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This class will help you explore the actual application of industry BIM standards such as
Industry Foundation Classes, COBie, and Levels of Development. How do these standards affect
professional services agreements and deliverables? How will they affect design team collaboration?
How will they support healthy competition while increasing quality and reducing costs for owners?
Examples of IFC and COBie exporting from Revit will be demonstrated as well as samples of levels of
development for use in model-sharing agreements. Extended discussion will explore the actual
application of industry BIM standards and the effects they have on professional services agreements,
project delivery, and collaboration.

Learning Objectives
At the end of this class, you will be able to:


Identify the benefits and use cases of open standards for BIM data



Learn how to best prepare Revit models for export to open data standards



Understand how levels of development (LOD) are applied to modeling in Revit and how they affect
professional services



Describe the benefits and limitations of model-based project delivery over documents
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Open BIM Standards
A frequent inclusion in many BIM guidelines – especially with public and government
organizations – is the use and/or delivery of open BIM standards. In most cases, this takes the
form of Industry Foundation Classes or IFC. Quite frankly, many BIM requirements from
owners simply state that if an organizational BIM standard does not exist, the National BIM
Standard-US shall be utilized. So, what does this mean? As of NBIMS version 2, this
essentially includes the reference standards of IFC 2x3, COBie and OmniClass.
In my “Building Smarter Models” presentation from RTC (appended to the end of this
document), I offered a detailed explanation of IFC and the process for creating an industry
standard information exchange – those ‘-ie’ terms such as COBie. The Construction-Operation
Building Information Exchange is a data schema developed for the transfer of non-graphic data
from design, through construction, to the facility manager. There are other information
exchanges accepted in NBIMS v2 including Design to Spatial Validation
Finally, OmniClass is a hierarchical classification system developed by CSI (Construction
Specifications Institute) that is a conglomeration of other systems such as MasterFormat and
Uniformat.
There are other information exchanges included in NBIMS v2. They include the following:
Early Design to Spatial Validation – IFC can be exported from Revit and can be imported by
Solibri Model Checker using spatial validation rulesets.
Design to Building Energy Analysis – IFC exported from Revit; imported by EnergyPlus by
the US DOE, RIUSKA by Granlund (Finland), or IDA ICE by Equa (UK).
Design to QTO for Cost Estimating – IFC exported from Revit; imported by TCM QTO by
Tocoman or IFC QTO by Digital Alchemy.
Obviously, your project team will need to determine whether or not BIM workflows will be
implemented for the above use cases. You will need to decide if your client’s “comply with
NBIMS” requirement implies BIM use according to the aforementioned exchanges.
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Use Cases for IFC
Let’s explore some of the real world use cases where an IFC-based workflow creates real
benefits for design and construction teams.
Model checking
For 3D Coordination, you have the opportunity to use a FREE tool – Tekla BIMsight
(www.teklabimsight.com) – that utilizes IFC input. For more advanced checking including model
deficiency and code validation, Solibri Model Checker (www.solibri.com) offers a more robust
feature set. Like Tekla BIMsight, Solibri uses IFC as its primary method of input. The IFC-based
input approach differs from Autodesk Navisworks because the standardized data schema of IFC
allows the software to ‘understand’ the model. In other words, it knows the difference between a
wall, a door, a floor, and a beam. In Navisworks, this ‘understanding’ is established by userdefined data filters (search sets).

3

Applying Open Standards and LOD to BIM

Steel structure workflow
Tekla (www.tekla.com) provides import and export plug-ins for Revit that support better
exchange with Tekla Structures. In addition, the steel industry is in the process of shifting from
CIS/2 exchange format to one that is based on IFC. Read more about this strategy shift at:
http://www.aisc.org/newsdetail.aspx?id=29658

Capital Market Authority Tower in Riyadh by HOK; case study documented by Tekla
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Model-based program validation
With the integrated program management platform dRofus (www.drofus.com), has a strong
connection with Revit to synchronize spatial requirements and designed data. In a recent
development, dRofus has added the ability to also capture 3D model data with an integrated
IFC model server.

Jotne EPM model server integrated with dRofus

Model-based equipment validation in dRofus
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Pedestrian Simulation
Similar to the issue with coordination in Navisworks or Solibri, software that utilizes modelbased input can either be simple 3D geometry or data-rich. When software applications are
used to conduct pedestrian simulation, input data relies on the definition of building elements
such as doors, stairs, and escalators. Without a standardized data model, these control
elements must be recreated in the simulation software. Using the IFC data schema, the model
can be transferred without a loss of metadata. Arup’s technology division OASYS has created
a simulation tool called MassMotion that now utilizes IFC.

