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Architectural Construction Documents
on the Web: VRML as a Case Study
The Virtual Reality Modeling Language (VRML) and
the World Wide Web (WWW) offer new opportunities to communicate an architect’s design intent throughout the design process. We have investigated the use
of VRML in the production and communication of construction documents, the final phase of architectural building design. A prototype, experimental Web site was set
up and used to disseminate design data as VRML models and HTML text to the design client, contractor, and
fabricators.
In this paper, we discuss the way our construction
documents were developed in VRML, the issues we faced
implementing it, and critical feedback from the users of
the Web space/site. We analyze the usefulness of VRML
as a communication tool for the design and construction
industries. Finally, we discuss technical, social, and
legal issues the AEC industry faces as it shifts to embrace widespread use of a “paperless” Web-based
communications infrastructure for design documentation.

Les documents de construction en architecture:
le VRML, étude d'un cas spécifique
Le ‘Virtual reality Modeling Language’ (VRML) et le
‘World Wide Web’ offrent de nouvelles possibilités de
communiquer les intentions de l’architecte au cours du
processus de la conception. Nous avons examiné
l’utilisation de VRML lors de la production et la communication de dessins de construction, la dernière phase
de la conception architecturale. Un site Web prototype
expérimental a été établi et utilisé pour disséminer des
textes et des modèles VRML du design aux clients, au
contracteur, et aux fabricants.

Dans ce papier nous expliquons la façon dont nos
documents de construction ont été développés en VRML,
ainsi que les obstacles auxquels nous devions faire face
lors de la mise en pratique, et les critiques des utilisateurs
du site Web. Nous examinons l’utilité du VRML en tant
qu’outil de communication pour les industries du design
et de la construction. Enfin, nous discutons les
conséquences sociales et légales pour l’industrie AEC
lorsqu’elle se met à adopter l’utilisation universelle d’une
infrastructure ‘sans papier’ de communication, basée
sur le Web pour les documents du design.
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introduction
The process in which architects labor to design and describe proposed buildings is a complex one, and critical to their role in the Architecture/Engineering/Construction (AEC) industry is
their ability to communicate with their design intentions to those who will build them. The communication media architects use to describe their designs is varied, although it is dominated by highly
symbolic, orthographic line drawings and textbased specifications. In the past few decades the
production of these graphic drawings and written
specifications has been aided by Computer Aided
Design (CAD), and now recent developments in
visualization and network technology promise to
give architects new tools to manage and communicate their design intentions.
As architects develop their designs from conceptual diagrams and “napkin sketches,” through
schematic design and development, and on to
construction documents, the level of complexity of
the design increases. For typical buildings, this
development and complexity necessitates an information management structure equally complex. By
the time a building design is “complete” and ready
to be distributed to contractors who will bid on the
design, thousands of hours and hundreds to thousands of drawings describing the building have
been generated and distributed for comment, review, and revision. This set construction documents
(“CD’s”) is accompanied by a book of specifications (“specs”) describing the materials and components in detail. Such CD-sets and specs are then
interpreted by contractors who distribute them to
sub-contractors to construct the building. A complex social and legal infrastructure has evolved
around the documentation with these specific communication media, and any mistakes in or changes
to the CD’s or specs require a host of requests and
change orders between the architects and contractors. Historically, the construction of a building has
necessitated a large volume of paper with which
to document it.
With the Internet, and the WWW which provides it with a graphic interface, architects have
been promised a new medium for communicating
with other players in the AEC industry. Text, rasterbased images, and recently vector-based graph-
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ics and models can all be exchanged and distributed widely and instantaneously with the WWW.
Developers of VRML and proponents of technology in the AEC industry alike proclaim the benefits
of communicating design in three dimensions via
the Web. VRML offers a standard way to represent
and exchange both geometry and the associated
text inherent in construction documents. Architects
who once used CAD as a drafting tool are now
investigating ways to develop their buildings with
digital models as their primary design medium.
With model-describing languages like VRML, architects are now looking for ways to distribute digital
models of their designs electronically, potentially
eliminating the need for distribution via printed
construction drawings and specifications. While
the benefits of moving towards a “paperless” design and construction industry are clear, there are
many obstacles–technical, legal, and infrastructural–
which prevent us from doing so today.
previous and related work
In recent years, a number of researchers and
academics have been investigating the use of digital models as a way to communicate design ideas.
Before VRML was developed, researchers at the
University of Washington described a need for a
modeling language which could offer hyper-geometry links and multiple levels of detail for architectural representation (Campbell 1994). Such
hyperlinks and multiple levels of detail were eventually implemented in the first VRML specification.
Academics have also investigated the use of
immersive, distributed virtual environments along
with other electronic media as a means to communicate and critique design intentions (Davidson
1995; Mandeville 1995). Hyperlinks and multiple
representations of a design have been found valuable to understanding a proposed building. It has
also been noted that the hyperlinked geometry offered by VRML is quite similar to the use of architects’ “detail bugs,” a symbolic system which references detailed drawings in construction documents
(Mitchell 1995).
Professionals outside of the AEC industry have
already begun to advance the notion of communicating graphic and model data electronically to
automate the construction process. Perhaps the most
famous project is the design and production of the
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Boeing 777. Digital models of the airplane were
used to design and optimize the plane, and then
all of its components were manufactured directly
from digital data which was extracted from the
model and communicated to fabricators. In fact,
entire systems have been implemented which enable manufacturers and suppliers can partner with
designers electronically (Varney 1996). The AEC
industry has lagged behind the academics, researchers, and related design/manufacturing disciplines. The legal and social implications of a
paperless design and construction process for buildings are not yet completely understood by the industry as a whole, although VRML shows promise
as a medium for communicating building design
in construction documents.

