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COORDINATION GUIDELINESFOR VIRTUAL DESIGN AND CONSTRUCTION
ABSTRACT

Over the past decade the use of BIM in the AEC strguhas grown several fold and with it the
number of standards available for implementing BlWhe ‘National BIM Standard’ by buildSmart
Alliance, the ‘Contractor Guide to BIM' by the Assated General Contractors of America, the ‘BIM
Project Execution Planning Guide and Templateghfféenn State University, the ‘BIM Roadmap’ by the
US Army Corps of Engineers are some of the se@idl guidelines that are currently available to the
AEC industry practitioners. Some of these guiddiree as comprehensive as defining BIM and the
associated taxonomy while others are meant to bé os an individual project basis. From a contnagto
perspective one of the key benefits of using BINbisthe purpose of collision detection and cooation.
This research has found that currently availabliElejines do not address these issues adequately. Fo
instance, the currently available guidelines do altmiw the subcontractor to quickly communicateiéss
such as naming conventions and color schemes wvtitieirmodel, to the general contractor. Consequently
general contractors and sub-contractors find thewasanaking changes to their BIM deliverables based
on each other’s abilities and levels of adoptiopart from reason’s stemming from use of different
software platforms. This paper describes how amafucontractors and subcontractors from Atlantd an
Birmingham in the United States came together ¢ater and adopt a ‘Coordination Guidelines for \4tu
Design and Construction’. These guidelines wereifipally created with the purpose of streamlinithg
construction coordination process using BIM. Thaper describes how the guidelines created diftanfr
other guidelines currently available in the industr
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INTRODUCTION

Over the course of the past 10 years, the ArchitecEngineering, and Construction industry has
experienced the transformative effects due to nb@duction of Virtual Design and Construction (VPC
tools. This latest technological shift is in-liméth what the industry experienced with the introtion of
Computer Aided Design during the mid-1980’s in thdtas the potential to dramatically improve prexe
efficiencies, accuracy, and understanding of dedigtuments, when harnessed properly (Howard et al.,
1989). The key difference is that this time, tleehinology is far-reaching, capable of transforming
information exchange processes(Denzer & Hedges3)20@0DC processes and tools have the potential to
improve the notoriously inefficient processes @& thdustry by reducing re-work, streamlining trensfer
of information, enhancing understanding, and imprg\accuracy(Azhar et al., 2008). These are only a
few of the purported benefits of VDC, and as thehtmlogy evolves and user expertise increasefao t
will the advantages of virtual design and constaurct

Building Information Modeling is a single elemenithin the larger framework of Virtual Design
and Construction (VDC). While BIM refers to theyiial models that represent the forefront of 3D
representation in building design today, VDC in€laa larger framework of processes including 4D and
5D analyses, which represent time and cost res@dyti VDC can also encompass a nhumber of other
available tools, including 3D scanning technoldggdio Frequency Identification (RFID) tracking
technology, and end-user Facilities ManagementBanlding Automation and Management Systems
(BAS / BMS). VDC tools, and particularly BIM taohre available in a wide array of technologies and



software/hardware tools, and can be incorporatedardiverse spectrum of project settings and team
arrangements, and building types and scopes of.widdwever, while VDC provides a large framework
of tools for a variety of needs, BIM is primarilgténded to facilitate building design and coordovat
enhance communication, and identify and solve coasbn conflicts prior to them reaching the field,
thereby saving time on the construction schedBI&/ is not a process, but rather a tool; Similahtw a
carpenter needs a square to complete a successjdwerking project, the modern building designer
needs a BIM to complete a successful VDC project.

Today, users are faced with an abundance of tdolke#r disposal and wide ranging industry
standards on how to use those tools. The AEC isechifting towards an industry where a VDC pigxce
seems to be well on its way to adoption, judgingubgr statistics(Jung & Joo, 2011). This paperfadus
on examining Building Information Modeling, bottom a historical context, as well as current usebs an
practices. There are many documents that aread@itoday for BIM users to use reference toolbis T
paper will examine a selection of these documesyecifically this paper presents various implemigoma
issues that are addressed in each of these docunk@mally, this paper will present a new documntbat
was created by a group of contractors in the Seasltern United States, and that is aimed at addgess
many of the shortcomings found in the currentlyilabde documents.