Airport simulation in MassMotion using IFC data exported from Revit
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Resources for Information Exchanges
There are several valuable resources available on the buildingSMART alliance website related
to various information exchanges and Revit. The landing page for Common BIM Files is
http://www.nibs.org/?page=bsa_commonbimfiles
You can also read a document prepared by the US Army Corps of Engineers about IFC
mapping issues in Revit here: http://projects.buildingsmartalliance.org/files/?artifact_id=4322
About COBie
Again, if you revisit the handout for my “Building Smarter Models” presentation, you will find an
overview of the concept of COBie and the various data drops (www.bimtaskgroup.org/cobiedata-drops). While most of the introductory information talks about the exchange, the real effort
in making the data usable is ensuring proper input. Remember, garbage in = garbage out. To
alleviate problems with inconsistent input, a COBie Guide has been developed. You can
download this document for free from the National Institute of Building
Sciences/buildingSMART alliance website: http://www.nibs.org/?page=bsa_cobieguide
Applying COBie to Revit
If you are on a design team that is obligated to provide COBie data, there are quite a few ways
to skin that fluffy kitten. For larger projects, I recommend a dedicated tool that specializes in
managing building asset information outside of Revit. One such platform is Ecodomus
(www.ecodomus.com), which now offers a free version including limited tablet capabilities.
For smaller projects, you have the opportunity to manage the data directly in Revit with the help
of the COBie Toolkit provided by Autodesk. (Search the web for “autodesk cobie toolkit”) The
toolkit consists of instructions, a COBie spreadsheet, some special families, and a Revit project
template. You can either start a new project using the COBie toolkit template or transfer the
special settings to an existing project. A Revit add-in is also provided that will help you apply
some of the more common parameters required in COBie.
Once you have established the required COBie parameters in a new or existing project, we’ll
take a look at the mechanics of the data preparation in Revit. The main tools you will use to
manage COBie data in Revit are schedules. These schedules will be exported to text files and
then copied/pasted into the COBie spreadsheet.
The COBie Revit template contains 8 schedules that you
can copy and paste into an existing project. The first
schedule to visit is “Components To Schedule.” This is a
simple ‘checklist’ in which you can set a Yes/No
parameter for each family (sorted by category). By
default, the Yes/No parameter is in a sort of state of limbo
– neither Yes nor No. You need to click on the families
you would like to include in the other COBie schedules.
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Because Revit only supports systems and zones in the MEP version, you may need to add the
special families provided in the toolkit to a site plan according to the instructions in the toolkit
documentation. Keep in mind that you will be required to enter all the required data in the
parameters provided.
To move the data into a COBie spreadsheet, export the schedules to text format and then copy
and paste the data into the respective worksheets according to the instructions in the
documentation.
Preparing Revit Models for IFC Export
One of the most common misconceptions is that the output from Revit to IFC is somewhat
unusable. Using the default exporter in previous versions of Revit, some geometry was prone
to errors; however, the new exporter seems to have eliminated all the geometry export errors.
Revit has a default IFC export command, but Autodesk has allowed the development team
behind this exporter to work in a more flexible way to deliver an alternative method to output
IFC. You can now download the open source IFC exporter from Sourceforge.net. Because this
is an open source project, anyone can contribute improvements to the source code. We have
seen remarkable progress on this tool and continue to monitor its performance.
To get the custom IFC exporter (for Revit 2013 and 2014), first go to
http://sourceforge.net/projects/ifcexporter. We recommend you enter your email address to
subscribe to updates. Click on the Files tab to download the files. Remember that there are two
installers per version – one for the exporter, and one for the export UI.
IMPORTANT: After installing the new exporter, find and delete the file:
C:\ProgramData\Autodesk\Revit\Addins\ADSK-IFCexporter.addin as this will conflict with
the new exporter.
The next step is to prepare the content in your Revit model. There are some basic settings
available in the Application menu by clicking Export > Options > IFC Options. In the IFC Export
Classes dialog box, you can assign the mapping of Revit categories (and sub categories) to
IFC classes.
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Wait…what’s an IFC class?
Unfortunately Revit does not have a built in library of the IFC schema to assist in creating your
own mappings. You will need to reference the schema from the buildingSMART International
website to identify the correct classifications and property sets.
Go to www.buildingsmart-tech.org to access the schema for IFC 2x3 or IFC4. From this site,