Figure 1. Web site, featuring project index and graphic display.

the experiment and methods
To investigate VRML’s usefulness in the AEC
industry, we have implemented a test project within
our architectural firm. To design a research facility
for a client in the health care industry, we have set
up an Extranet between our firm, the client, the
contractor, and a fabricator. Because of the scale
and complexity of the building, only a portion of it
was used to test our ideas: the architectural “feature” stairs which involve a significant amount of
custom metal work. In addition to documenting
these stairs in traditional, two-dimensional line drawings with notes and specifications, the stairs were
also documented on the Web with VRML and
HTML.
Figure 2. Design alternative of project in design development.

The web site for the project consists of several
frames (Figure 1). These frames feature the project
title, and index to the “drawing” (model) set, a link
to a record of related issues, a main graphic display, and related notes.
The main graphic display is used to show the
stairs as they were developed throughout the
project. By rendering a model of the stairs with
radiosity algorithms (using Lightscape), we were
able to show design alternatives as photorealistic
VRML models during schematic design and design
development (Figure 2). The client and the fabricator were able to visualize and understand the designs with VRML in ways that were not possible in
other media.

Figure 3. Traditional detail-referencing in a drawing.
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Figure 4. Experimental referencing technique in a VRML model.

Figure 5. 3D dimensioning and notes in a VRML model.

As the design was developed to its final form
in the construction document phase, it became clear
that there was too much detail in the design to
show photorealistically using just one VRML model.
Use of VRML’s Level-of-Detail strategy was considered, but the time required to author multiple representations of each component was cost prohibitive. Rather, a simple diagrammatic model of the
stairs was built to behave as an interface to more
complex, detailed models and images. This follows the standard of traditional architectural representation of line drawings, in which low detail is
shown in drawings at a smaller scale. These typical representations use “detail bugs” throughout a
lesser developed drawing and refer to other, more
detailed drawings of typical and particular construction assemblies (Figure 3). It was thought that
since professionals in the AEC industry are accustomed to this model of interaction, in which a single
building system like the stairs may be traditionally
described in several plan and section drawings
on multiple pages of the CD set, a hyperlinked
model would be an appropriate and much simpler
interface for accessing detailed information. Thus,
the low-detailed model has three-dimensional “detail bugs” which surround areas of the model and
refer to higher-detailed models. These linked “bugs”
are shown as orange wire-frame boxes in the model
(Figure 4).
The simple model is not only an interface for
accessing more detailed models of the stairs, but
also is meant to contain basic textual information
necessary to the description of the stairs. Traditional
plans and sections use dimensions to relate distances between points on objects (to measure objects or the spaces between them) and notes to
describe the qualities of the objects. Using this precedent we added three-dimensional dimensions
and notes to the VRML model to describe basic
measurements (Figure 5).
As an alternative to placing the notes in space
around the model, we also investigated a new strategy in the detailed models which takes advantage
of unique characteristics of frames. Rather than
having notes with leaders to describe the objects
as traditionally done in line drawings (Figure 6),
we defined each object in the model as an anchor. Clicking on any object in the model would
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then call up a description of that object in the notes
frame (Figure 7). This strategy did not to work for
dimensions which measure the relationship or space
between objects, but was very successful when
describing individual objects and components.
Lastly, the objects in the detailed models were
linked to related specifications on-line. Traditionally, the specifications are printed in a book that is
used as a reference, hand-in-hand with the construction document drawing set to describe specific qualities that the object should have when
being selected, manufactured, or assembled. Rather
than provide the specs in a separate medium, our
approach enabled the user to read detailed text
associated with that object in the same medium
(the Web) in a frame next to the graphic display
(Figure 8).
results and discussion
Once the Web site was developed, it was
tested and critiqued in a series of trials and interviews with the client, the fabricator, and the contractor. Since it is their position to interpret and act
on the intentions of the design team, it proved to
be a valuable test group for analyzing the usefulness of the Web site. Their critique and comments
are presented here, as well as our own.
During the construction of the Web site, we
found several advantages and limitations to using
VRML as our primary communication medium. As
could be expected, the model was able to convey
information in ways not possible with two-dimensional drawing media. The design team was able
to spot errors sooner, and to resolve conflicts with
more conviction based on the real-time visualization of the VRML files. However, we also found
several disadvantages to the construction and use
of the Web site as a way to communicate with our
client, contractor, and fabricator. These limitations
ranged from technical, to social, to infrastructural.
We discuss some of these issues below, and follow the discussion with several specific recommendations for further development of VRML.

