

After creating an Overview Map, a Detailed BIM Use Process Map must be cfeategich
identified BIM Use to clearly define the sequence of the varipusessesdo be performed
within that BIM Use.It isimportant to realize that each project and company is unigeathere
may be manypotential methods that a team could use to léeve a particular process
Therefore, hese template process mapsll need to be customizelly project teams tachieve
the project andorganizationalgoals. For example, theegmplate process map may need to be
tailored tointegrate a specific computer application workflow or project team work sequence.

A Detailed BIM Use Process Map includes three categories of information avhiobpresented
on the left side of the process map and the elements are included in the ntalzbnes
ONBTSNNB R SGEX My WKS .tab YFILLWAY3I y2GFGdA2y0Y

1. Reference Information Structured informationresources (enterprise and external)
requiredto execute aBIM Use

2. ProcessA logicakequence of activities that cotiite a particular BIM Use

3. Information ExchangeTheBIM deliverables from one process which may be required
asa resource for future processes
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To create a Detailed Process Map, a tesdrauld

1) Hierarchically decompose the BIM Use into a sepofcesss

WNB OG I y3adz | NJ 62 EQ TheseVYate lacedsin @ sefugntial drderbwdihin the

The coreprocessesof the BIM Use need to be identified. These are represented by a
Process swirtane.

2) Define the dependency betwegirocesses

Next, dependencies between thgrocessesare defined. This is accomplished by defining the
connections betweerprocesses The project teamneeds toidentify the predecessor and

successor of eagbrocess In some cases it may be possible to have multpiecessors and /or
predecessorsTheseprocessesire then connectedza A y3 (G KS Wa SiljBRSIN.OS Ff 2 46 Q

3) Develop the DetailedProcess Mp with the following information

a. Reference Information Identify theinformational resources needed to accomplish the BIM
P'aS Ay (KS WwS TaBeNBampleof lefg¢rangeNdiotmatiorihclufecost
database, weather data, and product data.

b. Information ExchangesAll the exbanges (internal and external) shoudd defined i the
WL Y F2NYI {Alang THede &dcHanfes @ ther detailed out in Chapter Four

c. Responsible Partyldentifies the responsible party for each processgure 34 displays
how to represent this information in the process map.

4) Add GoalVerification Gateways at importahdecision points in the process

A gateway can be used to ensure that the deliverables or results of a process arét cild
alsomodify the process path based on a decisidBateways provide thepportunity for the
project team to represent any decisions, iterations or quality control checks required before the
completion ofa BIM task. Figure-8 demonstrateshow this can be accomplished withan
Detailed BIM Process MdpeveliTwo Map)

No

Activity 1 Activity 2 Yes Activity 3 .

Responsible Party A Responsible Party B Responsible Party B
If Goals Met?

Figure 24: Example Goal Verification Gateway
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5) Document, review and reffie this process for further use

This Detailed Process Map can be further used for other projects by the project teahould

be saved and reviewed at various times throughout tB&M Implementation process

Throughout the project, detailed process maps should be updated periodically to reflect t-
actual workflows implemented on the projectAdditionally, after the project is completed, it

may be helpful to review the process psmto compare the actual process used versus the

planned process It is likely that the detailed process maps can be used on future projects

Please reference Figure53for an example of a Detailed BIM Use Process Map.
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Figure3-5: Detailed BIM Use Bcess Map for @ Modelingfor the LaboratonProject
(see Appendikfor larger scale map)
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|4. Symbols Used for Process Map Representation

For BIM Execution, the preferred notation for process mapping development is the Business Process

Modeling Notation (BPMN) developed by the Object Management Gfo@ne of the key elements of
the BPMN is the visual appearance of the process map in terms of the symbols and markeBhesed

shouldconformto the shapes defined in BPMN specification.

To develop a Process Map for the BIM Plan, the following symimysbeused™

Table3-1: Process Mapping Notation for BIM Process Maps

Element Description Notation
Event An Event isin occurrencen the course of a business procesBiree
types of Eventsexist based on when they affect the flow: Sta Q

Intermediate, and End.
Process A Processis represented by a rectangle and is a generic term
work or activitythat entity performs.

Gateway A Gateway is used to control the divergence and convergenc
Sequence Flow. A Gateway calso be seen as equivalent to
decision in conventional flowcharting.

Sequence Flow A Sequence Flow is used to show the ordpredecessors ant

successorghat activities will be performed in a Process. -
Association An Association is used t@e information and processesvith Data
Objects. An arrowhead on the Association indicates a directior - ———____
flow, when appropriate.
Pool A Pool acts as a graphical container for partitioning a set of activ| s
from other Pools. >
Lane A Lane is a supartition within a Pool and will extend the entir i

!

length of the Pool either vertically or horizontallyLanes are use T
to organize and categorize activities.

Data Object A Data Objectis a mechanism to show how data is required
produced by activitiesThey are connected tthe activities through
Associations.

Group A group represents a category of informatiomhis type of grouping
does not affect the Sequence Flow of the actigtithin the group. | i
The category name appears on the diagram as the group I | I
Groupscan be used for documentation or analysis purposes

19 For more information, please refer to http://www.omg.org/
™ For more information, please refer to http://wwlwpmn.org/
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4 CHAPTERFOURZ DEVELOPINGINFORMATIONEXCHANGE

The goabf this chapter is to present a methddr defininginformation exchange@dentified in Chapter

Thred between projectprocesseghat are crucial to successfBIM implementation To define these

exchanges, the teameeds tounderstand what information is nessay to delivereach BIM We. To

assist in this taskan Information Exchang€¢lE)Worksheetwas designed The Information Exchange
Worksheetshould be completed in the early stages of a projatter designing and mapping the BIM

process A blanklEWorksheet is available in AppendiafRdthe procedure for filling out the wdtsheet

is described in Section Two of this chapter

I 1. Pulling the Informati on Through the Project

BEvery element ofa project does not need to be included farmodel to be valude. Therefore, it is
important to only define the model components that areaessary to implement eadMUse Hgure
4-1 depictsan example ohow information flows through a BIM implementation process.

Jn Design INFORMATION | | 1y Record
B . . .
1 Coordination T o Ed Modeling
- INFG RMATIC?N RP-Contractor EXCHANGE | | rp-FacilityManager
A Design ; [ !
Authoring EXCHANGE
RP- Arch | o c Energy =
i L | -1 .
! Modeling
RP —MEF Engineer
il

| m c Additional
c _ 4 Additional
e - Information

Figure 41: Pulling the Information through the Project

This figure was derived from the Lev®he process map described in &fter Three Note that
downstream BIM Uses are directly affected by what is producethdyipstream Use.Looking at this
example from the perspective of a pdtiven approach if the model information required to
implement a particular BIM Use is not authored dy upstream team member, then the information
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needed must be created by the responsible party of that Use. Therefore, it is up to the project team to
decide who should be authoring this information and when this information needs to bedpiat®the

BIM. Forsimplicity purposes, it is only necessary that the team define one information exchange
requirement for each BIM Use; although, there may be several exchanges that take place. These
exchanges suld be clarified in the Level Tvipoocess maps depietl in ChapteiThree

I2. Information Exchange Worksheet

After process map development, information exchanges between project participantsclasgly
identified. It is important for the team members anid particular the author and receiverof each
information exchange transaction tdearly understandthe information content. The procedure for
creating the information exchange requirements is detailed below:

1) Identify each potential information exchange from the Level 1 ProckEp
Information Exchanges that are shared between two parties should be defined. One BIM Use
may have multiple exchanges; however simplify the processynly one exchange is necessary
to documenteach Use Also, the time of exchange should be dedvirom the Level On®Map.
This ensures that the involved parties know when the BIM deliverables are expected to be
O2YLX SGSR Ff2y3a GKS LINRP2SOiQa aOKSRdzZ So ¢ KS
project specific contract language (Chapfare). When possible, the BIM Use exchanges should
be listed in chronological order to give a visual representation of the progression of the model
requirement.

2) Choose a Model Element Breakdown structure for the project
After the project team has establist the Information Exchang€ke) the teamshould selecan
element breakdown structurdfor the project. Currently, thelE Worksheet uses the CSI
Uniformat Il structure; however other options are available on the BlMcéon project
website.

3) Identify the Information Requirements for each Exchan@@utput & Input)

To define eaclinformation exchange, the following information should be documented:

a. Model Receiverc Identify all project team membes that will be receiving the information
to perform afuture BIM Use. These parties are responsible for filling out the Input
Exchanges. Output exchanges will not have a model receiver, and should be filled out by the
project team, initiated by the Architect.

b. Model File Type List the specific softwarapplication(s), as well asthe version that will be
used to manipulate the model during each BIM Usethe receiver This is pertinent in
order to identify any interoperability that may exist between exchanges.

c. Information ¢ ldentify only the information acessary forthe BIM Use immmentation
Currently, the IBVorksheetusesa three tier level of dethstructure, shown in Table-Z
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Table 41: Information Level of Detail

Information
A Accurate Size & Location, include
materials and object parameters
8 General Size & Location, include

parameter data
C Schematic Size & Location
d. Notes ¢ Not all necessary requirements for model content may be coveredthey
information and element breakdowstructure, andif more descuption is neededit should

be addedas anote. Notes can be spedif to certain modeling contenand/or depict a
modeling technique.

4) Assign Responsible Parties to Author the InformatioagRired
Each line item in an Information Exchange should have a party who is responsilghionng
the information The responsibility for creating the information should lie with the party that
can produce with the highest level of efficiencpdditionally,the time of input should be when
it is needed by the model receivebased on thdevel 1 process mapThe worksheet can be
sorted according to responsible party to determine ones scope for each BIM deliveaie
4-2 below is a listf potential responsible parties

Table4-2: List of Potential Responsible Parties

Responsible Party

ARCH |Architect

CON |Contractor

CE |Civil Engineer

FM  |Facility Manager
MEP |MEP Engineer

SE  |Structural Engineer

TC |Trade Contractors
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5) Compare Input versus Output Content
Once the mformation requirements are defined, it is necessary for the project team to discuss
the specificelements where the Output information (Authored) does not efatthe Input
information (requested) The example ifrigure4-2 depictsan inconsistency betweea Design
Authoring Output Model and an Energy Analysigut Model. When this occurstwo potental
remedial actions need to take place:
1. Output Information Exchange Requirememevisethe information to a higher level
of accuracy and/or include additional information (e.g. ad¥dRe to Exterior
Walls); OR
2. Input Information Exchange Requiremegtevise the responsible party so tha
information is authored by the organization performing the BIM Use.