Historical Perspective of BIM

Building Information Modeling (BIM) is the procesd creating and using digital models for
design, construction, and operations of projectsGkaw-Hill, 2009). BIM originated and has evolved
from two-dimensional Computer Aided Drafting (CAfpls. 2D-CAD tools were developed for personal
computers starting in the mid 1980’s for a variefyuses including manufacturing and building design
Around this time, a number of software companiesewdeveloping competing products, including the
American firms AutoDesk and Bentley Technologiebpwemain the top firms in this field today (Watson
2010). During the mid-1980’s, 2D drawing tools @¢he only form of computerized drafting technology
commercially available to designers. In 1982, Msek introduced AutoCAD, and three years later,
Bentley Technologies released a program called dfitation that allowed 2D computerized drafting. It
would take another decade for the software devetope begin to incorporate three-dimensional,
parametric capabilities (Watson 2010).

During the mid 1990’s, a nhumber of companies wereetbping ‘object-based’ modeling tools
including Charles River Software. Object-based etiodg refers to computerized models based on three-
dimensional forms with intelligent information, lnatr than orthographic line drawings. This is antlic
departure from 2D drafting because model comportemnts identities such as walls, floors, or rocdsher
than simply using lines to represent these thil@sarles River Software would later go on to rename
themselves Revit Technology, prior to be acquirgd\btoDesk in 2002 for $133 Million (Watson 2010).
AutoDesk’s primary competitor, Bentley was devetapsimilar technology throughout the course of the
mid to late nineties.

Technological developments have taken standard Pditin tools and added parametric
capabilities to them. Parametric models use madhieai equations and geometric constraints to apply
parameters to the shapes and spaces being desigilee digital environment. Parametric models are
based on integrated geometric relationships ttabaund by rules and are non-redundant (Eastmah et
2011). These technologies have been evolvingherldst 3 decades, but BIM as we know it currently
began emerging in the mid 2000’s(Watson 2010).d&ets such as Bentley Architecture V8.1 and Revit
Architecture 2013 represent the latest achievemiengarametric modeling. These tools allow users t
create object-based models with intelligent comptsie That means that users have a palette of solid
forms at their disposal, such as walls, columnstsjwor doors. Instead of drawing these itemsviddally
with line-work, the software provides solid-statedrling that enables the user to create models Gsath
of intelligent building components. Building syste can be modeled, modified, and rendered intgrnall
using the modeling and rendering engines withinsthféware (Eastman et al. 2011).



EXECUTING THE BIM PROCESS

Typically, a BIM refers to one single model thgpmesents the overall virtual design of a building.
Within this model may reside other models, eacltifipgo a certain scope of work such as electrical
systems, plumbing piping, mechanical equipmenticstiral frame, or architectural elements. Each of
these individual models is ‘linked’ together sotttiee individual files can be viewed and compareda
composite. In that regard, these models can heomnplex, and proper file management is an immbrta
aspect of the process. The typical team that dsissiruses, and coordinates all of these diffarerdels
into one conglomerate that can be used for ovbualilling uses can be very large and complex. Hawnev
in general, the team usually consists of the Aechiiand their team of consulting engineers, typidake
Mechanical, Electrical, and Structural consultaatg minimum. Other participants include the Gahe
Contractor, and their team of sub-contractorsuidiclg structural and MEP contractors.