authoring and publication issues
The VRML files took more than twice as long
to “author” as it took to draw a comparable amount
of data using a standard CAD package. In part,

Figure 6. Traditional notes with leaders to annotate a drawing.

this can be attributed to the lack of modeling capabilities of the software we used to author the
models. However, it should also be noted that in
general there is a lack of sophisticated VRML modeling packages/authoring tools available on
today’s market with the capabilities one expects
from CAD software. VRML authoring tools have to
become more sophisticated if designers are expected to take them as serious development media.
Another option for creating VRML models was
to use CAD packages which support an export or
translation feature to create VRML files. However,
while this method often creates accurate polygonal and texture data, we found it largely incapable
of translating some primitives critical to the description of architectural design. Text and line sets necessary for creating dimensions in the VRML model
are not readily produced by export from CAD packages.
In addition to recognizing the limitations of
today’s authoring tools and software, we found
several other obstacles which prevent architects from
using VRML as a primary medium for design communication. To publish design documentation at
an architecture firm requires that all other parties
must have access to computer technology sophisticated enough to read the files. Clients, fabricators, and contractors must all have high-end Pentium
PC’s with Windows 95 or NT in order to use the
most common VRML plug-ins, and this can be cost
prohibitive for jobs of almost any size. Also, for
VRML to be useful at the fabricator’s shop or on the
construction site, the computers used for rendering
the VRML models must be portable and durable.
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critique of the use of VRML
Despite these potential setbacks to use of VRML
to communicate our design ideas for construction,
we were able to provide access to the appropriate parties at the appropriate times. When the VRML
models were presented to and shared with the client, contractor, and fabricator, their reactions were
largely in favor of its use for this application. Their
optimism about the potential of VRML is rooted in
its enabling the publication and communication of
3D spatial design data. However, this optimism is
also tempered with a host of concerns and criticisms about the medium. Their comments about
the benefits and shortcomings of our use of VRML
are described here:
•

•

•

•

benefits of VRML
The use of the diagrammatic model as an interface to access detailed models is an appropriate metaphor for a construction industry
accustomed to reading drawings of varying
level-of-detail at multiple scales.
With the three-dimensional model available
on-line, there is less need to show multiple
views of a given space, which means less
need for printing out documentation to distribute to subcontractors.
It is much easier to check for construction or
lay-out conflicts with an on-line model than with
a set of two-dimensional drawings describing
complex building systems.
The links between graphic information in VRML
and construction specifications in HTML are a
clear advantage to the Web site as a communication medium.

space is inappropriate and illegible.

recommended features for
the VRML specification
From these comments, and from our own experiences in authoring the VRML models, we have
discovered several opportunities to make the VRML
specification more sympathetic to the documentation of a building design for construction. Thus,
there are several nodes, fields, and features which
we recommend be incorporated into future iterations of the VRML specification, or any similar medium used to communicate design intentions in the
AEC industry. Some of these features are noted
here:
•

•

•

•
•

•

•

shortcomings of VRML
The navigation around and between the multiple 3D models would be aided by standard
2D and 3D icons as a way to go into or out
of details and to see orthographic views.
Links to two-dimensional information are critical to convey analytical and descriptive data
about how to build or lay out systems and
components. The qualitative information provided in the three-dimensional model is not
adequate to fully describe architecture.
It is necessary to be able to query spatial relations between objects, like dimensions. The
mimicking of traditional 2D dimensions in 3D
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•