Information Responsible Party

Accurate Size & Location, include ARCH |Architect A Addi'il:lﬂﬂl
materials and object parameters CON_|Contractor = + +
CE _ |Civil Engineer &
General Size & Location, include . = Dl“p“t I"f’l;' i aticn
B FM  |Facility Manager

ter dat
I MEP_|MEP Engineer

b=

c Schematic Size & Location ESEN St [EE neey
TC [Trade Contractors A OUTPUT . Q L b t / Q L b t
Information Exchange Title Design Authoring 30 Coordination Energy Analysis
OUTPUT INFUT INFUT

Time of Ezchange [SD. DD, CD. Construction) oo oo

Model Reciever is C.TC IMEF
Heciever File Format

Application & ¥Yersion

Model Element Breakdown

| Superstructure
Floor Construction B A E £ E £
Foof Construction E A E £ E £

|E=teriur Enclosure
Exterior 'walls E A £ A E A H Walue
Exterior Windows E L) E A A A Rvalue
Exterior Doors B A [ A

|Fluoling
Foof Cowverings B A
Fioof Openings E A & & E &

[e [inTERIORS

Interior Construction
Fartitions E A E A E A
Inkerior Doars [ A
Fitting=s E A E B, B,

|Stairs
| Stair Construction B A E A E A
| Stair Finishes

|Intelim Finishes
‘Wall Finishes E A Reflectance
Floor Finishes B A Feflectance
Ceiling Finishes E A Fieflectance

[D_[sERYICES

Hgure 42: Information Exchange Workshdetample

Output Inadequacy (Revise InformatiddR

[ d
[ d

Input Inadequacy (Revise Responsible Party)
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5 CHAPTERFIVE 7 DEFINESUPPORTINGINFRASTRUCTURE FOBIM
IMPLEMENTATION

The final step in thdour-part BIM Project Execution PlanningoBedure is to identify and define the
project infrastructurerequired to effectively implemenBIM as planned Fourteenspecific categories
support the BIM project execution process. These categorss displayed irFigure 51, were
developed after analyzing thédocumentslisted below?, reviewing current execution plapsliscussing
the issuewith industry expertand revised througlextensive review by various industry organizations

BIM Project Execution Plan
Categories

BIM Project Execution Plan
Overview

Project Information
KeyProject Contacts
Project Goals / BIM Uses
Organizational Roles / Staffing
BIM Process Design
BIM Information Exchanges
BIM and Facility Data Requireme
Collaboration Procedures
Quality Control
Technological Infrastructure Nee
Model Structure
Project Deliverables
Delivery Strategy / Contract

| KeyProject Contacts |
|__Organizational Roles / Staffing |
| BIMProcess Design |
| BIM and Facility Data Requiremer,
| Collaboration Procedures |
| QualityControl |
| Model Structure |
| Project Deliverables |
|___Delivery Strategy / Contract _|

Figure 51: BIMProject Execution Plabategories

This chapter describes eadategory of the BIM Project Execution Rldnformation for each category

can vary significantly by projectherefore the goal of the description is to initiate discussion and
address content areas and decisions which need to be made by the project teéaiditionally a
template BIM Project Execution Pl&ias been developed and is available on the project websited
referenced inAppendix G¢ BIM ProjectExecution PlaiTemplate Please note that the information
contained in the template will have to be customized based on the project. Additional information may
be necessary, while other information could be remdve

12The AIABIM Protocol Exhibit, theConsensusDOCBIM Addendum, the United States Army Corps of Engineers (USACE)
BIM Roadmapand the Autodesk Communication Specificationslefine processes, standards and/or contract languager
BIM execution on projects. The contents of these documents were compiled and organized to determine key aspects of
BIM implementation both on a project and within an organization. The content categoriesf these implementation
documentsare containedin Appendix G ofthis document, along with their relation to the BIMProject Execution Planning
categoriesdefined in this guide.

13 www.engr.psu.edu/BIM
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I 1. BIM Project Execution Plan Overview

It is important for the project team to understand the reason that a BIM Project Execution Plan was
created. This section should include information such as a BIM mission statement and other executive
summarylevelinformation. This section should be used to establish the importance of the plan.

I2. Project Information

When developing the Project Execution Plamg team should review andocumentcritical project
information that may be valuable for the BIM teafor future reference. This section includekasic
Project information that may be valuable for current and future. It baused to help introdue new
members to the project as well as help others reviewing the plan understand the project. This section
may include items such as project owner, project name, project location and address, contract type /
delivery method, brief project description, project number(s) ahe project schedule / phases /
milestones. See figure 8 for example project informatioritems. Any additional general project
information can and should be included in this section. Additional project information irciudgue
project characteristicsproject budget, project requirements, contract status, funding status, and unique
project requirements, etc.

BIM Project Execution Plan
Categories

Project Owner

Project Name

ProjectSchedule / Phases / Milestones

Figure 52: Diagram of Critical Project Overview Information

I3. Key Project Contacts

At least one representative from eadatakeholderinvolved should be identifiedncluding theowner,
designes, consultants, prime contractors, subcontractors, manufactureaad suppliers These
representativescould includepersonnelsuch as Project Managers, BIM Managers, Discipline Leads,
Superintendents and other major projecbles. All stakeholderQcontact information shold be
collected, exchanged, anghen convenient, postedn a shared collaborative project management
web-portal.
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I4. Project BIM Goals / BIM Uses

The BIM Project Execution Plan should document the previouss steghe BIM project execution
planning process. It is valuable ftwetteamto document the underlying purpose famplementing BIM
on the projectas well as explain why key Blbde decisions were madéhe plan should include a clear
list of the BIM gals, the BIMUse Analysis Workshegets well as specific informan on the BIM Wes
selected. The procedure tdentify appropriateBIM Uses for a project isutlinedin detailin Chapter 2:
Identifying BIMGoals and BINUses

|5. Organizational Roles and Staffing

The rolesin each organization and their specific responsibilitiesst be defined. For each BIMsé&J

selected, the team must identify which organizatigywill staff and perform that use. This incligthe

number of pesonnel by job titlenecessary to complete the BIM Udbe estimated worker hours, the

primary location that will complete thdJse and the Lead organizational contact for that Use.
Dependingong KA OK LIKFaS 2F | LINE 2 S O @éral itethstiriisséxtioSmay K A a4  LJ
be challenging to completelike the rest of the Plams much as possible should be completed and the
remaining should be completed as the information becomes available

I6. BIM Process Design

The process maps created faaah selected BIM Use in step two of the BIM Project Execution Planning
Process should be documented in the Plaihese process mapprovide a detailed plan for
implementation of each BINUse They also define the specific information exchanges for each activity,
building the foundation for the entire execution plaffhe plan should inctle the overview map of the
BIM Wkes, a dwiled map of each BIM 44, and a description of elements on eaclapm For further

explanationof the steps to create process mapsease refer tadChapter 3: Designing the BIRtoject
Execution Process.

I7. BIM Information Exchanges

The team should document the information exchanges created as part of the planning prodhss i
BIM Project Execution Plan. The information exchanges will illugtratsmodel elements by discipline,
level of detail, and any specific attributes important to the projethe project models do not need to
include every element of the projectubit is important for the team to define the model components
and dscipline specific deliverablde maximize value and limit unnecessary modeling on the project.
For further explanationof the steps to create information exchangeglease refer toChaper 4:
Developing Information Exchanges
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I8. BIM and Facility Data Requirements

Some project owners have very specific BIM requirements. It is important for the plan to document the
BIM requirements in the native format from tlevner. This way the team eware of the requirements
and can plan accordingly to deliver those requirements.

|9. Cdlaboration Procedures

5 The team must develop their electronic amativity collaboration procedures. This includes model
management €.g, model checkout, revision procedures,etc.), and standard meeting actions and
agendas.

Collab oration Strategy

The team should documeritow the project team will collaboraten general When planning,
consideritems such as communication methods, document management and transfer, and
record storage, etc.

Collaboration Activity Procedures

Specificollaboration activitieshould be defined, which may include:

Identify all collaborative activities that suppoot are supported by BIM
Determine which project stage or phase that activity will take place
Determine the appropriate frequency for that activity

Determine the participants necessary to conduct that activity properly
Determine the location for that actityi to take place

aprwNPRE

Model Delivery Schedule of Information Exchange for Submission and Approval

Determine the schedule for information exchange between parties. Information exchanges
should be analyzed in earlier steps; however it is helpful to documenmnhth# in one place
Information that should be considered includes:

Information Exchange Name ( should be drawn from step 3 of the planning process)
Information Exchange Sender

Information Exchange Receiver

OneTime or Frequency (is this a ometime or periodic exchange If periodic, how
often?)

Start and due dates

Model file Type

Software used to create file

Native file type

File exchange types (receiver file type)

PONPE

© N O
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Interactive Workspace

The project team should consider the physical environment itnedld throughout the lifecycle

of the project to accommodate the necessary collaboration, communication, and reviews that
will improve the BIM Plan decision making proce$3escribe how the project team will be
located / 2y & A RS NJ lj dzS & (i dam WeicollbcatddBIf sa, whefe is thé Ikctioriiand
what will be in that spac2 Will there be a BIM Trail@rIf yes, where will it be located and what
will be in the space such as computers, projectors, tables, table configupatioolude any
necessay information about workspaces on the project.

Electronic Communication Procedures

Establish sommunication protocolwith all project team members.Electronic communication
with stakeholders can be created, uploaded, sent out and archived thr@ugbllatorative
project management systemSave opies d all project related communicatiofor safekeeping
and future reference. Document management (file folder structure, permissions and access,
folder maintenance, folder notificationgnd file naming conveion) should also be resolved
and defined.