BIM has many added benefits for building desigreard constructors. Currently, industry
professionals use BIMs for a range of purposesithpact design, preconstruction, construction, and
facilities management processes. Models can ki tosgpatially coordinate overlapping scopes ofkwnor
tight spaces, something that previously had beénexconsuming field operation. BIM can test
scheduling logic and highlight constructability asite logistics issues. It can be used to crelatdg
realistic renderings that enhance our understarafinigsign intent. It can create a dialogue betwee
design documents and estimating processes by pgrepbailding material quantities and interfacingtwi
estimating software. And it can be employed bylifaes managers to better understand the piecds an
parts of their buildings and how they work and dtidae maintained. This list is not exhaustive, but
represents the broad application and significamtgaf BIM tools. According to a 2012 market srve
conducted by McGraw-Hill, 66% of respondents clainmaproved project processes due to the use of
BIM on projects (McGraw Hill 2012).

BIM has considerable process implications for Aietiis. Because of the parametric nature of
BIM, when an architect models a building asseméidgtions and details are instantly drafted. Bexafis
the intelligence built into the programs paramelhic many views of a single assembly can be ctkate
through one drafting effort, rather than the triadial efforts aimed at plan, section, elevatioradeetc.
This means that labor efforts are added to thersatie design phase, but also that at the completion
schematic design; the team has a model that ignriztiormation. Up to 2 out of 3 architects catesi the
greatest value derived from BIM to be the reductiorework during the design development phaséef t
project (McGraw Hill 2012).

The next important thing BIM provides for Architeés a means of communicating design intent
in a way previously unavailable. BIM software gu@ped with rendering engines that are capable of
producing photo-realistic renderings of both irdednd exterior surfaces and spaces. Where theitAct
was previously confined to using the traditionalnotmne plans, sections, and elevations, through, BIM
full-color, three-dimensional images with matetiaian be provided. Photo realistic renderingvadio
architects to communicate their design intent ton@vs to help inform design decisions, as well as
Contractors to ensure that pricing and schedulifayts are as accurate as possible. This abibty h
fundamentally changed the way Constructors aretahl@derstand and plan for Architectural design.

Aside from enhanced understanding of design elesn&hi provides Contractors with many
other tools. Perhaps the most important is thityhd coordinate complex building systems thaeiface
with one another. Mechanical, Electrical, PlumbiRige Protection piping, and other building seegic
typically are located within ceilings, walls, anther confined spaces. As such, they typically irequ
considerable coordination to ensure they all fid &mction properly. Prior to BIM, this process aoed
in the field, by the contractors, and typically edan abundance of Requests for Information (RR§
Supplemental Instructions from the design teames€RFI’s led to rework and delays that are castly
projects. A majority of respondents to McGraw WilbmartMarket Survey indicated that they believed
that BIM allowed users to reduce omissions andrerirodesign documents, which leads to less re-work
(McGraw Hill, 2009). With BIM, interfacing tradeootractors can gather together prior to a singbsh



of dirt being moved and work these conflicts outha virtual realm. This not only avoids the ingént
process of seeking clarifying information in theldi, but also helps to avoid costly work stoppaayesre-
designs.

In addition to resolving field conflicts and elinaiting RFI's, BIM is being used considerably by
contractors in 4D analysis. 4D analysis is gengdkepted as the ability to tie sequencing oVvais on
from construction project schedule to the objectthe model. This allows construction professionals
visualize exactly how the building will be erectethis ability to visualize how the project will be
sequenced allows builders to test their schedutigig, critical path, and uncover otherwise unferss
conditions that may relate to site logistics orqu environmental conditions. It also avails thettactor
with the ability to communicate to owners, archise@and specialty contractors their plan for ergcthe
structure.

Lastly, BIM can provide building and facilities megers with tools to better manage their
properties. If stipulated by the contract, inggint information can be added to the working model
produced by the design and construction team. iffosmation serves to replace the cumbersome
‘Operations and Maintenance’ manuals that the desigl Construction team typically hand over to the
Facilities Manager at the conclusion of the projdaformation including maintenance schedules,
manufacturer’s contact, warranty information, aaplacement parts can all be linked within the model
Furthermore, if designed, Building Automation Sysseand Building Management Systems can be linked
to the BIM, which can provide the Facilities Managdth an alert if something in their facility is
functioning improperly, such as a duct leakinguaned out lamp, or a door lock malfunction. Théigb
to virtually design and construct the buildingeading to the ability to virtually manage the biuntgias
well. This final capacity of BIM is probably thedst developed, but has perhaps the most promike to
future value of the technology.

