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Prologue

Many architects and architectural designers, particularly those with governmental or institutional cli-
ents, are being asked by their clients to “deliver BIM”. This can be a directive leading to a good deal
of anxiety and not a small amount of confusion, because more often than not, neither the client nor
the practitioner understands what is being sought with this request. Is “BIM” a file format, a 3D model,
or a way of doing business? What are the legal and contractual implications of “doing BIM"? And,
most importantly, how can the practitioner properly respond to (and satisfy) the client who wants a
BIM delivery?

This paper is intended to answer those questions and introduce to users who are “thinking BIM” yet
another three-letter-acronym, IPD, which stands for “Integrated Project Delivery”.

Motivation

Before diving into the “who, what, where, and when” of BIM and IPD, it may be best to start with a
brief overview of the “why”. This initial section briefly covers the motivation for “delivering BIM” start-
ing with the perspective of national policy, and ending with the perspective of the individual architect.

Motivation for National Policy

Recent studies repeatedly cite inefficiencies and waste in the construction industry. For example, an
Economist article from 2000 identifies 30% waste in the US construction industry; a NIST study from
2004 targets lack of AEC software interoperability as costing the industry $15.8B annually; and a US
Bureau of Labor Statistics study shows construction alone, out of all non-farm industries, as decreas-
ing in productivity since 1964, while all other non-farm industries have increased productivity by over
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Figure 1 — Comparative Efficiency of Industries (after D. Smith, NIBS, 2009)

200% during the same period. The heart of the matter is this: the construction industry as practiced in
the United States is grossly inefficient, and is becoming more so, at least compared to other seg-
ments of the economy (see Figure 1). The construction industry has been characterized as having
“adversarial relationships where contractual arrangements encourage risk avoidance and risk shed-
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ding."” (For those readers who may be
following the ongoing US debate on
health care costs, this may sound simi-
lar to the behavior of the large health
insurers!)

Even more frightening, though, than an
industry that is less than 50% efficient
is an industry that is less than 50%
efficient and has a truly voracious ap-
petite (see Figure 2).

Stipulated, then, that motivation num-
ber one is the paramount need to
increase the efficiency in our produc-
tion methods in the construction
industry.

Owner motivation
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Figure 2 — Raw Materials Usage Curve, US, 1900 - 1995

While we as a society all pay in some manner (abstract or otherwise) for the loss of natural re-
sources, it is the building owner/operator who is likely to be driving the adoption of any process that
will save him money, of course. Who can blame him? As any architect will attest, there are owners
and then there are owners. Some owners (government agencies, educational institutions, healthcare,

etc.) understand well the cost of ownership, but what about the real-estate developer?

Well-planned IPD projects using BIM can show cost reduction during design and construction as a

result of:

® Increased design quality through model-based analysis and simulations;

® Better cost prediction through repeated, accurate bill-of-materials costing;
® Lowered risk through reduced errors and field changes resulting from 3D interference checking?;
® Greater potential for prefabrication due to predictable field conditions; and
® Improved field efficiency by visualizing the planned construction schedule.

At the end of the construction phase, the BIM model may be transferred to the facility operator to
improve the long-term facility performance with:

® Asset management

® Space planning / Real estate utilization, and

® Maintenance scheduling.

1 Bilar Succar, “Building information modelling framework: A research and delivery foundation for industry

stakeholders”, Elsevier, 2008
2 Also referred to as “clash detection”.
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The long-term owner who understands life-cycle cost concepts will probably have little trouble in per-
ceiving the value of a data-rich, query-able model of his building that is kept up-to-date. Even the
sophisticated owner, though, should anticipate some re-thinking of his facility- and asset-
management processes. (Looking at Figure 3, one is struck by the proportion of overall savings that
is accomplished while the owner has control over the building. If a Building Information Model is a
central tool in the savings, then the Owner's employees will by extension need to become competent
in BIM.)
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Figure 3 — A “Notional” Chart of Life-Cycle Facility Costs (after D. Smith, NIBS, 2006)

The short-term “investment owner” actually may have to spend a little more money on services (see
Figure 3), but even he can probably be mollified by the fact that the BIM/IPD process reduces his risk
(especially the risk of high-dollar change orders) during the construction phase. Risk reduction is not
exactly cost reduction, but developers understand risk and will pay some amount to avoid it.