browse the schemas (Core, Shared, and Domain) to find the entity schemas most appropriate
for your model. Note that there is a difference between Type and Entity schemas – in Revit this
is the equivalent of types and instances.
As an example, let’s say we need to map an elevator family for proper IFC export. As you
know, there is no ‘vertical transportation’ category in Revit so you probably created the elevator
as a Generic Model. There are two ways to get this family to map to the IfcTransportElement
class.
The simplest method to specify the IFC mapping destination is to use object subcategories. In
the Generic Model family, create a subcategory called “Elevator” and remember to assign the
3D geometry to this subcategory. After you reload the family into the project, you will be able to
assign the subcategory in the IFC Export Classes dialog box as shown below.
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The drawback to this approach is that you must remember to save and transfer the IFC export
settings for other projects or other teams in your office.
The second method is a little more work, but easier to ensure consistent output. In a somewhat
undocumented feature, the IFC exporter will recognize the existence of two custom parameters
for IFC mapping:
IFCExportAs (the IFC entity class)
IFCExportType (the IFC type class)
These two parameters can be added to any family and they do not need to be shared
parameters. Create the parameters as named above and set them as Text. Refer to the IFC
schema website and enter the appropriate values in the family parameters.
IFC 2x3 start page: http://www.buildingsmart-tech.org/ifc/IFC2x3/TC1/html/
IFC4 documentation: http://www.buildingsmart-tech.org/ifc/IFC4/final/html/index.htm
(Make sure you don’t use the “release candidate” documentation for IFC4)
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You can also enter a value of “DontExport” in the IfcExportAs parameter to prevent a family
from being exported.
NOTE: When you use the IFC family parameters, they take precedence over any settings you
specify in the IFC Export Classes dialog box. Continuing with the elevator example, if we
established the family parameters as shown above, but established the Export Settings for the
Elevator subcategory as IfcFlowTerminal (see below), the export will use IfcTransportElement.
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Level of Development Specification
After two years of dedication and hard work, the first draft of the BIM Level of Development
(LOD) Specification is finally available for public comment. The work group responsible for this
important document is a joint task force consisting of members of the AIA (www.aia.org) and
the AGC of America’s BIMForum (bimforum.org).
Remember: DETAIL = INPUT and DEVELOPMENT = RELIABILITY
The AIA’s digital practice documents defines 5 fundamental levels of model development, but
offers only general definitions of what each level means. This new document offers more
detailed definitions of how model authors must create virtual components in order to satisfy the
requisite reliability. Building upon the AIA’s original LOD definitions, the LOD Specification can
be seen as a companion document – much the same way as a dictionary can be a companion
to both an author and a reader.
To complete the analogy, the AIA’s LOD definitions are like the elements of grammar (noun,
verb, adjective, and so on). The LOD Specification is a dictionary with definitions of specific
nouns, verbs, and adjectives. Putting them together in a story is tantamount to generating a
model element table for a project.
Go to bimforum.org/lod to download your free copy today.
LOD100 = “Estimate it”
LOD200 = “Specify it”
LOD300 = “Bid it”
LOD350 = “Buy it”
LOD400 = “Manufacture/install it”
LOD500 = “Operate/maintain it”
Here’s an example applied to a model object such as a light fixture:
100: cost assumption or non-descript object (light fixture)
200: light fixture, generic type (troffer)
300: 2x4 troffer, specified size/shape/location
350: Lightolier DPA2G12LS232, specific location and quantities
400: As 350, plus mounting/installation geometry
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Applying LOD in Revit
In this section, we will explore some of the ways you can utilize various levels of development
in Revit.
One of the most difficult concepts to explain is actually the lowest level of development –
LOD100. The LOD Specification group spent many weeks debating whether 100 was a
massing model, whether there could be a LOD100 definition for a Uniformat Level 4 building
assembly, or if LOD100 could be achieved even without a model! In the end, it was agreed that
100 would definitely be some sort of 3D geometry, but it could be part of some other model
element. Think of the structural framing layer in a wall or roof type definition. Although the
depth or thickness of the structural layer may be as accurate as you can make it, the layer is
not a dedicated structural element to be quantified or scheduled.
At LOD200, model elements are developed that are generic in nature. With this definition, most
of the content in the Revit library provided by Autodesk would comply with 200. Geometric
elements of nominal size can help define the overall scope of the project and would support the
assignment of various performance or specification parameters.

