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1. Background 

 
Original 3-D CAD models created by architectural firms are normally in the proprietary format 

of whatever design software was used (e.g. CATIA, Revit, FormZ, etc.). These are the most 

authentic and accurate models included in the archive, but are typically short-lived since the 

software to read and visualize them is proprietary and changes frequently. With many CAD 

software platforms, a model is obsolete within a few upgrades, or about five years. Older models 

can often be imported into newer versions of the software, but that process will change the model 

in subtle ways
1
 and continues to be at risk of obsolescence soon after.  

 

The solution adopted by the FACADE project was to export the 3-D CAD model from the native 

software into one or more ISO standard formats for 3-D models. We recognize that these exports 

can introduce changes to the model and are not strictly authentic, but they have a far greater 

chance of survival over time since they can be viewed with standard tools and imported into any 

number of other CAD software systems (including their originating software) in the future. The 

standard formats we identified include:  

 IFC
2
, the Industry Foundation Classes maintained by buildingSMART International as ISO 

16739, is the preferred format, since it is widely accepted by the Architecture, Engineering 

and Construction (AEC) industry and supported by the popular CAD software used by that 

industry.  

 STEP
3
, or the Standard for the Exchange of Product model data, maintained by ISO 

Technical Committee 184 SC4 as ISO 10303, the international standard of 3-D CAD data in 

the engineering community. 

 IGES
4
, the Initial Graphics Exchange Specification, an earlier standard published by the U.S. 

government to support CAD data exchange, but not deprecated in favor of STEP. IGES has 

been available since 1980 so it is supported by almost every CAD software system available, 

and is a very simple and well-liked data standard. 

 3D PDF from the Adobe company
5
, which is a de facto standard for display of 3-D data in 

digital documents and on the Web, but strictly for surface geometry. Adobe provides 3D PDF 

import tools for many common CAD programs and for the IFC, STEP and IGES standard 

formats. 

 

We recommend that each native 3-D CAD model archived be converted into either IFC or STEP 

(in that order of preference, based on the export capabilities of the native CAD software), into 

IGES, and into 3D PDF for display.  

Architecture differs from normal "product" engineering such that STEP contains only a limited 

number of "application protocols" (or "parts") useful to the needs of architectural design and 

construction projects. It was for this reason that the AEC domain elected to initiate the Industry 

Foundation Classes (IFC) standard initiative, based on certain principles and expression 

languages available from STEP. Since IFC was developed specifically for architecture and the 

                                                 
1
 In 2006, the European aerospace giant Airbus lost $2.5 billion dollars in an error with its A380 airplane design, due 

largely to incompatibilities between different versions the CATIA CAD software used by different parts of the company. 

(CATIA version 5 represented a major change to the software from version 4). 

http://www.bloomberg.com/apps/news?pid=20601085&sid=aSGkIYVa9IZk  
2
 http://www.ifcwiki.org/index.php/Main_Page 

3
 http://www.tc184-sc4.org/SC4_Open/SC4%20Legacy%20Products%20(2001-08)/STEP_(10303)/ 

4
 http://en.wikipedia.org/wiki/IGES 

5
 http://www.adobe.com/manufacturing/solutions/3d_solutions/ 
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AEC industry, and is widely supported by the most popular CAD tools used by that industry, we 

recommend choosing IFC as the standard format when it is available. For CAD software that 

only supports export to STEP, it is an acceptable alternative to IFC.  

 

The inclusion of IGES here is to recognize that IFC and STEP are both complex, heavy-weight 

standards that may introduce changes to the model, while IGES is a much simpler standard to 

represent surface and solid geometry only (e.g. it does not support parametric data nor other 

information that will be included in BIMs). Thus IGES fits into the category for preservation 

formats referred to as ñdesiccatedò and should be consider a lowest-common-denominator ñfall 

backò format if the richer, more complex data formats prove unreliable over time. This is 

equivalent to recommending that word processing files be stored in both XML and plain ASCII 

text (in case the XML markup itself proves problematic in the remote future). 