I 10. Quality Control

Project teams should determine and document their overall strategy for quality control of the model
Toensuremodel quality in every project phasad before information exchangeproceduresnust be
defined and implemented Each BlMcreated duringlifecycle of the projectmust be preplanned
considering model content, level of detdibymat and partyresponsiblgfor updates;and distribution of

the model and data to various parties Each pay contributing to the BIM model should have a
responsible person tooordinate the model This personas part of the BIMeam, shouldparticipate in

all major BIM activities as required by the teamhey should be responsible faddressingssues tha
might arise with keeping the modahd dataupdated,accurate and comprehensive

Quiality control of deliverables must to be accomplished at eajor BIM activity such adesign
reviews, coordination meetingor milestones. The standard of data qualishould be establigid in the
planning process and agreed upon by the team. Standards sublE@sCADD and National Building
Information Model Standardmay be appropriate for the team to considelf a deliverable does not
meet thei S | ¥tdddards, the reason why the deliverable is lacking shouliditteer investigated and
prevented in the future The deliverable needs to comply wistandards required by the owner and
agreed upon by the project team.

Quality Control Checks

Each projet team member should be responsible fugrforming quality control checks of their
design, dataset and model properties before submitting their deliverablBecumentation
confirming thata quality check was performed can be part of each submittal or i@{ddrt. The
BIM Manager should be theneto confirm quality of the model after the revisions were made
Thefollowing quality control checks should beonsideredwhen determining a plan for quality
control:
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e Visual CheckEnsure there are no unintendedodel components and the design intent
has been followed by using navigation software

¢ Interference CheckDetect problems in the model where two building components are
clashing by a Conflict Detection software

e Standards Checlgnsurethat the model is tahe standards agreed upon by the team.

¢ Element Validation:Ensure that the dataset has no undefined or incorrectly defined
elements

Each party should designate a responsible partgntike sure that theagreed upon proces®r

qualty control of models anddata has been followed before accepting submittals and model
revisions.

Ill. Technology Infrastructure Needs

The team should dermine the requirements foardware, softwareplatforms software licenses,
networks, and modeling conterfior the project.

Software

Teams and organizations need to dehine which software platforms and version of that
software is necessary to perform the BIM Uses that were selected during the planning process.
It is important to agree upon a software platform garih the project to help remedy possible
interoperability issues. File formats for information transfer should have already been agreed
upon during the information exchange planning step. Additionally, the team should agree upon
a process for changing oipgrading software platforms and versions, so that a party does not
create an issue where a model is no longer interoperable with other parties.

Computers / Hardware

Understandhg hardware specificatiombecomes valuable once information begins to be shared
between several disciplines or organizationft also becomes valuable to ensure that the
downstream hardware is not less powerful than the hardware used to create the information.
In order to ensurehat this does not happen, choose the hardware that is in the highest demand
and most appropriate for the majority of BIM Uses.

Modeling Content and Reference Information

The projectand reference information, such as Modeling families, workspacesdatabases,
must be consideretb ensure that the project parties will use consistent standards.

|12. Model Structure

The team must identify the methods to ensure model accuracy and comprehensivekféssagreeing
on collaboration procedures and technologinfrastructure needs, theplanningteam should reach
consensus on how the model is created, organized, communicated and contrdlteds to consider
include:
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e Defining afile naming structure for all desigrs, contractor, subcontractors, and other prdgjec
members

e Describing and diagram how the models will be separated (e.g. by building, by floors, by zones,
by areas, and/or by disciplines)

e Describing the measurement system (imperial or metric) and coordinate system (geo
referenced / origin point) to be sl to allow for easier model integration.

e |dentifying and agreeing uporitems such as the BIMnd CAD standards, content reference
information, and the version of IFC, etc.

I 13. Project Deliverables

The project team should consider what deliverables are required by the project owwéth the
deliverable project phase, due date format and any other specific information about the deliverable
should be considered.

I14. Delivery Strategy / Contract

When impémenting BIM on a project, attention should be paid to the delivery method and contraction
methods before the project begins. Ideally a more integrated approach such as -tedidror
Integrated Project Delivery (IPD) would be used. While it usuallysyilke best results for the project,

an integrated approach is natlwayspossible on all projest This could be because of a number of
reasons. Additionally the contract type and delivery method may have already been selected before
BIM planning takeplace. If this is the case the team needs to consider future subcontractors and
consultants and also consider what steps are necessary to ensure successful BIM imgtiem et
matter what the delivery method. BIM can be implemented successfully wathatelivery methods.

Definition of Project Delivery Approach

If the project contract typeor delivery method have not yet beestetermine, itis important to
consider how they will affect the implementation of BIM on the project. All delivery methods
can benefit from the use of BIM; howevearore concepts are more easily implemedtwith
higher levels of integration the project delivery process. When planning the impact of BIM on
the delivery approach, thplanningteam should consider the four main dsions:

e Organizational Structurand TypicaDelivery Method
e Procurement Method

e PaymentMethod

e Work Breakdown Structure

ConsideBIM requirements when selectirthe delivery approach and when draftingpntracts.
Integrated Project DeliveryRD and DesigBuildare highly collaborative delivery methotsat
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facilitate information sharing based on the risk and reward strucfii@nd gveral new contract
forms were recently released to address BIM, delivery structure anttacting™.

If you do not plan to use IPD or Desi#uild on a projector the delivery method has already

been selectedBIM can stilsuccessfullype implemented with other delivery structuresych as
DesignBid-Build or CM at RiskWhen using a less integrated delivery structure, it is important

to work through an initial BIM Execution Process and then assign roles and responsibilities in the
contract structure. It is also important that there is bdy from all the team members sbat all

parts can have as much success as possible. Withodindugm all members, it will decrease

the quality of the BIM product, lead to added work by other project members and could result,
at worst, in unsuccessful implementation of BIM on thatjpob.

Team Selection Procedure

The planning team needs to consider the criteria and procedure for the selection of future
LINE2SOG GSIY YSYOSNE olFlaSR 2y GKSANI 2NBFYAT I GA
team needs to review the competensidor each BIM Use selected during the planning process.

After the required competencies are determined, project teams should require the new project
members to display that they have those competencies through examples of prior work or
demonstrations. It is critical that all team members have the ability to perform their BIM
responsibilities.

BIM Contractual Language

Integrating BIM on a projechot only improves particular processes, baiso increase the

degree ofproject collaboration Collaborationis of particular importancevhen the contract

affectsthe degree of change in the project delivery processl provides some control over

potential liability issue§. The owner and team members should pay carefiention to the
drafting of BIM contractial requirements sincethey A f £ I dzA RS G KS LI NI A OA LJ vy

14 Please refer to the following documents for more information on IPD and DesigBuild: AIA IPD Agreements: C196

2008, C1972008; AlA Integrated Project Delivery Guide (IPDG); AIA Design Build (DB) Agreements: AL008, C441

2008. DBIA, ConsensusDOCS, d&niDC documents also include information beyond the scope of this project.

15 More information and samples of the AIA and ConsensusDOC8ocuments can be found at
www.aiacontractdocuments.organd www.consensusdocs.org

16, AOOITh $8!8h AT A +81!8 il AAl jcmnmyQgs Ol OAOET ¢ OEA " OA(
William Mitchell Law Review, Volume 34.
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The following areas should be considered and included in contracts where applicable:

¢ Model development andasponsibilitief parties involved (Chapter Four)
e Model sharing and/odel reliability

e Interoperability / file format

e Model management

e Intellectual property rights

e Requirement for BIM Project Execution Planning

items mentioned. There are sveral contract addendums or modified contract forrtieat
addressBIM implementation on a project (see belbjv A writtenBIM ProjectExecution Plan
should be specifically referenceshd requiredwithin the devéoped contracts for the projectos
that team members participate in the planning and implementation process.

Standardcontractsmaybe used on BIM projectbut edit the contentsto include thenecessary

BIM requirements should also be incorporated into consultasybontractor and vendor
agreements. Foexample, the team mayequire each sulontractor to model thescope of
work for 3D design coordinatigror they may wish to receive models and data from thedars
for incorporation intothe coordination or record models.Modeling initiatives requiredby
consultants subcontractorsand vendors mushe clearly dahed within the contracts including
the scope, schedule for delivery of the model, and file / data foemaBy having the BIM
requirements in the contracteam members are legally requirdd complete implementation
as planned. If BIM was not writtentincontracts additional stepsare requiredto ensure that
the BIM Plan is followed by aliojectparticipants

17 Several contract addedums or modified contract forms address BIM implementation on a project: AIB202-2008: BIM
Protocol Exhibit. This document addresses the development of a model throughout a project; AIA EZTI07 Document:
Digital Data Protocol Exhibit; ConsesusDOCS01 BIM Addendum. This document addresses the risk management of a
BIM design process; AIA C198008, C1972008: IPDAgreements.
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6 CHAPTERSIX 7 IMPLEMENTING THEBIM PROJECTEXECUTION
PLANNINGPROCEDURE

The development of thg8IM Planis a collaborative process. Some portions of the procedure, e.g.,
discussing the overall projegoals, arecollaborative task while other portions, e.g defining the
required file structure or a detailed informatie@xchangedo not necessarily require collaboration. The
key to successfully developing the plan is to ensure thaetingsare scheduled for the collaborative
tasks when neededand that the norcollaborative tasks are completed in a timely manner, in
preparaion for these meetings. The BIM Plancan be developed through a series of collaborative
meetings, followed by work tasks which take place between the meetings. A series of four megéng ha
been defined to develop thBIM Plan The goal of presenting this four meeting series is to illustrate on

structure that the team can use to effectively develop the plan. For some projects, the team may 6
able to reduce the number of meetings through effective collaboration between mgeti

I 1. Meeting Structure for Developing a BIM Project Execution Plan

The four meetings proposed to develop tiB#M Project Execution Plaare closely aligned with th
primary steps outlined ihapter One The meetings ahinterim tasks include

Meeting 1: Identify BIM Goals and Uses

The first meeting should focus dhe discussiorof the overall goals for implementinBIM,
along with identifying the BIM Uses. A draft agenda for this meeting would iclud

Introduceand Discuss BIM Experiences (both individual and organizational)

Develop BIM goals (reference BIM Goal template document)

Identify whichBIM Uses to pursue (referentiee BIM Uses worksheet)