Moving on to 300, systems would need to be more specific, but not necessarily the actual
(manufacturer/model) characteristics. This is where you’ll find a subtle difference in the LOD
Specification in the use of the terms “specific” and “actual.” To be honest, I always thought that
– in the original AIA E202 definitions – the term “specific” meant ‘manufacturer-specific.’ But
through our group deliberations, we came to the consensus that at 300, “specific” really means
“specified” and therefore “actual” means manufacturer-specific. When a model is shared with
potential bidders in a design-bid-build scenario, the maximum level of development that can be
offered is LOD300. Return to the light fixture example earlier in this document for clarification
on this concept.
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Once a specific manufacturer and model is selected, more detailed and accurate model
elements can be added or supplemented to the project. During the group deliberations,
LOD350 was often referred to as “enhanced coordination.” LOD350 is optimally used for
building components that don’t typically get modeled by fabricators or subcontractors. Those
elements would be modeled to LOD400.
In the presentation, we will discuss some hypothetical methods for managing LOD in a model
and for verification of the levels by model recipients. As of the writing of this paper, no known
means exist to automate the application of LOD parameters.
In the next section, you will learn about two organizations that have already embraced the LOD
concept in order to better control the quality of model deliverables and manage the
expectations of all project stakeholders.

Case Study 1: New York City Dept. of Design & Construction
One application of levels of development is included in the BIM Guidelines issued by the New
York City Department of Design and Construction (DDC). The DDC acts as an agent to city
government agencies in the design and construction of projects such as libraries, fire houses,
and correctional facilities. The DDC BIM Guidelines can be downloaded for free from the
following website:
http://www.nyc.gov/html/ddc/html/pubs/publications.shtml
In the DDC BIM Guidelines, BIM uses are defined in a manner that is similar to other industry
guidelines such as Indiana University and NATSPEC in Australia. As usual, design and
construction teams must submit a BIM execution plan to indicate which BIM uses will be
implemented according to the guidelines. They also dive into levels of development by system.
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The levels of development are properly defined in accordance with the original definitions in the
AIA E202 document. In the section titled Submission Requirements the DDC states, “The table
provided on the next page describes the types of models and any analysis files expected at
each submission.” The only confusing aspect to this table is that the design phases are
equated with specific levels of development. There is no such thing as a LOD100 model. Any
milestone model deliverable will contain a combination of model elements at various levels of
development.

As a saving grace, an appendix of the DDC BIM Guidelines include a table of major building
systems and the assignment of various model features or parameters that must be developed
at various levels.

15

Applying Open Standards and LOD to BIM

Case Study 2: US Army Corps of Engineers
“Minimum Modeling Matrix” or M3
The US Army Corps of Engineers has recently released their Minimum Modeling Matrix or "M3"
- available at cadbim.usace.army.mil. This document is a spreadsheet that contains three
worksheets: Instructions, Modeling Requirements, and Scope-LOD-Grade.
The USACE M3 document utilizes the AIA LOD definitions and classifies the built environment
with a minimum level of required information from design and construction teams.
They did a nice job in categorizing the built environment their own way and then including
references to OmniClass, Uniformat, AND MasterFormat. You can even filter the Scope-LODGrade worksheet in column A to show different level of specificity (as in Uniformat, Level 1, 2, 3
and 4).
LOD gets a 'Grade'
USACE has utilized only the 200 and 300 levels of development, and has limited use of 100.
They specify the LOD in only one column and then they have introduced a concept of 'grade'
as an additional qualifier to the LOD. Here's the explanation of the Grades according to
USACE:
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A = 3D + Facility Data
B = 2D + Facility Data
C = 2D Only (drafting, linework, text, and/or part of an assembly)
+ = Original grade (A, B, or C) adjusted for contract changes and field conditions
When you put the LOD together with Grade, you get an interesting interpretation of the original
level of development scheme.