 

The following report provides initial instructions for exporting 3-D CAD models from the native 

CAD software that the FACADE project used, and into the standard formats listed above. The 

procedure is both straightforward (i.e. ñsave asò) and complex, since how to specific what to 

export from the very complex representations inside CAD software requires understanding both 

the software capabilities and the design intent of the model creator. These instructions were 

prepared by architects familiar with the software, and we recommend that any changes and 

improvements to these instructions be similarly reviewed by practitioners familiar with the goals 

of using CAD in building design. 

 

2. File Selection and Retrieval 

 
Files selection is the initial process in a projectôs archiving.  Each project is unique and can 

contain thousands of files with gigabytes of information.  The file system acquired from a project 

must first be parsed for relevant structure, hierarchy and key information.  The following section 

outlines steps involved in selecting significant files and the strategies used to date.   

 

First, a number of file types should be identified as relevant and likely to be found in any 

architectural project.  The following list outlines Design Objects and Other Selected Objects that 

should be identified by a curator or research assistant.   

 

o Design Objects (Selected by research assistant): 

Á 2-D Drawings  

Á 2-D Drawing Sets 

 Presentation Sets, Construction Documents 

Á 3-D Models 

Á 3-D Model Sets  

 Competition Sets, Presentation Models, Fabrication Models 

o Other Selected Objects (Selected by the curatorôs team): 

Á Images 

Á Presentations 

Á Project Books 

Á Specifications 

Á Renderings 
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Á Sketches 

Á Indexes 

 

Our experience to date is characterized by non-architects parsing through file structures with 

little or no ability to open 2-D or 3-D files.  The following information describes our process for 

selecting important files without an automated sorting process and without the necessary 

software to open many of the propriety formats.  

 

2.1 Selection Process: 

 
The selection process is described with a bias towards the selection of design objects and 

primarily focuses on the task of the research assistant or an equivalent person who is 

knowledgeable of the subject.  This process includes four main steps to gather files for further 

evaluation.  These steps have been outlined briefly and will be further discussed in section 2.2 

Evaluation Criteria.  The steps are meant to be a rough guideline for deciding which files are 

most significant and therefore should be exported to standard formats for archiving. 

 

Step 1: Navigate through the entire directory structure.  In each directory look for particular 

formats and naming conventions that are likely to be use for design objects.  See 2.2a on Formats 

and 2.2b on Naming for more information. 

 

Step 2: Check file characteristics for size and date.  The identification and selection of design 

objects leans towards larger file sizes with the understanding that a larger size usually means 

more information and a more comprehensive file.  For example, if two files are discovered with 

the same name, the file with a larger file size will be selected.  This holds true with dates as well.  

The more recent the fileôs date the more likely it is to be currently relevant.  Neither of these 

techniques is foolproof, however they are an initial step in aiding the selection processes.  

 

Step 3: Endeavor to view the contents of the file whenever possible.  This includes having the 

correct software installed, having the correct and up-to-date version of the software and being 

capable of operating in the softwareôs environment.  If this step is possible it can be the most 

influential in comparing and selecting files because it gives a first hand look at the size, quality 

and extent of the file.  For example, when comparing two files, look for one that has more layers 

and one that incorporates a larger portion of the building. See 3.1 Software for more information. 

 

Step 4: Identify index files.  Index files may be the single most important element for the 

selection process. Index files can usually be found as the first drawing in a construction 

document and act as a context page for titles and included drawings.  These files identify 

categories of objects, important dates, organization of drawing and models sets, building zone 

and phases. See 2.2a Formats for more information. 