Develop the frequency and sequencing for the BIMds®d identify a responsible party

to develop the high level (Level Ori®M Overviewprocess map

5. Identify the responsible parties to develop detaild®®lM Useprocessmaps, e.g.the
level two maps

6. Organize the schedule for future meetings

7. Agree orthe tasks ahead and who is responsible for each

HpPwbdre

This meeting Isould be attended by senior managemeargrsonneland BIM management staff
for all involved participants including the owner, designers, contractors and key subcontractors.
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Tasks Prior to Meeting 2

After the initial kickoff meeting, the organizations should clearly understand who will be
responsible for the definethsks, and in what sequences the BIM Uadbe executed. The
responsible party for the Level Ongap should cleayl documentand distribute it to the project
team for review prior to the following meetingEach responsible party for the specifiBti
Uses should also draft their workflow prior to thBesignBIM Project ExecutiofProcess meeting
(Meeting 2)

Meeting 2: Design BIM Project Execution Process

The Project SpecifiBIM UseProcess Maps shall contain a detailed process plan that clearly
defines the different activities to be performed, who will perform them, and what information
will be created and shared thifuture processesThe agenda for this meeting will include:

1. Review the initiaBIM Gals and Wes

2. Review thenhigh level BIMDverviewProcess Map

3. Reviewthe more detailed workflows from the various parties and identify areas of
overlap or gaps betwen the varous modeling tasks

4. Review the proces® address opportunities and conaey

Identify the primary information exchanges within the process

6. Identify responsible partiefor coordinating eachinformation exchangeincludingthe
author and user of each exchange

7. Allow subteams for each information exchange to coordinate potential interim
meetings as needed to discuss théommation exchange requirements

8. Agree ornthe tasks ahead and who is responsible for each

o

This meeting shoulde attended by the owner, BIM managers and proje@nagerfor the
project It may also be valuable to have contracting managers in attendance or have them
briefed soon after this meeting.

Tasks Prior t o Meeting 3

After the DesigrBIM Project Executiofrocess meeting, the teammustfocus on developing the
information exchange. Each responsible party for an exchange should take the lead in
developing theinformation exchangs. The authors of the informatioaxchangewill need to
coordinate with the infomation receivers to ensure that they have developednsistent
information exchangg with minimalinconsistencies to discuss at Meetiriy de.

The team members should also prepare for the discussions regarding infrastructure
requiremens which will occuin Meeting Three Team members should compile exansibé
typical methods that they have used or wish to use on the project to share with the team.
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Meeting 3: Develop Information Exchange s and Define Supporting Infrastructure for
BIM Implementation

The @enda for this meeting will include:

1. Review the initiaBIM Gals andBIM Uses to ensure that the project planning remains
consistent with the initial goals
2. Review the information exchange requirements developed by the team members
between Meeting Two antfleeting Three
3. Identify the infrastructure needed to support thegmess and information ekhanges as
defined in Chapter Five
4. Agree on tasks ahead and who is responsible for each
This meeting should be attended by the BIM managels.may also be valuabléo have E
contracting managers in attendance or briefed soon after this meeting.

Tasks Prior to Meeting 4

The categories and information should be compiled into the final BiduEonPlan format and
distributed to the project team in preparation for thenfil plan review meeting.

Meeting 4: Review Final BIM Project Execution Plan

The agenda for this meeting will include:

1. Review the draft BINProjectExecutiorPlan

2. Develop the project controls system to ensure that the plan is being followedl tfzat
the plan is up to date

3. Outline the procedure for formal adoption of the BIM Project Execution Plan and
monitoring process

4. Agree on tasks ahead and who is responsible for each

This meeting should be attended ke owner, BIM managers, andll parties that are
responsible fothe identifiedBIM Uses.

Tasks after Meeting 4

Once the meetings are complete, the BIM Project Execution Plan should be distribuadld to
parties and approved as appropriate for the project and contracting structure. Team members
shouldensure that the plan monitoring and updating procedws@iplemented into the project
controls system.
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I2. Planning Meeting Schedule

One of the first tasks of the team is to determine the planning meeting schedule. This schedule should
identify the definedmeetings, along with the scheduled dates for the meetifidne team may decide

that they wish to spread the planning procedure across several weeks with one of the defined meeting
each week or every other week. But they also may wish to define an eateglglanning schedule over
several days with the team specifically focused on the development of the plan.

I3. Monitoring Progress against the BIM Execution Plan

and pdated throughout the project. In particular, tiHerojectExecutionPlan should be embedded into
appropriate contracts, and then updated as needed when new team members join the project fgam.

a minimum, it is valuable for thBIM managers from the various team members to meet on a monthly
basis to discuss the progress of the information modeling initiatives on the project and to address any
implementation challenges that team members may be encountering. These meetings may be
incorporated with other team meetings, but it is important to specifically address issues that may aris
in the implementationof the plan. It is importantfor the teamto continuouslymodify the planned
process as neededue to the addition of team membersevisions to available technology, changes to
the overall project conditionsand to reflect the actual process that evolvedhe team should agree to

a formal plan for accepting updates to the plan, and then accurately document any changes to the
original plan for communication to other team members, as well as for accurate future use and
reference

m Once the initial BIM Execution Plan is created, it will need to be continuously communiceteidored
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CHAPTERSEVENZ BIM PROJECTEXECUTIONPLANNING FOR
ORGANIZATIONS

As stated in the introduction, BIM Plans require typical methods developed by each organization
involved. The purpose of this chapter is to define how organizationsig@iie BIM Project Execution
Planning procedure to develop these typical methods for Bidject implementation. Figure 7.1
revisits the BIMplanningconcept to show hoverganizationameans and methods play a vital role in the
implementation process To olain the greatest benefit from BIM, the organizations must be willing to
develop andshare this information with the project team.
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Figure 71. The BIM Project Execution Planning Concept

Organizations should develop internal standamisfining how they intend to use BIM an an
organizational level By completing the planning process as an organization prior to the BIMoRlam
individualproject, each stakeholder will have a starting point for planning and be able to modify existing
organizatioral standards rather than creatingntirely new processes Additionally, hese standardsan

be shared within the organization to help communicégpical means and methods Usinga similar
four-step procedurewith minor modifications organizations caanreate BIM Project Execution Planning
standardg€o be usedon future projects.

Building Information Modeling Execution Planning Guide

©2010 The Computer Integtad Construction Research Group

The Pennsylvania State University



Il. BIM Mission Statement and Goals

The organization should establish a BIM mission statement. When creating the mission statement
consider whyBIM isimportant to the organization andhe reasons forusng BIM such againing a
competitive advantageon proposals increasing productivity, improving design quality, reacting to
industry demand, satisfying owner requirements, or improvimgovation. Devdoping a cleamission
statement sets the stage for futur@rganizational decisions related to BIM

After a mission statement is established, the planning team shdaiglopa list of standard project

goals that wouldbe beneficial tothe organizationand typical projects The listcan be divided into

several categories such as required, recommended, and optional for each ptgpect The goals

created should be modifiable based on individual project and team characteridieBningstandard

goalswh f t Fff2¢g SI OK LINE 2S¢ dzpadnimgoalsghicravdllfers@dia molR2 Y | ¢
comprehensive list of goals along with reduce the time to develop the goals

I 2. BIM Uses

An organizatiorshoulddefine typical BIM Use®r future projects thatalign withthe goals established

within the organization Some Uses should be required for every project, while others can only be
suggested or optional based on team and project characteristics. Standard BIM Uses can be determined
using the tools for mject execution planning such as the BIM Use Analysis Worksheet. Using this
worksheet, the planning teams can assess the current BIM competemdieh the organization
possesseand the additional competencies required for eacte Whendeterminingwhich BIM Uses
should be requiresr suggested, it is important to recognize which BIM Uses hyitth each other If

an organization controls multiple processes in a value stream, there will be potential benefits in
implementing uses across the multipleopesses It is also critical that the planning team is not
overambitious about which BIM Uses are required and ensure that the selected BIM Uses are realistic
for project teams to accomplish. By determining which BIM Uses will be selected for each, itrojiic
increase the chance of those uses being completed and will also allow the organization to properly
evaluate which uses are most beneficial.

I3. BIM Process Maps

{GFYRINR .La tNROSaad allld &dK2dZ R 0SS ONBsef)SR (2 R
project team members internally and externally. While the creation of a generic Overview (Level One)
Process Mammay be beneficial to the project team, this will vary greatly from project to project
(deperding on which Uses are selecjedlherebre, it is more valuablgor organizationdo devote time

to the Detailed (Level Two) Process Maps. Multiple process mapdenegquired for eaclBIM Use

depending upon the software, level of detail, contract type, delivery method, and project type.
Additionally, it may be helpful to create instructions and specifications for each process map generated.

9F OK LINR2SOG 4GSty ¢gAatt GKSy G1F1S GKS tS@St G462 LN
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I4. BIM Information Exchanges

The organizational planning team should establish standard information exchanges for each BIM Use
which they perform The planning teanshould identify the information needed for each use the

person whois typically responsible fageneratingthis information; and the preferredformat for the
information exchange. It may also be necessary to create multiple information exchanges for each use
based on differentconditionssuch as software platform, level of detail, and project complexity. A
typical model eement breakdown should also be selected and standardized across the organization
when practical Understandinghe information requirements foreach BIM Use will greatltreamline

the planningneededfor each project and thénformation exchange step ithe Project Execution
PlanningProcedure wilsimplyfocus onfinding inconsistency in the data that will be genexhtgy one
organization and needed by another.

I5. BIM Infrastructure

When planning organizational standards for BIM Project Execution Plannisgnportant to consider

all the resources and infrastructure required to perform the seleghedcesses For each BIM Use

selected, the planning team should determitie personnelwho will perform each usgestablish a plan

for adapting each BIMUSea LISNB 2y y St ol 4aSR 2y LINR2SOG ;andil Sz 02
determine which personnel will typititg oversee the BIM Use.

The organizatiorshould design standard collaboration procedures. Included in this task is crafting
standard strategies basgeon different project types and delivery methods. The planning team should
also determine standard collaboration activities and meetings that will falkee on typical projects
including frequency and required attendeedlt is also essential that the organizati@stablishes
standard electonic communication proceduresSpecific items thashould be addressed includéle
storage and backup systemsstandard file folder structurg; standard finle naming convensions;
standard content librariesandstandards for sharing of information both externally and internally.