Architect Motivation

Most if not all architects will (perhaps ruefully) acknowledge the ubiquitous waste in their industry, but
may feel that a solution is beyond the scope of their training, beyond even the legal definition of their
professional authority. Can a new way of doing business that provides greater efficiency and waste
reduction help architects become “part of the solution,” no longer sitting on the sidelines? This may
be a compelling “external” goal for architects to use a better, more efficient business model. The re-
sponses to the McGraw-Hill 2009 BIM survey showed in more detail the perceived benefits of BIM to
architects (see Figure 4).
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It seems clear, then, that there are compel-
ling reasons to change the way we in the
construction industry do business. And the
context of this thinking—about business
models—is the right place to being the dis-
cussion of BIM and IPD. Because while there
may be those who describe BIM as “a tech-
nology”, or “a software package,” BIM and
IPD are not so much technologies as they are
business models. As just one affirmation of
this, the Wikipedia article on Building Infor-
mation Modeling notes, “BIM goes far beyond
switching to a new software. It requires
changes to the definition of traditional archi-
tectural phases and more data sharing than
most architects and engineers are used to.”

Definitions

The verbosity of many industry terms has
driven the creation of three-initial acronyms
(TIAs)3. Worse, in the case of “BIM”", a single
acronym actually refers to two different things
(@ product deliverable and the activity that
creates it)!

Building Information Model
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Figure 4 — Architect's Perceived Benefits of BIM

(from McGraw Hill Market Report, 2009)

A Building Information Model (BIM) is a digital representation# of physical and functional character-
istics of a facility. As such it serves as a shared knowledge resource for information about a facility
forming a reliable basis for decisions during its life cycle from inception onward. The Building Informa-
tion Model encompasses building geometry, spatial relationships, and quantities and properties of

building components.

Building Information Modeling

Building Information Modeling (BIM) is the process of generating and managing building data dur-
ing its life cycle. Typically it uses three-dimensional, real-time, dynamic building modeling software to
increase productivity in building design and construction. Essential to Building Information Modeling is
the idea of collaboration: different stakeholders at different phases of the life cycle of a facility must

3 A feeble attempt at a joke.

4 The term “digital representation” is sometimes additionally described as “computable” (AutoDesk) or “machine
readable” (Charles Eastman). In this context the term means a representation that can be interpreted without

human/visual intervention.
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be able to add, extract, or edit information in the shared model to support the needs and function of
that stakeholder. BIM is sometimes used as a shorthand for IPD (see below).

Exchange Requirement

An Exchange Requirement (ER) is the specification (in non-technical language) of an information
exchange (often a file transfer) required by the project sequence. See also MVD below.

Industry Foundation Classes

Industry Foundation Classes (IFC) is an open-standards (i.e. non-proprietary and publicly avail-
able) software data format for the exchange of building information. It is the only open-standards
software sufficiently rich to exchange a complete building model.

Integrated Delivery Manual

An Integrated Delivery Manual (IDM) is a business-process chart that is used as a “roadmap” (al-
ternatively called “Process Map”) in the planning of IPD projects. The IPD is usually represented as
“swim-lanes”, with the “lane” representing the domains of project team members, activities as within
“lanes” or (for shared activities) operating across “lanes”, and links across “lanes” representing infor-
mation exchanges required by the project sequence.

Integrated Project Delivery

Integrated Project Delivery (IPD) is a business model for design, execution, and delivery of build-
ings by collaborative, integrated and productive teams composed of key project participants. Building
upon early-phase contributions of team members’ expertise, these teams are guided by principles of
trust, transparent processes, effective collaboration, open information sharing, team success tied to
project success, shared risk and reward, value-based decision making, and utilization of full techno-
logical capabilities and support. The outcome is the opportunity to design, build, and operate as
efficiently as possible.