 

Note: Contacting an authority that may know file naming conventions can be vital for the 

selection process.  This can provide insight for deciding the value of a file and its specific 

context within the project as a whole.  The following is a list of authorities in order of 

preference: 

 

1. A project index file 
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2. Someone from the architecture firm 

3. A professor of architecture 

4. A student of architecture 

  5. AIA naming standards, conventions and best practices 

 

2.2 Evaluation Criteria: 

 
After selecting a number of candidate files the following format and naming techniques can 

evaluate their merit.  These criteria should not be seen as a secondary procedure, rather it should 

be integrated into the four selection process steps as a high level of criteria based on common file 

formats and naming conventions.  These common conventions can help evaluate between similar 

files and judge criteria for selecting only the most important files to be carried forward for the 

derivative creation process.  See 3.2 Notes & Background: Derivative Creation. 

 
2.2a Formats: A number of common 3-D and 2-D drawing formats are listed. 

o 3-D Model Formats 

Á CATIA ( .model, .CATpart, .CATproduct) 

Á Digital Project ( .model, .CATpart, .CATproduct) 

Á Revit ( .RVT) 

Á FormZ ( .FMZ) 

Á Rhino ( .3dm) 

Á Maya ( .MA) 

Á Microstation ( .DGN) 

Á Generative Components( .DGN) 

 

o 2-D Drawing Formats 

Á AutoCAD ( .DWG) 

Á Microstation ( .DGN) 

Á Rhino (3dm) 

 

o Image Formats 

Á  Most common formats, including: (JPG, PNG, GIF, TIFF, PDF).  

o Presentation Formats 

Á Microsoft PowerPoint is the most common format used for these documents. 

Other formats used include PDF and Movie formats. 

o Renderings Formats 

Á Image Formats (JPG, PNG, GIF, TIFF) and PDF are common format for 

these. Also often used are proprietary software formats that are specific to 

rendering.  

o Sketches Formats 

Á Image Formats (JPG, PNG, GIF, TIFF) and PDF are the most common format 

for these. 

o Project Book Formats 

Á PDF is by far the most common format for these. Microsoft Word, 

PowerPoint, and other documentation formats are also used. 

o Specification Formats 
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Á PDF is by far the most common format for these. Microsoft Word, 

PowerPoint, and other documentation formats are also used. 

o Index File Formats 

Á The most common formats used for crucial project document indexes are 

Microsoft Office formats (Word, Excel), .txt, PDF or DWG are used often. 

 

2.2b Naming: Naming conventions vary by project and can usually be identified within the 

Index File.  Discovering a system for naming is crucial for discovering pertinent building zone, 

phases, architecture disciplines, key dates, file names and the names of the creator.  Once 

identified, naming conventions can give clues for finding other important files and can help 

decode the overall file structure for important hierarchies. 

 

3. Derivative Creation 
 

3.1 Software for Design Objects 

 
Software is a key ingredient for selecting objects, creating derivative files and largely influences 

the overall project preservation possibilities.  Software provides the direct environment for input 

and output of files and is the main source of creation for the architectural team.  Further, it 

provides an avenue for standard format creation and a window into the overall design intent for 

any given project.  Needless to say, software is a vital artery and understanding the details of 

each software environment becomes crucial. 

 

As previously noted, there are a number of software packages that provide 2-D and 3-D 

environments for architectural creation.  Every software tool has unique import/export options, 

modeling capabilities and seemingly endless versions.  When a design object has been selected 

from the selection process, identifying and utilizing the required software is the next step.  The 

following includes pieces of information about software versions, formats and purchasing that 

will most likely be important for design object derivative creation. 

 

3.1a Version Control: Software companies continuously release new versions and therefore 

impact the existing files that were created with out-dated versions.  With most software there is a 

simple process of updating files.  For example, in REVIT, when a file that was created with a 

previous version is opened, the software will automatically update the version and give the user 

an opportunity to save.  This process dramatically increases the time needed to open a file and 

can approach unmanageable wait time with less powerful machines.  Not all software packages 

will automatically update a file.  It is sometimes required to manually update the file and usually 

requires pressing a button on screen to initiate the process.  In most cases, this is the only option 

available because all other options are restricted until version updating has completed.  