You can see in the sample above that within Fixed Furnishings, it would be acceptable to
include Window Treatments in the model as generic-2D elements (200-B), whereas Casework
must be specific-3D elements (300-A).
Also note that Record Modeling and As-Builts are included in the USACE minimum
requirements. There is often a question in our industry about the difference between the two
and my opinion is as follows:
Record Model - Design model that has been updated with any recorded changes (usually via
RFI or Change Order) during the construction process. The model is NOT updated with in-field
conditions. This seems pretty straight-forward for geometry - much different when you're talking
about data.
As-Built - Design model OR fabrication model that has been updated according to installed
conditions. Again, if we're talking about data, that usually means serial numbers and other
detailed information that would not be part of the design model.
At an Autodesk University panel presentation, the team from USACE clearly explained that
they see the Record Model and the As-Built Model as THE SAME THING. Notice in the image
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above that the column heading is "RECORD MODEL (AS-BUILTS)." Remember this if you are
working or will be working on a USACE project in the near future.
Modeling Requirements
The CAD/BIM team at USACE has also created a worksheet for "Modeling Requirements" that
lists a very broad statement for each major building system - organized to Uniformat Level 2
specifications. This presents a potential 'scope-creep' situation for design teams in that the
Modeling Requirements do not describe different levels of modeling specificity. This type of
modeling specification is being examined by the LOD Specification Workgroup of the AGC and
AIA mentioned in the All Things BIM article above.
Why is the Modeling Requirements table potentially dangerous to a design team's scope of
work? Here's an example...if we look at D40 Fire Protection, the requirements are as follows:
"All Fire Protection elements including all piping, valves, and seismic bracing shall be modeled
with necessary intelligence to produce plans, elevations, building/wall sections, riser diagrams,
and schedules where applicable."
At a more generic level of development (200), an engineer would likely not include valves and
seismic bracing; therefore, where do these requirements apply? These and other issues will
undoubtedly be refined as the USACE starts to receive model deliverables under this new
system.
In summary, The M3 was developed in a joint effort with participants from various industry
sectors and I believe it holds great promise in preparing the industry with examples of high
quality, consistent model deliverables.

Additional Reading
All Things BIM (www.allthingsbim.com) by James Vandezande
www.allthingsbim.com/2012/03/moving-forward-with-lod.html
www.allthingsbim.com/2013/05/lod-specification-is-here.html
The Military Engineer, November-December 2012
“Boosting MILCON Project Performance”
www.themilitaryengineer.com/tme_mag/10_2012/tme_novdec_2012.pdf
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Bonus Material
The following material is some background information from an earlier presentation I shared that
sets the stage for the discussion on the benefits of using open standards.
What’s a “standard?”
Let’s begin by asking a very basic question: what is the difference between a standard, a
guideline, and a requirement? The Merriam-Webster dictionary offers the following definitions:
Standard (noun) : something established by authority, custom, or general consent as a model or example
(criterion); something set up and established by authority as a rule for the measure of quantity, weight,
extent, value, or quality.
Guideline (noun) : an indication or outline of policy or conduct.
Requirement (noun) : something required; something wanted or needed (necessity); something essential
to the existence or occurrence of something else (condition)

As you can see, each definition has a similar theme – establishing parameters against which
something can be measured. The only outlier might be a “guideline;” however, a guideline may
be referred to by a jurisdictional requirement (i.e. you are required to follow the national BIM
guidelines…). For the purpose of this presentation and document, we will refer to technology
and information exchanges as “standards” and all other procedural information as “guidelines.”
Open BIM Standards
A frequent inclusion in many BIM guidelines – especially with public and government
organizations – is the use and/or delivery of open BIM standards. In most cases, this takes the
form of Industry Foundation Classes or IFC. Here are some excerpts from the buildingSMART
International web site (www.buildingsmart.com) explaining IFC:
Industry Foundation Classes, IFC, are the main buildingSMART data model standard. The IFC format is
registered by ISO as ISO/PAS 16739 and is in the process of becoming an official International Standard
ISO/IS 16739.
‘Open’ is the key to the real value of our buildingSMART standard. IFC can be used to exchange and
share BIM data between applications developed by different software vendors without the software
having to support numerous native formats. As an open format, IFC does not belong to a single software
vendor; it is neutral and independent of a particular vendor’s plans for software development.
For this reason, we say that our organisation – buildingSMART – is ‘the home of open BIM’.
Every implementation of an IFC exchange should follow what is known as an ‘exchange requirement’.
This requirement specifies the information that needs to be present in an exchange or sharing of data at a
certain stage in a project. It is important to be specific about the information needed. The exchange
requirement prevents woolliness and uncertainty.
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How can designers and other software users be sure that the software in use is compliant with the open
IFC standard and truly interoperable? At buildingSMART we run a certification scheme that tests software
products to check that they meet the IFC standard and clarifies the scope of their interoperability. The
scheme was revamped in 2010 to make it more stringent and indicates precisely what parts of the
product work interoperably.
Visit http://buildingsmart-tech.org for more information.

One of the primary tools that function as a hub for various software implementations and
language interpretations is the buildingSMART Data Dictionary (also referred to as IFD –
International Framework for Dictionaries).