Currently, there is no standard way to executeudirDesign and Construction processes on building
projects. The level of detail, parties involveddaxtent of coordination and modeling is a factiothe
building complexity and contract requirements. rEh@e many variables that each project team reeds
consider in order to define what approach is bgistd for their needs. Some of these variableside
whether or not to incorporate BIM efforts into thentract, what software to use, and what to do ti¢h
model once the construction has completed. Furtbes, the team must consider the roles, respoitisbil
and deliverables of all members of the interfade@ms. For example, it is common today for the
Architecture and Engineering team to produce ondeah@nd for the Construction manager and Specialty
Contractors to develop their own model based onrntteemation provided to them. This inefficiency i
due to ambiguity relating to authorship and ownigrshquirements and legalities concerning the madel
legal document. Using VDC processes on a consbruproject can add substantial value to the job.
However, the lack of current industry-wide bestaices for these new processes is resulting irfigierfit
processes, duplicate efforts, and legal and ltgtalhxieties.

BIM EXECUTION PLANS, GUIDES, STANDARDS, AND RELATED DOCUMENTS

As VDC processes and tools continue to gain monmentithin project teams, the need for
standardizing processes has arisen. However,astdinihg a process that is so wide-reaching, coxple
varied, and subjective presents obvious challengegariety of groups have worked towards producing
documents and guides that aim to define and stdizmaVDC processes. Most of these documents are
large (over 50 pages), and far-reaching; the doatsrattempt to tackle every aspect of the useef th
various VDC processes and tools available. Fomgka, many of the available BIM execution guides
attempt to standardize process management, tetlpnizedures, software and hardware, and roles and
responsibilities. Table 1 shows some of the orgsiuns that have produced documents that addréds Bl
from an industry standpoint. VDC has grown to tbenpwhere it is being used on a widespread basis i
the American Construction industry (McGraw Hill 201 These tools and processes have evolved rapidly
to the point where the majority of major firms aiing a variety of BIM tools and 4D and 5D techiyiés.
Academia has followed suit by producing a numbestoflies, papers, and examinations of how the tools



work, how they can be used, and how they are chartge industry. These documents are important for
cementing the understanding of the benefits of iBxQusers, but not useful for improving performance
when using VDC. Despite rapid growth and embrasmfthe industry, there continues to be
inefficiencies and waste in these new processesalse of the lack of industry standards or besitises,
the difference in protocol between different firargd firms across different regions can be substianti
These discrepancies cause users to experiencealangents of non-productive time.

In addition to these industry groups and acadenstitutions, nearly every large General Contractor
and Architecture firm that is using these tools thegeloped a document to use for their own projenets
illustrates the process of using BIM on a constoucproject. The variety and depth of the matergadd
media available for BIM standards is in a rapidigwing phase. Most of the documents that have been
produced can be characterized as reference guidtarmards. They are wide reaching guides that &xi
serve as reference material, comparable to thesbaedilable for software support.

Table 1. Organizations Publishing BIM Standards
Organization
AGC - The Associated of General Contractors of Aoe(AGC, 2010)
GSA - The General Services Administration (GSA, 201
USACE - The United States Army Corps of Engine&lSACE, 2012)
NIBS - National Institute of Building Sciences (lingSMART, 2012)
PSU - Penn State University (Penn State, 2012)