 

Note: Version updating may have a limited scope.  For example, a file that is significantly out of 

date may not be possible to update due to restriction in the software and limited compatibility 

with many previous versions.  To date this has not been an issue but it could potentially cause 

problems for the derivative process. 

 

3.1b Purchasing Software:  Purchasing software may be necessary depending on the utilized 

packages and the available software.  Software prices can run from several hundreds of dollars to 
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several thousands of dollars and includes a variety of licensing restrictions.  These restrictions 

can include; installation on a limited number of computers, limited lifespan or renewal fees as 

well as limited import/export options.  Maintaining up-to-date software requires both 

downloading or purchasing new license files, and possibly contacting the software manufacturer.  

See 3.3 on More Information for specific software purchasing information.  

 

3.1c Capabilities: The following list includes a rough outline of each software systemôs 

dominant capabilities.  

 

CATIA ï Parametric Modeling Software  

Digital Project ï Parametric Modeling Software  

Revit ï BIM 3-D Modeling and CAD 

Form Z ï 3-D Modeling  

Rhino ï NURBS Modeling and CAD 

Maya ï Mesh Modeling and Dynamics 

Bentley Microstation ï CAD and 3-D Modeling 

Generative Components ï Parametric Modeling Software 

AutoCAD ï CAD and 3-D Modeling 

Adobe Acrobat Pro ï 3-D and 2-D viewing/printing 

 

 

3.1d More Information : A number of software manufacturer websites have been listed below.  

Software can sometimes also be obtained through a University or Institution, contact the 

Computing Resources Department for more information.  

 

CATIA ï http://www.3ds.com/products/catia 

Revit ï http://usa.autodesk.com/adsk/servlet/index?id=3781831&siteID=123112 

Form Z ï http://www.formz.com 

Rhino ï http://www.rhino3d.com 

Maya - http://usa.autodesk.com/adsk/servlet/index?id=7635018&siteID=123112 

Bentley Microstation ï http://www.bentley.com/en-US/ 

Generative Components - http://www.bentley.com/en-

US/Promo/Flash/GenerativeComponents.htm 

AutoCAD - http://usa.autodesk.com/adsk/servlet/index?siteID=123112&id=2704278 

Adobe Acrobat Pro - http://www.adobe.com/products/acrobatpro/ 
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Table 1: Software Export Capabilities:  

 
 

' STEP IFC IGES 3D PDF PDF 

CATIA YES NO YES YES (Through IGES or STEP) NO 

FormZ YES NO YES YES (Through IGES or STEP) NO 

Revit NO YES NO YES (Through IFC Only) NO 

Microstation YES NO YES NO YES 

AutoCAD NO NO NO NO YES 

Rhino YES NO YES YES (Through IGES or STEP) NO 

Maya NO NO YES YES (Through IGES) NO 

 
3.2 Notes & Background: Derivative Creation: 

 
After selecting important files and the associated software packages the next step in project 

archiving is derivative creation.  Derivative creation consists of opening design objects with the 

appropriate and up-to-date software.  Then, selecting the entire 3-D/2-D model or highlighting 

portions of the model and finally exporting the model to standard and non-standard formats.  

This process is relative to each software systemôs export capabilities as well as the importance 

and complexity of the 3-D/2-D data.   

 

Step 1: Migrate design objects onto a local machine from the original file hierarchy or server.  

Make sure that all relevant software is installed and up-to-date. Then, locate the selected design 

object file.  For example the original file path may be: /project/usip/Design 

Development/Drawings/revit/Roof_skin_only.rvt 

 

Step 2: Open the file with the necessary software based on the file extension. Perform any 

necessary version update procedure. See 2.2a on Formats and 3.1a on Version Control. 

 

Step 3: Select the entire model or portions of the model.  For example, if a CATIA model 

contains all elements of a building, one may want to only select portions of the model to export.  

This would be decided based on file size limitations or the desire for a fine grained organization 

of a particular project.  In most circumstances the entire model will be selected.   

 

For example, the research assistant may conclude that a project has particular pieces of 

importance based on redundancies in the file structure.  In this case letôs imagine that a number 

of design objects, images and sketches were found that pertained to a roof structure.  