Along with collaboration proceduresformation managementjuality assurance andontral is valuable
for every project. The quality of a model csignificantly impach project; therefore the organization
should have standard quality control processes that are well documented adlosv for easy
implementationto ensurethe level of qualityequired for each modeling use

The planning teanshould assesthe software andhardware needs of each BIM Uaad comparethe
technical infrastructure needdo the current software and haware. MNcessary upgrades and
purchases should be made to ensure that the software and hardware doe$mmobtthe successful
modelingperformance. If the proper equipment is not in place, it could result in lower productivity and
increasedime andcostfor eachBIM Use.
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Typical project deliverables need to be established based on different project characteristics. Project
Owners should establish a list of deliverables for each project based on all the information generated
during the planning process. Dasigs and contractors should alscreatel  aYSydz 2F . La
that add value to theverallproject.

It is valuable to consider how BIM will be incorporated into both pricoatractsand subcontracts.
Requirements for BlMncluding BIM Project Execan Planning, BIM Uses, and information exchange
should be written into contracts. The planning team shodklelop draft language that can be
incorporated into contracts, along with developing procedures for team which will allow the
organization to iéntify appropriate team members

I6. Developing the BIM Project Execution Plan

By performing organizational level planning, the team can reduce the amount of time spent on each
step of the planning process and maintain a manageable planning scope by defining their standard
goals, uses, processes, and information exchangése BIMProject Execution Planning’rocedure
requires organizations to provide information regarding their standard practices, including information
exchanges While certain contract structures can lead to collaboration challenges, the goal of this
procedure is tchave the team develop a BIM process containing deliverables that will be beneficial to all
members involved.Toreach thisgoal the project team needs to have open lines of communicatibo.

be succesful, the team members must buy to the process ath be willing to share this intellectual
content with other team members.
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8 CHAPTEREIGHT Z CONCLUSIONS ANIRECOMMENDATIONS

This guide outlines a structured, four step BIM Project Execution Planning Procedure, along with
appropriate implementation guidelinesThe implementation of this procedure has been performed on
seven projects and within three organizations. By analyfiagsuccesses and challenges encountered
within these implementation case studies, the following ten recommendatiémis successful
implementationwere identified

1) Each project team needs a BIM Champioi project using the BIM Project Execution Planning
Procedure isnore likely to succeewhen there is at least one person with a strong desire to develop
the BIM Plan These champions take time to learn the procedure and work to help corniglénal BIM

Plan. They also market the value and necessity of the process to the other project team members. It is
important that the champiofs) on a project encourages the team to take the time to plan the work,
even if there is strongchedulepressure to begin &lveloping model contenprior to the completion of

the planning process.The BIM champion could be from any primary organization, or even a third par

but within the case study projects, these champions were primarily from the owner or constructi
marager organization.

2) Owner involvement is critical throughout the entire proces®8y providing the guidelines for model

and information deliverables, the owner can emphasize the importance of BIM implementation for
reaching their desired end goals ftre facility Owner involvement and enthusiasm regarding the
process can encourage project team members to seek the best processes that will benefit the entire
project Owners should consider writing a BIM Project Execution Plan into their contract dotsito
ensure that theplanning process is performed to a level of detail which méets expectations.

3) It is essential that the project team fosters an open environment of sharing and collaboratidhe
BIM ProjectExecution PlanninBrocedurerequires organizations to provide information regarding their
standard practices, including informati@xchange requirementsWhile certain contract structures can
lead to collaboration challenges, the goal of this procedure is to have the team dev@&ldy process
containing deliverables that will be beneficial to all members involvEdlachieve this goalthe project
team shouldhave open lines of communicatiolheteam members must buin to the process and be
willing to shareheir intellectual ntent with other team members.

4) The BIM Project ExecutioBlanningProcedure can be adapted to different contracting structures
TheBIM process has the ability to be more comprehensively adoptetbire integrated project
deliveryapproaches Howeve, none of the case studies used to validtite procedure were used with
a specific Integrated Project Delivery (IRDitract. The core steps of the procedure are helpful no
matter whichdelivery methods used, but there are added challenges when imaating the planning
when all core team members are not involved in the early stages of the prof@epending on the
contract strategy, additional steps may be needed to ensure project planning syacessarly
assumptions may be needed to plan fotute team members.
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5) There is great value in early planninglf planning does not take place early, extra time may be
needed to resolve inconsistencies downstreafhis often results in more time and resources used than
the original planning would haveseded.

6) The BIM Plan should be treated as a living documeM/hen beginning the BIM Project Execution
PlanningProcedure it is valuable to understand that the BIM Plan willreed to be flexibleand the
plan should be reviewed and updated on a péit basis It is unrealistic to assume that the project
team will have all information necessarydwoid assumptions that may need to be made to develop the
BIM Plan at the inception of the projedt will take time to populate the information becauséditional
and new information must be incorporated as project team members are added.

7) Once an initial plan is developed, it must be reviewed regulark.revision schedulshould beset
based on a frequency that the project team deems appropriateroughout the lifeof the project, it is
important to keep the initial project goals in mind to ensure that the team is working towards their
completion. If there is any deviatiorreassessment of or rededication tiee original goalshould occur

8) The appropriate resources must be made available to ensure planning succéss.important to

keep in mind that the level of effort needed for this process should not be underestima®edject

teams must consider the time allocated for planning whemeyating both the project schedule and
project budget. Due to the learning curve associated with this process, teams should overestimate the
time it will take to produce a BIM Project Execution Pldime time associated with the learning curve

can be reluced by educating involved team members before delving into the proddsout proper
planning before the project specific meetings begin, many unexpected issues may arise that could have
been solved at an earlier time.

9) Developing an organizatiodaBIM Project Execution Plan before project inception can decrease
project planning time. By performing organizational level planning, the team can reduce the amount of
time spent on each step of the planning process and maintain a manageable planmegoyatefining
their standard goals, uses, processes, and information exchanges.

10) The BIM Project Execution Planning Procedure can be adapted for multiple uses and situations
beyond the original scope of the projectEven if project teams take only whthey need from the
procedure and do not complete the entire process, these projeats stillcreate detailed BIM Plans.
Teams have the ability to revise the template documents to fit their specific processes, without
modifying any of the core steps dfie planning procedure. These teams then have the ability to
eventually add other portions of the procedure, which will further assist with their planning.

The BIM Project Execution Planning Procedure has helped project teams develop detailed plaais for t
projects. These plans outline the goals, process, information exchanges, and infrastructure for BIM
implementation. By developing and following these plans, the teams are able to make a significant
impact on the degree of successful BIM implemewtati The procedure does take tinadd resources
particularly the first time an organization is involved in this level of planning, but the benefits of
developing the detailed plaraf outweigh the resources expended
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APPENDIXA 7 BIM GOAL WORKSHEET

Priority (1-3) Goal Description Potential BIM Uses

1- Most Important | Value Added ®jectives Achieve Goal
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APPENDIXB 7 BIM USEDESCRIPTIONS

Please note that BIM Usese organized in reference tadtire 22:

Building (Preventativéylaintenance Scheduling
Building System Analysis
Asset Management
Space Managememind Tracking
Disaster Planning
Record Modeling
Site Utilization Planning
Construction System Design
Digital Fabrication
. 3D Control andPlanning
. 3D Coordination
. Design Authoring
. Engineering Analysis
a. Energy Analysis
b. StructuralAnalysis
c. LightingAnalysis
d. Mechanical Analysis
e. Other EngneeringAnalysis
14. Sustainability (EEPEvaluation
15. Code Validation
16. Programming
17. Site Analysis
18. Design Reviews
19. Phase PlanningtD Modeling
20. Cost Estimation
21. Existing Conditions Modeling
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Building (Preventative) Maintenance Scheduling
Description:

A process in which the functionality of the building structure (walls, floors, roof, etc) and equipment
serving the building (mechanical, electrical, plumbing, etc) are maintained over the operational life of a
facility. A successful maintenance program will improve building performance, reduce repairs, and
reduce overall maintenance costs.

Potential Value:

Plan maintenance activities proactively and appropriately allocate maintenance staff

Track maintenance history

Reduce corrective maintenance and emergency maintenance repairs

Increase productivity of maintenance staff because the physical location of equipment/system is
clearly understood

Evaluate different maintenance approaches based on cost

Allow facility managers to justify the need and cost of establishing a reliability centered maintenance
program

Resources Required:

Design review software to view Record Model and components

Building Automation System (BAS) linked to Record Model

Computerized Maintenance Management System (CMMS) linked to Record Model

User-Friendly Dashboard Interface linked to Record Model to provide building performance
information and/or other information to educate building users

PP 2

PPl
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Team Competencies Required:

Ability to understand and manipulate CMMS and building control systems with Record Model
Ability to understand typical equipment operation and maintenance practices
Ability to manipulate, navigate, and review a 3D Model

>

>

Selected Resources:
A Campbell, D.A. (2007). BIM i Web Applications for AEC, Web 3D Symposium.

A Fallon, K. (2008). il nt er oper abi |l ity: Cri t i @&lA Edgas Website: ISinghyvH.; WoH.
Dunn (2008). Integrating Facilities Stovepipes for Total Asset Management (TAM). Journal of Building
Information Modeling, Spring 2008. http://www.aia.ord/nwsltr_tap.cfm?pagename=tap_a_0704_interop

A ASHRAE (2003). HVAC design Manual for Hospitals and Clinics. Atlanta, GA. (2004). Federal energy
Management Program. O&M Best Practices: A Guide to Achieving Operational Efficiency, Release 2.0. July
2004. wwwl.eere.energy.gov/femp/pds.OM_5.pdf

A Piotrowski, J. (2001). Pro-Active Maintenance for Pumps. Archives, February 2001, Pump-Zone.com
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Building Systems Analysis

Description:

A process that measures how a building's performance compares to the specified design. This includes
an analysis of the mechanical system operational characteristics including the energy use of a building.
Other aspects of this analysis could include, but are not limited to, ventilated facade studies, lighting
analysis, internal and external CFD airflow, and solar analysis.