The construction management program at XXX Univetisivited a group of industry experts in
BIM to seek advice about pedagogical issues asasgrovide these professionals an opportunity to
interact with one another to discuss the changingdcape of VDC. The group included industry BIM
professionals representing specialty sub-contra@smwell as general contractors from several aretde
South-eastern United States, mainly BirminghampAfaa and Atlanta, Georgia. Several of these ingustr
professionals were also recent graduates of thgramn At one of these meetings to discuss the axngdis
and opportunities in their professional roles,dheup pointed out that while they work with one teo
on several projects, they find themselves havingdjost their processes and procedures with eatireot.
An initial meeting illuminated the fact that manfytbese graduates were facing the same issues and
hurdles trying to work with VDC tools at the prosemal level. This lead to the group agreeingréate a
document that might help them streamline the pie®sf using BIM in a collaborative environmentiwit
one another. Issues of standardization, coordinatézhnical operability and such were a commoeattir
amongst all of them. Over the course of the follg6 months and several meetings, involved more
stakeholders, and shared more ideas about theo$tBt& in the industry within the South-eastergien.
The culmination of these open forums was the goataft a document that the professionals in tlo@ro
could use to standardize coordination and BIM mtopeocesses; making individuals and workflows more
efficient was the chief aim of this task.

The group of professional contractors, specialtytiaztors and researchers was named the “BIM
Contractors Advisory Group” and entitled the docati€oordination Guidelines for Virtual Design and
Construction! The document exists as a standard for profeasida use to streamline setting up BIM
projects, and more importantly, understanding heacty to execute the coordination of different
people’s virtual modeling. Version 1.0 of this datent was created in the January-2012 and is hsied
by contractors in the area since then. Early disions with these contractors indicate positive oesp to
the implementation of this document.

Next, this document is specific. Itis not a geheeference guide; rather it is a procedural dcmtm
that defines exactly how coordination processesaoecur on a Virtual Design and Construction gctj
These procedures were based on the closest thihggsbpractices’ that exist today: the processes b
which designers and builders are using BIM with anether within a region. This document explicitly
lays out things like team member names and contaxdés and responsibilities, team goals, defingio
file naming and organizing conventions, and otkeehnical information. It standardizes modeling



practices such as layer naming conventions, fisgisg procedures, the colors for scope items, pre-
coordination requirements, and clash detection img@rocedures. Most teams using BIM today dofll
these things in a slightly similar manner, but vatiough variation that the differences cause netslo-
downs when individuals kick-off a new project widlmew teammate. The idea behind the document was
to create a set of standards that focus on spgxificedures, and to standardize those procedutkm\ai
region in a manner such that it reduces or elirem#tte inefficiencies that are currently inhereith\the
startup phase of a BIM project.

The guides and handbooks available for BIM exeougiee largely for industry participants who are
new to the process. They explain how the partiesilsl be arranged, what the tools are and whatahey
capable of, and how teams can derive value andibéoen their varied uses. However, there is a ga
explicitly examining and standardizing how teams w@rk together, how to do it well, and how to to i
efficiently. In defence of the existing guides, theuble with trying to capture, address, and shadide
BIM on a large scale is that every project, andeteam, is going to approach the process difféyent
Just as Architects, Contractors, and Engineerdipesiheir disciplines differently amongst regicam
countries, BIM is no different. Creating a documinat attempts to place national or even inteometi
standards or codes on something this complex iadtabe too rigid. It may not be able to accomated
the specifics of individual team dynamics or unigspects of project conditions.

Table 2 — BIM Guidelines and Standards

Organization Title Year Pages
Associated General Contractors ofThe Contractors Guide to BIM 2010 - V2.0 48
America
Governmental Services GSA BIM Guide Series 2012 450+
Administration
National Institute of Building United States National Building2012 — V2.0 183
Sciences Information Modeling Standard
Penn State University BIM Project Execution 2010-Vv2.1 134

Planning Guide
US Army Corps of Engineers Building Information Misthg 2012 55
Roadmap
Southeast -Virtual Design & Coordination Guidelines for 2012 12
Coordination Guidelines Virtual Design and

Construction Projects

The title and the associated organization thatywed each of these organizations is shown in @&ble
The shear size of each of these documents canupgimigin trying to implement on every project, as
shown in table 2. While BIM is widely acknowledgasl a recent change in the AEC industry over tisé pa
ten years, there have already been multiple itamatof guidelines and standards. By examining dgep
counts and major topic headings, it quickly becoamgsarent that these documents are intended to
examine BIM from a big-picture point of view. THecuments focus on explaining the history of BIM,
the theory of its use, how firms can adopt and galoe from BIM, and how BIM processes can be
implemented.