Data Dictionary IFD
As they design and construct buildings, professionals need to work interoperably with each other. But
how does a software application talk to a product database? How can a designer be sure that the
engineers understand the attributes attached to his design? How can design standards from overseas be
incorporated?
The buildingSMART Data Dictionary is the mechanism that enables this to happen. It creates a catalogue
of what objects are called (the ‘vocabulary’) and brings together disparate sets of data into a common
view of the construction project or asset, whether information from a product manufacturer, typical room
requirements, cost data or environmental data. It can also cope with different languages.
The Data Dictionary is based on a concept developed by the standards organisation ISO, notably in ISO
12006-3: 2007 (Building construction: Organization of information about construction works, Part 3:
Framework for object-oriented information). Thanks to the Dictionary, open BIM data can be linked to
data from many sources, improving interoperability and paving the way for analysis and design checks at
an early stage of the project.
Visit http://ifd.buildingsmart.com for more information
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Standard for Processes
The buildingSMART standard for processes (formerly known as the Information Delivery Manual or IDM)
specifies when certain types of information are required during the construction of a project or the
operation of a built asset. It also provides detailed specification of the information that a particular user
(architect, building services engineer etc) needs to provide at a point in time and groups together
information that is needed in associated activities: cost estimating, volume of materials and job
scheduling are natural partners.
Thus the buildingSMART standard for processes offers a common understanding for all the parties: when
to exchange information and exactly what is needed. The linked Model View Definition or MVD turns the
prerequisites and outcomes of the processes for information exchange into a formal statement. Software
developers can take the standard and specific Model View Definitions that derive from it and incorporate
them into their applications.

The detailed information for this is described in the ISO standard:
ISO 29481-1:2010 Building information modelling -- Information delivery manual -- Part 1: Methodology
and format

More information can be found at http://iug.buildingsmart.com/idms
Model View Definitions (MVD)
An IFC View Definition, or Model View Definition, MVD, defines a subset of the IFC schema, that is
needed to satisfy one or many Exchange Requirements of the AEC industry. The method used and
propagated by buildingSMART to define such Exchange Requirements is the Information Delivery
Manual, IDM (also ISO/DIS 29481).
An IFC Model View Definition defines a legal subset of the IFC Schema (being complete) and provides
implementation guidance (or implementation agreements) for all IFC concepts (classes, attributes,
relationships, property sets, quantity definitions, etc.) used within this subset. It thereby represents the
software requirement specification for the implementation of an IFC interface to satisfy the exchange
requirements.
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Whereas the general exchange requirement is independent of a particular IFC release, the realization (or
binding) within the model view definition is specific to an IFC release.
Model View Definitions are either defined within buildingSMART International, or by other organizations
and interest group. MVD's defined externally are not considered as buildingSMART MVD's until they are
submitted to buildingSMART International, reviewed by the buildingSMART teams and finally accepted.

So, how does this all relate? An information exchange
process is described in human-readable terms in an IDM.
The process is then translated into a model view
definition (MVD) for implementation by software
developers. The exchange is then tested by
buildingSMART International for compliance.

Detailed information about IDM/MVD is available here:
http://buildingsmart.com/standards/idm/mvd/mvd-process
How are MVD's manifesting in today’s BIM platforms?
In Revit 2013, see IFC export types

The Open BIM™ initiative is a marketing campaign initiated by Graphisoft, Tekla and other
members of the buildingSMART community to facilitate globally coordinated promotion of open
data standards. What’s interesting about this initiative is the requirement that software vendors
– and AEC organizations using products from such vendors – must “fully support the actual IFC
coordination view standard.”
What's wrong with IFC usage?
Many Revit users will commonly claim that IFC exchange doesn’t work. This is not indicative of
a problem with the data standard, but how software developers implement the standard. A
significant problem is that the current certification process is flawed. Essentially, it only verifies
that data exported meets the standard – not whether it was the correct data to begin with. In
other words, if you export a model to IFC and the export doesn’t have any floors, it still passes,
as long as everything else in the model is classified correctly. A new certification mechanism is
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being developed to support IFC version 4 that should remedy this flaw. Visit the following site for
more information: http://www.buildingsmart-tech.org/certification/ifc-certification-2.0
From Brian Lighthart on IFC LinkedIn Group (http://lnkd.in/hFRAGm):
“Your comments also point up the possibility that IFC gets much of the criticism that ought to be levelled
instead at software implementations of it. IFC's capability extends well beyond what the end users
(modellers in design, construction, and facilities management offices) see in the software they use to
write and read IFC files. Discussions like this one can help bring practitioners, software authors, and
researchers like yourself to better understanding of the tools we try to apply, and each others' concerns.
Thanks for your participation.”