Potential Value:

A Ensure building is operating to specified design and sustainable standards
A Identify opportunities to modify system operations to improve performance

Resources Required:

A 3D Model manipulation
A Building Systems Analysis Software (Energy, Lighting, Mechanical, Other)

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Ability to understand building systems and typical operations
A Ability to assess building systems using analysis software

Selected Resources:

A Ayat E. Osman, Robert Ries. " Optimization For Cogeneration Systems in Buildings Based on Life Cycle
Assessment" May 2006, http://itocn.org/2006/20/

A "Building Performance Analysis Using Revit" 2007 Autodesk Inc.,
http://images.autodesk.com/adsk/files/building_performance_analysis_using_revit.pdf
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Asset Management

Description:

A process in which an organized management system will efficiently aid in the maintenance and
operation of a facility and its assets. These assets, consisting of the physical building, systems,
surrounding environment, and equipment, must be maintained, operated, and upgraded at an efficiency
which will satisfy both the owner and users at the lowest appropriate cost. It assists in financial decision-
making, as well as short-term and long-term planning. Asset Management utilizes the data contained in a
record model to determine cost implications of changing or upgrading building assets, segregate costs of
assets for financial tax purposes, and maintain a current comprehensive database that can produce the
value of a company's assets.

Potential Value:

A Store operations, maintenance owner user manuals, and equipment specifications.

A Perform and analyze facility and equipment condition assessments

A Maintain up-to-date facility and equipment data including, but not limited to, maintenance schedules,
warranties, cost data, upgrades, replacements, damages/deterioration, maintenance records,
manufacturer's data, equipment functionality, and others required by owner.

A Provide one comprehensive source for tracking the use, performance, and maintenance of a
building's assets for the owner, maintenance team, and financial department

A Produce accurate inventory of current company assets which aids in financial reporting, bidding, and
estimating the future cost implications of upgrades or replacements of a particular asset.

A Allow for future updates of record model to show current building asset information after upgrades,

replacements, or maintenance by tracking changes

A Aid financial department in efficiently analyzing different types of assets through an increased level of
visualization

A Increase the opportunity for measurement and verification of systems during building occupation

Resources Required:

A 3D Model manipulation
A Asset Management system

Team Competencies Required:

Ability to manipulate, navigate, and review a 3D Model

Ability to manipulate an asset management system

Knowledge of tax requirements and related financial software

Knowledge of construction and the operation of a building (replacements, upgrades, etc.)

Knowledge of which assets require tracking, whether the building is dynamic vs. static, and the end
needs of the building to satisfy the owner

Selected Resources:

> > > > >

A GSA Energy Performance and Operations: hitp://www.gsa.gov/portal/content/102283
A GSA Commissioning Overview: http://www.gsa.gov/portal/content/104824

A NIST General Buildings Information Handover Guide: Principles, Methodology and Case Studies
http://www.fire.nist.gov/bfrlpubs/build07/PDF/b07015.pdf
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Space Management and Tracking

Description:

A process in which BIM is utilized to effectively allocate, manage, and track assigned workspaces and
related resources. A BIM model will allow the facility management team to analyze the existing use of the
space and appropriately manage changes in clientele, use of space, and future changes throughout the
facility's life. Space management and tracking is an application of the record model.

Potential Value:

A Identify and allocate space for appropriate building use
A Track current use of space

A Insure optimum use of the facility's space resources

A Assist in planning future space needs for the facility

Resources Required:

A 3D Model manipulation
A Content management application

Team Competencies Required:

A Ability to manipulate, navigate, and review record model
A Ability to assess current space and assets and manage appropriately for future needs

Selected Resources:

A Valcik, Nicolas A. and Patricia Huesca-Dorantes. fiBui | di ng a Gl S Database
Ma n a g e mBlawtDireotions for Institutional Research, n120 p53-61 2003.
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Disaster Planning

Description:

A process in which emergency responders would have access to critical building information in the form
of a model and information system. The BIM would provide critical building information to the responders
that would improve the efficiency of the response and minimize the safety risks. The dynamic building
information would be provided by a building automation system (BAS), while the static building
information, such as floor plans and equipment schematics, would reside in a BIM model. These two
systems would be integrated via a wireless connection and emergency responders would be linked to an
overall system. The BIM coupled with the BAS would be able to clearly display where the emergency
was located within the building, possible routes to the area, and any other harmful locations within the
building.

Potential Value:

A Provide police, fire, public safety officials, and first responders access to critical building information in
~ real-time
A Improve the effectiveness of emergency response

A Minimize risks to responders
Resources Required:

A 3D Model manipulation
A Building Automation System (BAS) knowledge

A Emergency response knowledge
Team Competencies Required:

A Ability to manipulate, navigate, and review BIM model for facility updates
A Ability to understand dynamic building information through BAS
A Ability to make appropriate decisions during an emergency

Selected Resources:

A Building Information for Emergency Responders. Systemics, Cybernetics and Informatics, 11th World Multi-
Conference (WMSCI 2007). Proceedings. Volume 3. Jointly with the Information Systems Analysis and
Synthesis: ISAS 2007, 13th International Conference. July 8-11, 2007, Orlando, FL, Callaos, N.; Lesso, W.;
Zinn, C. D.; Yang, H., Editor(s) (s), 1-6 pp, 2007. Treado, S. J.; Vinh, A.; Holmberg, D. G.; Galler, M.
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Record Modeling

Description:

A process used to depict an accurate representation of the physical conditions, environment, and assets
of a facility. The record model should, as a minimum, contain information relating to the main
architectural and MEP elements. Additional information including equipment and space planning systems
may be necessary if the owner intends to utilize the information. Furthermore, with the continuous
updating and improvement of the record model and the capability to store more information, the model
contains a true depiction of space with a link to information such as serial codes, warranties and
maintenance history of all the components in the building. The record model also contains information
linking pre-build specification to as-built specifications. This allows the owner to monitor the project
relative to the specifications provided.

Potential Value:

Aid in future modeling and 3D design coordination for renovation

Provide documentation of environment for future uses, e.g., renovation or historical documentation
Aid in the permitting process (e.g. continuous change vs. specified code.)

Dispute elimination (e.g. link to contract with historical data highlights expectations and comparisons
drawn to final product.)

Solid understanding of project sequencing by stakeholders leads to reduced project delivery times,
risk, cost, and law suits

I > >

>

Resources Required:
A 3D Model manipulation
Team Competencies Required:

A Ability to manipulate, navigate, and review 3D model
A Ability to use BIM modeling application for facility updates
A Ability to thoroughly understand site processes to ensure correct input

Selected Resources:

A http:/lwww.bimforum.org/index.php?option=com_content&task=view&id=19#Q6
http://bentleybim.wordpress.com/2007/11/13/bentleys-bim-preferred-58-to-revit-38-executive-briefing/
http://continuingeducation.construction.com/article.php?L=19&C=213&P=1
http://www.aecbytes.com/buildingthefuture/2006/Expotitions_meeting.html

> > >

Building Information Modeling Execution Planning Guide

; =1\,
©2010 The Computer Integtad Construction Research Group -/
>4 Pt

The Pennsylvania State University


http://www.bimforum.org/index.php?option=com_content&task=view&id=19#Q6
http://bentleybim.wordpress.com/2007/11/13/bentleys-bim-preferred-58-to-revit-38-executive-briefing/
http://continuingeducation.construction.com/article.php?L=19&C=213&P=1
http://www.aecbytes.com/buildingthefuture/2006/Expotitions_meeting.html

Site Utilization Planning

Description:

A process in which a 4D model is used to graphically represent both permanent and temporary facilities
on site, with the construction activity schedule. Additional information incorporated into the model can
include labor resources, materials and associated deliveries, and equipment location. Because the 3D
model components are directly linked to the schedule, site management functions such as visualized
planning, short-term re-planning, and resources can be analyzed over different spatial and temporal data.

Potential Value:

A Generate site usage layout for temporary facilities, assembly areas, and material deliveries for all
phases of construction

A Identify potential and critical space and time conflicts

A Select a feasible construction scheme

A Update site organization and space usage as construction progresses

Resources Required:

A 3D Model manipulation
A Design authoring software
A Scheduling software

Team Competencies Required:

A Ability to manipulate, navigate, and review 3D model
A Ability to manipulate and asses construction schedule with 3D model
A Ability to understand typical construction methods

Selected Resources:

A Chau, KW.; M. Anson, and J.P. Zhang. fi F oDimensional Visualization of Construction Scheduling and Site
Utilization.0 Journal of Construction Engineering and Management. (July/August 2004): 598-606. ASCE. 5
September 2008. http://cedb.asce.org/cgiMVWWddisplay.cgi?0410956.

A Dawood, Nashwam et al . AThe Virtual Constr uolTéow NVol.Si
10 (2005): 43-54. 8 September 2008._http://www.itcon.org/cgi-bin/works/Show?2005_5.

A Heesom, David and Lamine Mahdjoubi. fi Tr e n 4DsCAD Applications for Construction Planning.o
Construction Management and Economics. (February 2004). 22 171-182. 8 September 2008.
http://www.tamu.edu/classes/choudhury/articles/1.pdf.
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Construction System Design (Virtual Mockup)
Description:

A process in which 3D System Design Software is used to design and analyze the construction of a
complex building system (e.g. form work, glazing, tie-backs, etc.) in order to increase planning.