Table 3 shows the big picture issues that are adddein each of these documents. Most of the
available guidelines, specifications, and standhed® been crafted as reference tools. They exptav
BIM works so that novice users can understand tbhegsses and decide what level to implement them
within their own firms. The target audience is tieav BIM user seeking an understanding and
introduction to BIM, not the experienced user segléfficiency in their daily processes. Furtherejor
many of these documents are not project centiiey to not delve into specific procedures, botmfe
team/coordination standpoint, as well as a techicd technological standpoint. They are processric,
and as such have an important role in the availéblature, but are ultimately ineffective for exjenced
project teams.



Table 3 — BIM Guidelines and Standards -A

Organization BIM History/ Information BIM Interoperability Issues
Background Exchange Processes Theory

AGC X X X X
GSA X X X X
NIBS X X X X
PSU X X X X
USACE X X X X
Southeast X

Table 4 shows how each of these documents addmrgjestpspecific issues where the various
subcontractors and contractors can collaboratey il tools.

Table 4 — BIM Guidelines and Standards - B

Organization Project Team Meeting Project Goals & Specific Order of
Information procedures, file Responsibility  Technical Precedence

formats, model  Matrix Guidelines & for Scopes of
colors, etc. Procedures Work

AGC X X

GSA

NIBS

PSU X X

USACE X X X X

Southeast X X X X X

CONCLUSIONS

This new document is notable for a number of resisdrhere are three main characteristics of it that
make it noteworthy: It is collaborative, it is sffex; and most importantly, it is hierarchical. &h
document was authored with the intention of beingpaking document that firms across the region doul
use, become familiar with, and employ to improwe effficiency of coordination procedures on
construction projects. It is intended to be agebicentric working document that can adapt easity not
cumbersome to use, two challenges that many datger documents presented.

Industry associations or groups produced mange#atailable standards, guides, and documents for
executing BIM on design and construction projedts wput from users. TheCoordination Guidelines
for Virtual Design and Constructionvas authored by everyday users of BIM applicatidrstthermore,
while many of the other documents were producerepyesentative of one stakeholder group (such as
contractors, owners, or architects), this documeas created by a roundtable made up of a divermggr
of individuals. These include general contractepgcialty contractors, and academics — each with a
equal voice and an equal opportunity to weigh-id eontribute input to the documents. The resudt is
document that users have buy-in with; the docurhaatbeen crafted in a manner such that it focuses a
highlights only the areas that are important totdaans who will be using it. This allows the doeunto
be streamlined and devoid of much of the anciliafgrmation that does not directly contribute tartes
achieving their goals.

Finally, this document is unique because it assaghierarchy to the elements that are commonly
modeled and coordinated within a BIM. Most indivédl General Contractors, Architects, and Specialty
Contractors today have their own internal ordegprecedence that they follow for virtual modeling.
Because of the lack of common understanding of keope items fit within building spaces,
coordination efforts can be grossly exacerbateat. eikample, if the electrical contractor is unawaifre
gravity fed piping in a corridor ceiling, they meyodel their raceways tight to the structure abowieen,
when it comes time to coordinate their model whté plumbing contractor, they find that the plumber
needs this space for waste piping in order tolgeptoper slope. This results in considerable caawk



whereby the electrical contractor must now re-mdkelraceways and then re-coordinate the two models
If there was a common understanding of the ord@red¢edence for model components, considerable time
could be saved. This document provides usersthvthhierarchical framework, whereby at projeckkic

off, each of the team members is given a list ifigng which scope items have the highest priofitythe
example, waste piping), which in turn defines whitelms will need to move to accommodate the higher
priority items. This order of precedence was agjngeon by all of the stakeholders involved in draft

the document, and should help to expedite pre-doatidn efforts between 1-2 trades, as well as make
team-wide coordination efforts amongst all tradedais more efficient.
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