What about COBie?
Many BIM requirements I have reviewed recently stipulate that BIM will be delivered for the
purpose of supporting facility management handover. If no additional information is provided,
the owner may not necessarily know how the design and/or construction model is to be used or
integrated with a facility management system. As the FM side of our industry gets up to speed
with the integration of model data, an open standard has been developed to transfer nongeometric information between BIM and FM – the Construction-Operations Building Information
Exchange or COBie.
COBie is a data standard, but it is usually manifested in a spreadsheet. If you open a sample
COBie spreadsheet, you will see that the information is configured in a hierarchical manner that
starts at the site and progresses to building, level, zone, room and then component.
Before you agree to deliver COBie data on any of your projects, be sure to agree to terms on
the parties responsible for providing the requested information. Some requirements can be as
vague as simply asking for a COBie spreadsheet. Others, such as Indiana University, stipulate
which specific types of COBie data are required at each project milestone.
An interesting description of milestone information deliverables was recently published by the
UK BIM Task Group. Their view of ‘data drops’ seems to combine COBie with level of
development (LOD).
http://www.bimtaskgroup.org/cobie-data-drops/
Visit the Whole Building Design Guide for more info on COBie:
http://www.wbdg.org/resources/cobie.php
Autodesk COBie Toolkit for Revit:
http://usa.autodesk.com/adsk/servlet/oc/offer/typ?siteID=123112&id=18070390&section=1
(See the next page for graphics on COBie deliverable stages from the Whole Building Design
Guide website.)
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The following graphics indicate the type of information that should be provided at various stages
of facility design and construction. Note the difference between what is provided by DESIGN
and BUILD and which values are considered COMMON.
Early Design Stage:

CD Design Stage:

Product Installation Stage:

System Commissioning Stage:

Graphics from Whole Building Design Guide www.wbdg.org/resources/cobie.php
© 2012 National Institute of Building Sciences
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Owner Requirements
A great way to become more familiar with the techniques required to build smarter models is to
review the BIM requirements developed by some of the larger institutions and organizations.
Such requirements are no longer focused on file naming and layer standards, but on achieving
improved results.
The following is a list of some well written owner requirements for BIM:
GSA – www.gsa.gov/bim
Indiana University - www.indiana.edu/~uao/iubim.html
Dept of Veterans Affairs - www.cfm.va.gov/til/bim/BIMGuide
NATSPEC Australia - bim.natspec.org
State of Wisconsin - www.doa.state.wi.us
US Army Corps of Engineers - https://cadbim.usace.army.mil/
Department of Defense MHS Minimum BIM Requirements http://www.tricare.mil/ocfo/_docs/BIM-UFC-RequirementDetails.pdf
San Diego Community College - www.sdccd.edu
State of Ohio - das.ohio.gov
Common Requirements
Achieving improved results is the overall objective of the owners’ requirements listed above, but
how do they intend to get there? Here are just a few of the requirements that are common to
most of these organizations:






IFC Compliance
Energy analysis
3D coordination
Programming
integration/validation
Geo-referencing




BIM Execution Planning
Compensation shifting (earlier
payment):
o State of Wisconsin
o State of Ohio
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Model Development
Since June 2011, the AGC BIMForum and the AIA have been collaborating in a work group to
further refine the definitions associated with LOD – referred to as either ‘level of detail’ or ‘level
of development’ (more on that later). This refinement is aimed at producing a catalogue to be
used by BIM authors as a benchmark for minimum input and by model recipients to understand
how model data can be utilized for analysis, fabrication, and other downstream tasks. In other
words, when a project stakeholder asks for a light fixture at LOD300, this guide will tell the
author that it must have manufacturer specific geometry and attributes and be placed accurately
in the project model. It will also inform the receiving party (builder, estimator, owner, etc.) that
the element can be purchased, but not necessarily fabricated or installed from the model (that
would be LOD400).
What Is “LOD?”
First, let’s get our terminology straight. According to the AIA E202 document, LOD is defined as
“level of development.” It does NOT mean “level of detail;” however, this is an important
concept. Unfortunately, the choice of words makes for increased confusion over the acronym,
but there definitely is a difference.
Level of detail is the amount of information and geometry provided by the content author or
other project participant. There can always be a higher level of detail in a project model than
what is realistic to be used by others in a downstream workflow. Level of development is the
maximum amount of information and geometry that is authorized for use by others.
Expressed in different terms:
DETAIL = INPUT and DEVELOPMENT = RELIABILITY
One of the first tasks the LOD Catalog work group tackled is a refinement of the main LOD
definitions according to the AIA.
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The Level of Development Definitions are produced by the AIA and have been used here by permission. Copyright ©
2011. The American Institute of Architects. All rights reserved.

100

Conceptual. The Model Element may be graphically represented in the Model with a symbol or
other generic representation, but does not satisfy the requirements for LOD 200. Information
related to the Model Element (i.e. cost per square foot, tonnage of HVAC, etc.) can be derived
from other Model Elements.