Potential Value:

Increase constructability of a complex building system
Increase construction productivity

Increase safety awareness of a complex building system
Decrease language barriers

I >

Resources Required:
A 3D System design software
Team Competencies Required:

Ability to manipulate, navigate, and review 3D model

Ability to make appropriate construction decisions using a 3D System Design Software
Knowledge of typical and appropriate construction practices for each component
Selected Resources:

>

A Leventhal, Lauren.o Delivering Instruction for Inherently-3D Construction Tasks: Lessons and Questions for
~Universal A Worlestsop on miviersat Agaissibility of Ubiquitous Computing: Providing for the elderly.
A Khemlano (2007). AECbytes: Building the Future (October 18, 2007).
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Digital Fabrication

Description:

A process that utilizes machine technology to prefabricate objects directly from a 3D Model. The 3D
Model is spooled into appropriate sections and inputted into fabrication equipment for production of
system assemblies.
Potential Value:

A Automate building component fabrication
A Minimize tolerances through machine fabrication

A Maximize fabrication productivity
Resources Required:

A 3D Model manipulation
A Fabrication equipment
A Fabrication methods

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Ability to manufacture building components using digital information
A Ability to understand typical fabrication methods

Selected Resources:

A Rundell,Rick. AiBI M and Di gi(t-&3 MFewirti clRtpivesncadalysy.cord/aec/bim-and-digital-
fabrication-1-2-3-revit-tutorial-3707._8 February 2008.
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3D Control and Planning (Digital Layout)
Description:

A process that utilizes a model to layout the building assemblies and produce lift drawifigawings
are 2D/3D componendrawings used by foremen during on site construction.

Potential Value:

A Decrease layout error by producing control directly from the 3D Construction Model
A Increase communication between office and field personal
A Decrease/Eliminate language barriers

Resources Required:
A 3D Model manipulation
Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Ability to understand and interpret lift drawings

Selected Resources:

A http://www.construction-planning-and-control.com/
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3D Coordination

Description:

A process in which Clash Detection software is used during the coordination process to determine field
conflicts by comparing 3D models of building systems. The goal of clash detection is to eliminate the
major system conflicts prior to installation.

Potential Value:

Coordinate building project through a model

Reduce and eliminate field conflicts; which reduces RFI's significantly compared to other methods
Visualize construction

Increase productivity

Reduced construction cost; potentially less cost growth (i.e. less change orders)

Decrease construction time

Increase productivity on site

More accurate as built drawings

I I I D D

Resources Required:

A 3D Model manipulation
A Model Review application

Team Competencies Required:

A Ability to deal with people and project challenges

A Ability to manipulate, navigate, and review a 3D model
A Knowledge of BIM model applications for facility updates
A Knowledge of building systems.

Selected References:

A Staub-French S and Khanzode A (2007) **3D and 4D Modeling for design and construction coordination:
issues and lessons learned** ITcon Vol. 12, pg. 381-407, http://www.itcon.org/2007/26

A Khanzode A, Fischer M, Reed D (2008) **Benefits and lessons learned of implementing building virtual
design and construction (VDC) technologies for coordination of mechanical, electrical, and plumbing
(MEP) systems on a large healthcare project**, ITcon Vol. 13, Special Issue Case studies of BIM use, pg.
324-342, http://www.itcon.org/2008/22

A AECbytes.com - venderhub
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Design Authoring

Description:

A process in which 3D software is used to develop a Building Information Model based on criteria that is
i mportant to the tr ans|l dwoigmups obdpplitatiors thatane &t the corg 6fshe d e si gn
BIM-based design process are design authoring tools and audit and analysis tools.

Authoring tools create models while audit and analysis tools study or add to the richness of information in
a model. Most of audit and analysis tools can be used for Design Review and EngineeringAnalysis BIM

Uses. Design authoring tools are a first step towards BIM and the key is connecting the 3D model with a
powerful database of properties, quantities, means and methods, costs and schedules.

Potential Value:

Transparency of design for all stakeholders

Better control and quality control of design, cost and schedule
Powerful design visualization

True collaboration between project stakeholders and BIM users
Improved quality control and assurance

Resources Required:
A 3D Model manipulation

I >

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Knowledge of construction means and methods
A Design and construction experience

Selected References:

A Tardif, M. (2008). BIM: Reaching Forward, Reaching Back. AlArchitect This Week. Face of the AIA.
AlArchitect
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Engineering Analysis (Structural, Lighting, Energy, Mechanical, Other)
Description:

A process in which intelligent modeling software uses the BIM model to determine the most effective
engineering method based on design specifications. Development of this information is the basis for what
will be passed on to the owner and/or operator for use in the building's systems (i.e. energy analysis,
structural analysis, emergency evacuation planning, etc.). These analysis tools and performance
simulations can significantly improve the design of the facility and its energy consumption during its
lifecycle in the future.

Potential Value:

Automating analysis and saving time and cost

Analysis tools are less costly than BIM authoring tools, easier to learn and implement and less
disruptive to established workflow

Improve specialized expertise and services offered by the design firm

Achieve optimum, energy-efficient design solution by applying various rigorous analyses

Faster return on investment with applying audit and analysis tools for engineering analyses

Improve the quality and reduce the cycle time of the design analyses

PPl
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Resources Required:

A 3D Model manipulation
A Engineering analysis tools and software

Team Competencies Required:

Ability to manipulate, navigate, and review a 3D Model
Ability to assess a model through engineering analysis tools
Knowledge of construction means and methods

Design and construction experience

Selected References:

Malin, N. (2008). BIM Companies Acquiring Energy Modeling Capabilities.
http://greensource.construction.com/news/080403BIMModeling.asp

Marsh, A. (2006). Ecotect as a Teaching Tool. http://naturalfrequency.com/articles/ecotectasteacher
Marsh, A. (2006). Building Analysis: Work Smart, Not Hard. http://naturalfrequency.com/articles/smartmodelling
Novitzki, B. (2008). Energy Modeling for Sustainability.
http://continuingeducation.construction.com/article.php?L=5&C=399

Stumpf, A., Brucker, B. (2008). BIM Enables Early Design Energy Analysis.
http://www.cecer.army.mil/td/tips/docs/BIM-EnergyAnalysis.pdf

PIER Building Program (2008). Estimating Energy Use Early and Often.
www.esource.com/esource/getpub/public/pdf/cec/CEC-TB-13_EstEnergyUse.pdf

Ecotect - Building Analysis for Designers. http://www.cabs-cad.com/ecotect.htm

Khemlani (2007). AECbytes: Building the Future (October 18, 2007).

> >
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Sustainability (LEED) Evaluation

Description:

A process in which a project is evaluated based on LEED or other sustainable criteria. This can refer to
materials, performance, or a process. Sustainability Evaluations can be applied across all four phases of
a construction project, Planning, Design, Construction, and Operation. Sustainability evaluation is most
effective when it is done in planning and design stages and then applied in the construction and
operations phase. Model all sustainable aspects of a project throughout its life-cycle in order to obtain the
desired LEED certification in the most efficient manner by condensing design analyses into a single
database.

Potential Value:

A Accelerate design review and LEED certification process with efficient use of a single database with
all the sustainable features present and archived

A Improved communication between project participants in order to achieve LEED credits and
decreased redesign efforts as a result

A Align scheduling and material quantities tracking for more efficient material use and better cash flow
analysis

A Optimize building performance by tracking energy use, indoor air quality and space planning for the

adherence to LEED standards leading to integrated facility management using a BIM model

Resources Required:

A 3D Model manipulation
A LEED credit knowledge

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Knowledge of current LEED credit information

Selected Resources:

Building Information Modeling for Sustainable Design: http://goliath.ecnext.com/coms2/gi_0199-
7985352/Building-information-modeling-for-sustainable.html

Sustainable Perspectives: Building Information Modeling for Sustainable Design:
http://www.edcmag.com/Articles/Featured_Special_Sections/BNP_GUID_9-5-2006_A_10000000000000214529
Building Information for Sustainable Design (Revit White Paper)

Building Information Modeling and the Adoption of Green Technologies:
http://www.triplepundit.com/2008/05/building-information-modeling-and-the-adoption-of-green-technologies/
Krygiel, E., and Brad N. (2008). Green BIM: Successful Sustainable Design with Building Information Modeling.
San Francisco: Sybex, 2008.
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Code Validation

Description:

A process in which code validation software is utilized to check the model parameters against project
specific codes. Code validation is currently in its infant stage of development within the U.S. and is not in
widespread use. However, as model checking tools continue to develop, code compliance software with
more codes, code validation should become more prevalent within the design industry.

Potential Value:

A Validate that building design is in compliance with specific codes, e.g. IBC International Building
Code, ADA Americans with Disabilities Act guidelines and other project related codes using the 3D
BIM model.

A Code validation done early in design reduces the chance of code design errors, omissions or
oversights that would be time consuming and more expensive to correct later in design or
construction.

A Code validation done automatically while design progresses gives continuous feedback on code
compliance.

A Reduced turnaround time for 3D BIM model review by local code officials or reduced time that needs
to be spent meeting with code commissioners, visiting the site, etc. or fixing code violations during
punch list or closeout phase.

A Saves time on multiple checking for code compliance and allows for a more efficient design process
since mistakes cost time and money.

Resources Required:

A Local code knowledge
A Model checking software
A 3D Model manipulation

Team Competencies Required:

A Ability to use BIM authoring tool for design and model checking tool for design review
A Ability to use code validation software and previous knowledge and experience with checking codes
is needed.

Selected Resources:

A Automated Circulation Validation using BIM. GSA. 1-22.
A Eastman, C., Liston, K., Sacks, R. and Teicholz, P. BIM Handbook: A Guide to Building Information Modeling for
Owners, Managers, Designers, Engineers and Contractors. New York, NY: Wiley, 2008.
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Description:

A process in which a 3D model is used to showcase the design to the stakeholders, evaluate meeting the program,
and set criteria such as layout, sightlines, lighting, security, ergonomics, acoustics, textures and colors, etc. Virtual
mock-ups can be done in high detail even on a part of the building like a fagcade to quickly analyze design alternatives
and solve design and constructability issues. If properly executed, these reviews can resolve design issues by
offering different options. Additionally design reviews reduce the cost and time invested in traditional mock-ups
considering basic construction, making modifications after reviews and final demolition and removal expense.

Potential Value:

A Eliminate costly and timely traditional construction mock-ups

A Different design options and alternatives are easy to model and change real-time during design review by end
users or owner

A Create shorter and more efficient design reviews

A Resolve the conflicts that would arise in a mock-up and model the potential fixes in real-time along with
tolerances revised and RFI& answered

A Preview space aesthetics and layout during design review in a virtual environment

A Evaluate effectiveness of design in meeting building program criteria and owner's needs

A Creates efficiencies in design process

A Easily communicate the design to the owner, construction team and end users. Get instant feedback on meeting

program requirements, owner 6s needs and building of
Resources Required:

A 3D Model manipulation
A Design Review Software
A Interactive review space

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Ability to model photo realistically including textures, colors and finishes and easily navigable by using
different software or plug-ins.