Interoperability

Interoperability is the ability for the various stakeholders in the BIM or IPD process to exchange data

in a meaningful manner, no matter the various kinds of specialized software they may be using to do

their work. Interoperability requires a disciplined process supporting all of the following:

*  Aspecific business case that includes an exchange of building information;

* The users’ view of data necessary to support the business case; and

e The machine interpretable exchange mechanism (software) for the required information inter-
change and validation of results.

Open-Standard Interoperability is interoperability based on the IFC information standard.

Model View Definition

A Model View Definition (MVD) is a software specification setting out the contents of a model to be
used in an information exchange. The specification covers which types of objects are required in the
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Figure 20 — Example of a "Level 1" Process Map for a BIM Project

Each of the process units in this “Level 1” diagram may be in turn represented as a collection of more
detailed processes in a so-called “Level 2” process map. Below for example in Figure 21 is a detail of
the cost estimation process highlighted in Figure 20, expressed as a series of more detailed proc-
€sSes.

1 2: Cost Estimation Team.
Project Title

REFERENCE INFO.

Figure 21 — Example of a "Level 2" Process Map for a BIM Project
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Clearly, for a major project such as a university building or a hospital, a planning process to this level
of detail is appropriate. For those unused to a rigorous planning element like this in their design pro-
jects, this kind of planning process may seem like a lot of administrative overhead. For large, complex
projects, it is just this level of detail in planning the activities and information exchanges in the project
that will enable the success of the rest of the project. For simpler projects, a more streamlined plan-
ning process is appropriate. In either case, however, the planning process must be truly committed to
by all the project team players and must be budgeted for.

Step 3 — Develop Information Exchange Requirements

The PxP Guide notes that one role of an effective project plan is to determine who on the project
team is the best, most appropriate, author of information required for downstream BIM uses. The PxP
Guide presents a worksheet for developing ERs (a portion of which is illustrated in Figure 11.) The
use of this worksheet has the five following steps:

* 3.1- Identify each information exchange from the Process Map;

Each Information Exchange required by the project activities should be drawn and identified on the

Process Map.

e 3.2- Choose a Model Element Breakdown for the project;

Based on the character of the Information Exchanges in the project, a subdivision of the elements in

the models to be exchanged should be established. There are several available templates for this:

CSI Uniformat (as used in the PxP Guide and in the AIA E202 ), or OmniClass Table 21 (Elements)

are the primary ones.

* 3.3- Develop the Information Exchange Requirements (ER) for each exchange;

The PxP Guide identifies the following critical information for each exchange (note: Compare this list

to the NBIMS list as shown in Figure 10):

— Model Receiver: who will be receiving the model for a future use?

— Model File Type: What format and version of BIM authoring tool or interoperability file?

— Level of Detail (LOD): To what qualitative degree is the information developed? (LOD is a concept
also used in the AIA E202. The PxP Guide has attempted to harmonize with the AIA protocol.)

— Notes: Additional information as may be required.

e 3.4- Assign an Author to each Exchange

Each line item in an Information Exchange should have a party who is responsible for creating the

information. This will usually be one of the following:

— Owner — Civil Engineer — Facility Manager
— Architect — Structural Engineer — Trade Contractor
— Contractor — MEP Engineer

e 3.5- Compare Input vs. Output Content for Each Exchange

Using the PxP Guide Exchange Requirements worksheet, the project team should discuss the spe-
cific elements where the Output information as authored does not match the Input information as
required (for the next BIM use). When this occurs, one of two potential remedial actions needs to take
place. Either the information can be revised to a higher level of accuracy or specificity, or the author
needs to be changed to the party performing the BIM use.
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Compare the information developed in steps 3.3 through 3.5 above to the items in the table in Figure
10.

Step 4 — Develop the Infrastructure for the BIM Project Execution Plan
The final step in the BIM Project Execution Planning Procedure is to define the project infrastructure
required to effectively realize the developed implementation process. Nine specific categories are
identified by the PxP Guide and should be addressed in this step. They are listed and elaborated
upon below.