200

Generic Placeholders. The Model Element is graphically represented within the Model as a
generic system, object, or assembly with approximate quantities, size, shape, location, and
orientation. Non-graphic information may also be attached to the Model Element.

300

Specific Assemblies. The Model Element is graphically represented within the Model as a
specific system, object or assembly accurate in terms of quantity, size, shape, location, and
orientation. Non-graphic information may also be attached to the Model Element.

400

Detailed Assemblies. The Model Element is graphically represented within the Model as a
specific system, object or assembly that is accurate in terms of size, shape, location, quantity,
and orientation with detailing, fabrication, assembly, and installation information. Non-graphic
information may also be attached to the Model Element.

As the catalog is being developed in sub-groups for structure, exterior enclosure, interiors, and
MEP, the detailed definitions are constantly cross-checked against the main LOD definitions.
LOD 500 is intended for model data that can be used for facility management and operation.
Since that means so many things to so many people in the industry today, the work group has
decided to address that in the next phase of catalog development.
No Such Thing as an “LOD### Model”
LOD is based on assemblies – NOT entire models. In my opinion, the easiest way to
understand this is to separate the milestone deliverables from your thinking about LOD’s. In
other words, don’t think that schematic design = LOD100; design development = LOD200; and
so on.
At any given project milestone, you will likely have a combination of LOD’s. For example, at the
end of construction documents, the interior walls and doors might be at LOD300, furniture is at
LOD200, and information about electrical fixtures is only supplied as an allowance per square
foot; thus LOD100.
Let me explain this a little further with an example many firms are using (including some folks at
HOK). Below is a screenshot from an LOD modeling guide offered by one of the participants in
the LOD work group. I won’t use the person’s name or the firm name, but I certainly do not
mean any disrespect by using this example (many others make the same assumption).
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In this image, a progression in LOD is assumed to be aligned with the development of the
project design – probably from SD to DD to CD. However, if you look closely at the difference
between the “Level 200” and “Level 300” plans, elements like the plumbing fixtures seem to be
the same model object. How can that be if the deliverables are at two different LOD’s? What if
instead we label the plans as “SD Floor Plan,” “DD Floor Plan,” and “CD Floor Plan?” In the
example above, you might know exactly what manufacturer and model number the plumbing
fixtures will be (‘buy it’), so that assembly will be listed at LOD300 in the DD and CD
deliverables.
In contemplating the LOD concept as it relates to any assembly or component in a project
model, I developed the following simple terminology to help industry stakeholders better
understand the intended uses of model data:
LOD100 = Estimate it
LOD200 = Specify it
LOD300 = Buy it
LOD400 = Build or install it
LOD500 = Operate or maintain it
The above list simplifies the concept of authorized uses. Essentially, what you should be able to
do with an object given a certain amount of input information.
Does LOD Imply Time?
Another misconception about LOD is that it implies an ‘in progress’ state of content. For
example, you might think that LOD200 means that you are placing manufacturer-specific
content in your model, but you are still in an early phase of design such that quantities and
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locations are not finalized. In this case, the correct LOD assignment would be LOD300 with the
understanding that at design milestones quantities and locations will be in flux.
Here’s another twist, if you are working on a project that will be competitively bid – essentially,
design-bid-build – what LOD would you use for final construction documents? If you think about
it, specifications for bid projects usually allow for (or require) a list of alternate products (Wicks
Law, New York state). As such, even if you are using a model component provided by a specific
manufacturer, the level of development (reliability) can only be at a generic level – LOD200.
This may seem counter-intuitive, but a full understanding of these levels is going to form the
foundation of ‘good input’ for the industry to start realizing improved interoperability.
How do you verify LOD?
The LOD Catalog work group intends to submit their work product to the next version of the
National BIM Standard US (www.nationalbimstandard.org). As with any standard, there must be
a way to verify that models comply with the agreed upon LOD’s stipulated in a model element
table included with a project or BIM execution plan. On the data side, it’s quite simple: the
minimum required attributes can be verified with some software tools such as Solibri Model
Checker. For the geometry, how can you confirm that a series of model elements meet the LOD
standard? One way might be to establish a system in which the equipment manufacturers
establish a maximum bounding box for their element and any associated clearance zones.
Then, a web-service could query an international database to verify that the element in the
design model is compliant with the manufacturer’s size specifications. This is perhaps within the
domain of buildingSMART International’s new Product Room. We’ll keep an interested eye on
how this develops in the near future.

29