Consequently the research assistant may decide that it would be best to break a single 3-D model 

down into two parts; the overall building and the roof structure.  The researcher could then 

consult the architecture firm regarding this issue and get clarity on the overall importance of the 

building as a whole or of sub-parts that should be isolated.  If it is deemed that a particular 

building zone should be isolated, the research assistant can open the file and manually select 

portions of the building that should be exported individually.  This process can be extremely 

manual and can lead to interpretation; however it can also lead to greater clarity for future 

archiving. 

 



 

MIT FACADE Project Final Report  IMLS Award Number LG -06-06-0062 

 

 

 

 
Massachusetts Institute of Technology          April, 2009                 Page 9 

 

A second example demonstrates the potential for a curatorôs influence on the export process.  If a 

design object is suggested to have sub-object importance and the research assistant proposes 

breaking down the model into constituent parts, then they can consult a curator for precedent 

cases of archiving practice.  The curator would have vital information regarding best practice for 

future use, archiving and to maintain consistency of the user experience across the archive. 

 

Finally, a third example emphasizes the possibility of file size limitations.  Of particular focus 

are models from CATIA and Digital Project that can be prohibitively large.  Any 3-D model can 

quickly grow to excessive file size, however parametric and BIM software has particular 

tendencies to create large file sizes.  CATIA and Digital Project usually contain .PART files that 

are smaller sub-parts of an entire model.  These files can be opened to access smaller portions of 

a 3-D model.   

 

Large file sizes can be limiting or completely restrictive when trying to open the file and more 

likely, when trying to export the file for the derivative process.  A rational solution to this 

problem is opening the file, presumably on fast machine with no other processes running.  Then, 

manually selecting portions of the model and exporting these sub-parts.  This allows for future 

viewing of the model in manageable portions and can save time and frustration when exporting. 

 

The process of manual selection involves understanding the fileôs organization and the 

architecture firmôs system of 3-D modeling.  The research assistant should have at least 

proficient experience at a professional firm and with 3-D modeling and drawing tools to be able 

to deconstruct the important file elements.  Routinely the most important tool for discovering a 

3-D modelôs overall organization is the layer toolbar.  This allows a user to turn on and off layers 

or portions of the project and can identify the architectôs intentions for building sub-parts.  A 

second process for selection includes manually selecting regions of the 3-D model with the 

mouse pointer while 3-D orbiting and zooming around the model.  Finally, if the 3-D model is 

parametric (CATIA, Digital Project, REVIT, Generative Components) then there will usually be 

a visual hierarchy tool that allows selection of parent-child relationships and their sub-objects.  

These techniques can allow the research assistant manual selection capabilities for specific sub-

file derivative export rather than holistic building export.  

 

Step 4: Export selected model: 

 

1. Preferred formats are currently IFC and STEP (in that order) and are compatible with 

most software.  These standard formats are non-proprietary, generally tend to be 

comprehensive with less data loss, include many import/export options and are almost 

universally accepted.  STEP and IFC also retain BIM information like material, object 

location, hierarchy and an objectôs parametric relationship.  Consequently, these formats 

are preferred for export and project archiving.   

 

2. A second derivative should be created using IGES format whenever possible.  IGES 

includes NURBS surfaces and mesh geometry that is generally preferred for 

import/export of 3-D geometry.  However, IGES lacks parametric data, which is 

sometimes important for design hierarchy. 
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3. Other formats include DWG, 3DS, STL and many others.  These formats vary in terms of 

loss of data and options for import export depending on the software and the type of 

model/geometry associated. 

 

Note: Every software system contains different import and export options that provide control 

over geometry and conversion information. See Table 1 and 3.4 Software Export Options 

 

Step 5: Open exported file in Adobe Acrobat Pro for conversion to 3D PDF.  3D PDF is the 

preferred source for quick and easy 3-D viewing of 3-D models as well as 2-D drawings.  See 3.4 

Software Export Options for details. 