* 4.1- Project Goals / BIM Objectives

The team should document the justification for implementing BIM on the project and explain the op-
erative BIM Use decisions. There should be a clear list of the BIM goals and intended uses.

e 4.2- BIM Process Design

The project team should develop process maps for each BIM activity. The maps should provide a
detailed plan for development of each BIM Use, and should define the specific information exchanges
for each activity. The plan should include the overview map of the BIM Uses, a detailed map of each
BIM Use, and a description of elements on each map.

* 4.3- BIM Scope Definitions

The team must determine the model elements by discipline, level of detail, and any specific attributes
important to the project. The model breakdown should define the model components and discipline
specific deliverables to maximize value and limit unnecessary modeling.

* 4.4 - Organizational Roles and Staffing

The specific organizations, their project roles, and their detailed staff contributions to the project
should be defined and documented.

e 4.5- Delivery Strategy / Contracts

The optimal project delivery process to meet the project goals should be determined. In order to
achieve team objectives, the project may be CM-at-risk, Design-Build, Transitional IPD, or Single
Purpose Entity IPD. The team must define the impact of the project delivery structure, team selection,
and contracting strategy for the project. Procurement methods, work breakdown schedule, and pay-
ments need to be specified. Model ownership and reliance issues need to be addressed.

* 4.6 — Communication Procedures

The team must develop and document their electronic and meeting communication procedures, in-
cluding model management (e.g., model checkiout, revision procedures, etc.) and standard meeting
actions and agendas.

e 4.7 - Technology Infrastructure Needs

The team should determine the requirements for hardware, software, space, and computer networks
for the project. Team physical arrangement should be determined (co-location or separate locations
with high-speed WAN). Training needs and budgets should be determined and documented. Specific
software should be considered for the following uses:

— Design Authoring

— 3D Design Coordination

— Virtual Mockups (Design Visualization)

28
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— Cost Estimating

— 4D Phasing or Modeling

— Energy Modeling

* 4.8 - Model Structure and Quality Control

Model quality control procedures must be defined and implemented. Each model created must be
preplanned considering model content, LOD, format and responsible party. Quality control of deliver-
ables must be assured at each design review, coordination meeting or milestone. Any corrupt
information must be further investigated and procedurally prevented in the future. The deliverables
need to comply with agreed-upon standards considering symbology, dimension style, line styles, text
styles, levels and other standards. 3D interference checking must also be done within each discipline
and across various disciplines in coordination models. Model-checking software for semi-automated
checking is recommended. Documentation confirming that a quality check was performed should be
part of each submittal or BIM report.

* 4.9 - Valuable Project Reference Information

The team should review and record critical project information that may be valuable for the BIM team
for future reference. This includes project overview information, BIM specific contractual require-
ments, and key project contacts.

Endnotes — URL references
These endnotes reference the URLs for links embedded in the document, for those reading this in
hard copy:

" http://lwww.aia.org/contractdocs/AIAS077630

i http://www.ipd-ca.net

ii http://www.hegra.org/EDS Independent voice Jan 2008.html

v http://www.wbdg.org/bim/nbims.php
http://www.architecture.com/LibraryDrawingsAndPhotographs/PalladioAndTheVeneto/PalladioAndHisRegion/Vill
as/LaRotonda/Rotonda2.aspx

Vi http://www.theaiatrust.com/newsletter/2009/07/bim-and-transition-to-ipd/

Vi http://Iwww.agc.org/galleries/contractssCCR  COMPARISON OF AIA IPD DOCUMENTS WITH THE
CONSENSUSDOCS 300.pdf

viihttp://lwww.aiacontractdocuments.org/ipd/agreements.cfm
 http:/fisites.harvard.edu/fs/docs/icb.topic552698.files/Wickersham BIM-IPD legal and business isssues.pdf

* http://lwww.ipdconference.com/userfiles/Wickersham BIM_IPD.pdf

% http://www.nspe.org/resources/pdfs/Licensure/Resources/MFLResearchFellowshiplPDReport.pdf

A http://lwww.aecbytes.com/viewpoint/2009/issue_48.html

i http://lwww.engr.psu.edu/ae/cic/BIMEx/index.aspx

W http://www.engr.psu.edu/ae/cic/bimex/bim_uses.aspx
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