Selected Resources:

A Dunston, Phillip S., Arns, Laura L., and McGlothin, James D. (2007). "An Immersive Virtual Reality Mock-up for
Design Review of Hospital Patient Rooms," 7th International Conference on Construction Applications of Virtual
Reality, University Park, Pennsylvania, October 22-23, 9 pages

A Majumdar, Tulika, Fischer, Martin A., and Schwegler, Benedict R. (2006). "Conceptual Design Review with a
Virtual Reality Mock-Up Model," Building on IT: Joint International Conference on Computing and Decision
Making in Civil and Building Engineering, Hugues Rivard, Edmond Miresco, and Hani Melham, editors, Montreal,
Canada, June 14-16, 2902-2911.

A Maldovan, Kurt D., Messner, John I., and Faddoul, Mera (2006). "Framework for Reviewing Mockups in an
Immersive Environment," CONVR 2006: 6th International Conference on Construction Applications of Virtual

Reality, R. Raymond Issa, editor, Orlando, Florida, August 3-4, on CD, 6 pages
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Description:

A process in which a spatial program is used to efficiently and accurately assess design performance in
regard to spatial requirements. The developed BIM model allows the project team to analyze space and
understand the complexity of space standards and regulations. Critical decisions are made in this phase
of design and bring the most value to the project when needs and options are discussed with the client
and the best approach is analyzed.

Potential Value:

A Efficient and accurate assessment of design performance in regard to spatial requirements by the
owner.

Resources Required:
A Design Authoring Software
Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model

Selected Resources:
A GSA BIM Guide

Building Information Modeling Execution Planning Guide
B!M ©2010 The Computer Integtad Construction Research Group

10N The Pennsylvania State University




SN CRAEWSS

Description:

A process in which BIM/GIS tools are used to evaluate properties in a given area to determine the most
optimal site location for a future project. The site data collected is used to first select the site and then
position the building based on other criteria.

Potential Value:

>

Use calculated decision making to determine if potential sites meet the required criteria according to
project requirements, technical factors, and financial factors

Decrease costs of utility demand and demolition

Increase energy efficiency

Minimize risk of hazardous material

Maximize return on investment

I >

Resources Required:

A GIS software
A 3D Model manipulation

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Knowl edge and understanding of | ocal aut hori ty

Selected Resources:

The Site Selection Guide. US General Services Administration (GSA) Public Building Service.

Optimal Site Selection for Military Land Management, R.M. Wallace, ASCE Conf. Proc. 138, 159 (2004). DOI:
10. 1061/40737(2004)159.

Farnswort h, St ephen J. diPeosgedingSies. duné 1995,29-FAer specti ve.
WPBG Sustainable Committee. Optimizing Site Potential.

Suermann P.C. Leveraging GIS Tools in Defense and Response at the U.S. Air Force Academy. ASCE Conf.
Proc. 179, 82 (2005) DOI: 10. 1061/40794(179)82.

GIS 1 Based Engineering Management Service Functions: Taking GIS Beyond Mapping for Municipal
Governments.

> D> DD
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Phase Planning (4D Modeling)

Description:

A process in which a 4D model (3D models with the added dimension of time) is utilized to effectively plan
the phased occupancy in a renovation, retrofit, addition, or to show the construction sequence and space
requirements on a building site. 4D modeling is a powerful visualization and communication tool that can
give a project team, including the owner, a better understanding of project milestones and construction
plans.

Potential Value:

>

Better understanding of the phasing schedule by the owner and project participants and showing the
critical path of the project

Dynamic phasing plans of occupancy offering multiple options and solutions to space conflicts
Integrate planning of human, equipment and material resources with the BIM model to better
schedule and cost estimate the project

Space and workspace conflicts identified and resolved ahead of the construction process

Marketing purposes and publicity

Identification of schedule, sequencing or phasing issues

More readily constructible, operable and maintainable project

Monitor procurement status of project materials

Increased productivity and decreased waste on job sites

Conveying the spatial complexities of the project, planning information, and support conducting
additional analyses

PPl

I D D

Resources Required:

A 3D Model manipulation
A Scheduling software
A 4D Modeling Software

Team Competencies Required:

Knowledge of construction scheduling and general construction process. A 4D model is connected to
a schedule, and is therefore only as good as the schedule to which it is linked.

Ability to manipulate, navigate, and review a 3D model.

Knowledge of 4D software: import geometry, manage links to schedules, produce and control
animations, etc.

> >

Selected Resources:

A Dawood, N., and Mallasi, Z. (2006). Construction Workplace Planning: Assignment and Analysis Utilizing 4D
Visualization Technologies. Computer-aided Civil and Infrastructure Engineering, Pgs. 498-513.

A Jongeling, R., Kim, J., Fischer, M., Morgeous, C., and Olofsson, T. (2008). Quantitative analysis of workflow,
temporary structure usage, and productivity using 4D models. Automation in Construction, Pgs. 780-791.

A Kang, J. H., Anderson, S. D., and Clayton, M. J. (2007). Empirical Study on the Merit of Web-based 4D
Visualization in Collaborative Construction Planning and Scheduling. Journal of Construction Engineering
and Management, Pgs. 447-461.
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Cost Estimation

Description:

A process in which a BIM model can be used to generate an accurate quantity take-off and cost estimate
early in the design process and provide cost effects of additions and modifications with potential to save
time and money and avoid budget overruns. This process also allows designers to see the cost effects of
their changes in a timely manner which can help curb excessive budget overruns due to project
modifications.

Potential Value:

A Precisely estimate material quantities and generate quick revisions if needed

A Stay within budget constraints with frequent preliminary cost estimate while the design progresses

A Better visual representation of project and construction elements that need to be estimated: taken off
and priced

A Provide cost information to the owner during the early decision making phase of design

A Focus on more value adding activities in estimating like identifying construction assemblies,
generating pricing and factoring risks then quantity take-off, which are essential for high quality
estimates.

A Exploring different design options and concept

A Saving estimatoros time and all owing them dnoe

~ take-offs can be automatically provided.
A Quickly determine costs of specific objects

Resources Required:

A Model-based estimating software
A Design authoring software
A Cost data

Team Competencies Required:

A Ability to define specific design modeling procedures which yield accurate quantity take-off
~information
A Ability to identify quantities for the appropriate estimating level (e.g. ROM, SF, etc.) upfront

Selected Resources:

A Lee, H., Lee, Kim, J. (2008). A cost-based interior design decision support system for large-scale housing
projects, ITcon Vol. 13, Pg. 20-38, http://www.itcon.org/2008/2

A Autodesk Revit. "BIM and Cost Estimating.0 Press release. Jan. 2007. Autodesk. 11 Sept. 2008.
http://images.autodesk.com/adsk/files/bim_cost_estimating_jan07_1_.pdf

A Dean, R. P., and McClendon, S. (2007). "Specifying and Cost Estimating with BIM.0 ARCHI TECH. Apr. 2007.
ARCHI TECH. 13 Sept. 2008. http://www.architechmag.com/articles/detail.aspx?contentid=3624.

A Khemlani, L. (2006). "Visual Estimating: Extending BIM to Construction.0 AEC Bytes. 21 Mar. 2006. 13 Sept.
2008. http://www.aecbytes.com/buildingthefuture/2006/visualestimating.html

A Buckley, B. (2008). "BIM Cost Management.0 California Construction. June 2008. 13 Sept. 2008.

A Manning, R.; Messner, J. (2008). Case studies in BIM implementation for programming of healthcare
facilities, ITcon Vol. 13, Special Issue Case studies of BIM use, Pg. 246-257, http://www.itcon.org/2008/18
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Existing Conditions Modeling

Description:

A process in which a project team develops a 3D model of the existing conditions for a site, facilities on a
site, or a specific area within a facility. This model can be developed in multiple ways depending on what
is desired and what is most efficient. Once the model is constructed, it can be queried for information,
whether it is for new construction or a modernization project.

Potential Value:

Document existing building for historical use

Provide documentation of environment for future uses

Enhance efficiency and accuracy of existing conditions documentation
Provide location information

Aids in future modeling and 3D design coordination

Use for visualization purposes

Resources Required:

I I >

A 3D Model manipulation
A 3D Laser scanning
A 3D Laser scanning point cloud translation into objects

Team Competencies Required:

A Ability to manipulate, navigate, and review a 3D model
A Knowledge of BIM authoring tools

A Knowledge of 3D laser scanning tools

Selected Resources:

A GSA BIM Guide Series 3. 3D Laser Scanning.
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APPENDIXCZ BIM USEANALYSISWORKSHEET

Additional Resources /

Value to

“alueto Responsible Capability ) X Proceed
BIM Uze* 3 esp . Competencies Required to Notes. .
Project Pa N Ratinc i e = weith Use
- ty Party < Implement

High { Mled ¢ High f Scale 1-3 YES RO
Low Meddlow| [1=Laow) MAYEE

K

sl g|s

F|E| 2

i | 0| i

Mlaintenance Scheduling

Building Systems Analysis

Fiecord Modeling

Cost Estimation

40 Madeling

Site Ukilization FPlanning

Layout Control & Planning

30 Coordination [Construction] |

Engineering Analysis

Site Analyzis

Design Reviews

30 Coordination (Design)

Existing Conditions Maodeling |

Design Authoring

Frogramming

* Additional BIM Uses as well as information on each Use can be found at httpo/fww . engr.psu. edulaelcic/bimex
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APPENDIXD 7 TEMPLATEPROCESMAPS

This appendix contains the followiBiM Process Map Templates
Level 1: BIM Overview Map
Level 2 Detailed BIM Use Process Maps:

Existing Conditions Modeling
Cost Estimation
4D Modeling
Programming
Site Analysis
Design Reviews
Design Authoring
Energy Analysis
StructuralAnalysis
. LightingAnalysis
. 3DDesignCoordination
. Site Utilization Planning
. 3D Control andPlanning
. Record Modeling
. Maintenance Scheduling
. Building System Analysis

© o N WD RE

el e e e
O UANWNRO
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Existing Conditions Modeling
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