 

Step6: Transfer from local machine to network machine and upload to PIM for user interface.  

See 4. Add Derivative 

 

3.3 Derivative File Naming:  
 

Derivative file naming and maintaining the relative path is important for organization and when 

adding derivative files to the Project Information Model (PIM).  The derivative fileôs relative 

path must not match any other relative paths or conflicts will arise between original and 

associated derivative files.  The following list includes suggestions for file naming while 

preserving the relative path. See 4. Add Derivative. 

 

Note: This section describes a prevalent problem of file naming and a very specific solution used 

to date.  While not necessarily being the perfect solution, the main goals were to establish a 

unique filename for each derivative as well as relate the new derivative file to its original file.  

The following describes the particular details of this naming system.   

 
o Create a directory substructure that matches the original file hierarchy and place your 

newly created derivative files in the same relative folder. 

o Do not switch filename extensions (i.e. to the derivative's format type): 

Á For example, if two files have the same name but different extensions, their 

derivatives would be the same e.g. "foo.doc" and "foo.ppt" both map to "foo.pdf" 

o Add a unique suffix and the format-type extension to make the derivative path: 

Á e.g. the Display derivative of a2161.dwg would be a2161.dwg-deriv.pdf 

 

Following these guidelines, create a repeatable pattern or formula for naming your derivative 

files. Here is a sample formula that ought to work in all cases: 

 

o Relative directory is the same as the original file, start with original filename: 

Á CD100/Drawings/acad/e2010.dwg 

o Append "-deriv" to the end of original filename, after the extension. 

Á CD100/Drawings/acad/e2010.dwg-deriv 

o Finally, add the appropriate filename extension for the format type. 

Á CD100/Drawings/acad/e2010.dwg-deriv.pdf 

o Preserving relative path: 

Á Create a relative path that maintains the original source path 
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Á For example: 

 Original path may be: /project/usip/Design 

Development/Drawings/revit/Roof_skin_only.rvt 

 New path: /project/derivatives/usip/Design 

Development/Drawings/revit/Roof_skin_only.rvt-deriv.ifc 

 

 

 

3.4 Software Export Options:  
 

Each software tool has a number of import and export possibilities and includes a variety of 

options for user control.  Below is a list of specific software options and functionality when 

exporting derivative files.  

 

o CATIA  

CATIA exports to IGES, STEP, DXF, DWG, and STL to exchange data with other 

platforms and ensure interoperability with other software.   

Á  CATIA native files cannot be opened by other CAD software which means that 

its data must be translated into another format first. 

Á Exported data holds only inert geometry, and does not carry any associative or 

parametric relationships. 

Á Older CATIA versions must first be upgraded to current version to open (see the 

CAD Format Information PDF for detailed steps). 

Procedure for export to STEP (see the CAD Format Information PDF for more details) 

Á CATIA does not have an export function so "Save As..." is the only method to 

convert to another format.  

Á STEP is the best choice as it retains the original NURBS data and is accessible to 

Adobe 3D PDF import.  

Á Do a separate ñSave Asò for each CATIA model or part file. 

The resulting .stp file contains the following ASCII text to define the internal 

geometries.  (e.g. the surface in V5 called FAC1922 now becomes Surface.203 in 

STEP). Example snippet output: 
#514=OPEN_SHELL('Surface.202 ( *FAC192 1 -  wsp *MASTER -   

)',(#581)) ;  

#582=OPEN_SHELL('Surface.203 ( *FAC1922 -  wsp *MASTER -   

)',(#743)) ;  

#744=OPEN_SHELL('Surface.204 ( *FAC1923 -  wsp *MASTER -   

)',(#788)) ;  
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o Form Z 

File > Export: STEP or IGES 

1. Grouping options 

2. Geometry options (trimmed/faceted surfaces) 

3. Selection parameters (layers & parametric data options) 

4. Attributes 

5. STEP (AP 214, AP 215 etc) or IGES specific options 
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