Dimensions are needed when describing architectural design intentions as a way to measure spatial relationships between objects. A
primitive or construct of primitives similar to
2D dimensions is necessary for being able to
display dimensional information and spatial
relationships in 3D VRML models.
In order to have text in the models which face
the view at all times, a primitive is needed for
non-polygonal, consistent-height, billboarded
text in space around the model. This is critical
to enabling the reading of text information in
complex 3D models in should be implemented
in VRML as well.
Designers use a variety of line types and thicknesses to convey different kinds of information about their proposed creations. Center
lines, property lines, dashed lines, and strings
of dots are just a few examples.
Central to the understanding of spatial relationships is the ability to convey graphic information in two dimensions. While the benefits
of a three-dimensional model are quite clear,
there are times when complex spaces are best
analyzed in plan or sectional view.
One clear advantage of digital media is the
ability to display context-sensitive information
when it is requested by the user, and only at
that time. Advanced HTML specifications enable “roll-over” actions to modify the display
of information when the user drags a mouse/
cursor over a specified location, and such a
feature should be included with the model
specification.
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technical, social, and legal issues
It is anticipated that the limitations to using a
Web standard like VRML to communicate design
intent in CD’s will eventually be overcome. Major
players in the AEC industry have begun to collaborate with CAD and Web software developers to
take steps in this direction. However, there remain
several obstacles in the AEC industry which need
to be surpassed to enable widespread use of online digital construction documents. Below we identify just three of them: one technical, one social,
and one legal. There are countless others, of
course, and in time the AEC industry will solve them
with the help of the computer industry.
technical: on-site implementation
The fully-enabled use of VRML (or similar technologies) will probably not take place in the AEC
industry for many years to come. One huge technical issue centers around the fact that at a certain
point in the process the building and its components must be built. It is unclear just how Webbased models can be used on the construction site
or at the fabricator’s shop, as construction methods
are rarely sympathetic to the relative fragility of the
technology used to render such models. Ways need
to be investigated to display digital media in fullsize on the job site, with robust technology that is
accessible and manageable by the personnel who
need to use it. Fields of study like wearable computing and augmented reality begin to address this
issue, but they are still many years away from being pervasive in the construction industry.
social: communication beyond AEC
The success of web-based construction documents requires that all members of the design-construction team have immediate access to the technology which holds the design data. This goes
beyond the cost and configuration of computing
technology for designers, engineers, and contractors if a truly “paperless” process is to become an
industry standard. Clients and owners, banks,
permitting agencies, and authorities having jurisdiction must all have easy access to the construction documentation on-line. Strategies need to be
developed to enable these various parties to read
and use relevant data about a building, while
masking out irrelevant or sensitive information.
Essentially, the entire sociopolitical infrastructure that

Figure 7. Experimental anchored notes in a VRML model.

Figure 8. On-line specifications linked to a VRML model.
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was developed around reading CD’s as line drawings must make adjustments to accept on-line, digital documentation.

legal: design intent vs. virtual buildings
In order for the AEC industry to adopt construction documents represented by digital models,
or “virtual buildings,” as a standard, specific liability issues will have to be addressed. Traditionally,
architects design and document a building by their
intent for a building’s completion. Contractors are
traditionally held accountable for the means, methods, and construction tolerances. Contract
“boilerplates” and drawings specifically state that
drawn lines are not to be measured or scaled, and
that measurements must be verified in the field.
However, by representing design intent digitally,
in particular with less abstract, object-oriented models of buildings, construction documentation offers
more information and intelligence than architects
traditionally would want to portray. It is difficult to
state that a model is not necessarily built to scale
when that model accurately represents (and even
behaves) like a real building. Thus, the use of online models as construction documents implies, and
may soon necessitate, that architects increase their
liability and responsibility in the AEC industry.
conclusions
This project took place as an experiment to
test the validity of VRML as the primary communication media of building design for construction.
In general, the feedback from the various users was
positive and encouraging. Having tried this as a
proof-of-concept exercise with just a portion of a
much more complex building, the feature stairs, it
is now time to attempt a similar project with a full
building from the very beginning of the design process. Only then can we understand the full implications, advantages, and limitations of using online digital models to describe building designs to
our clients and to those who will construct these
buildings and components.
Until such a larger project is implemented, however, the results from this study indicate that there
are already some places, technical or otherwise,
where the infrastructure must develop to use this
technology. The VRML specification and the tools
used to implement it need to mature for it to be
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used for the specific purpose of documenting a
building design. Furthermore, this technology will
not likely be adopted by the AEC industry at-large
until it can be proven to be cost effective both in
the design office and on the construction site. Also,
there are significant social and legal challenges
which need to be overcome before this technology is embraced as a standard.
future work
In addition to the specific recommendations
for developing the VRML specification noted above,
there are several topics of research and development which could be undertaken based on what
we have discovered. We suggest the following
topics for further discussion and investigation.

4D simulation of building construction
An important feature of digital technologies is
their ability to describe changes to space over time.
This capability can be harnessed to automate and
to animate construction sequences of buildings with
VRML or other digital standards. In this way, conflicts in the choreography of a complex building’s
construction can be optimized and potential conflicts leading to expensive delays can be reduced.
navigation/transition between data types
There is a need for intuitive, natural movement
between models, drawings, and text on the World
Wide Web. Transitions between perspective views,
orthographic views, alpha-numeric, and tabular
data must take place seamlessly when integrating
these media into the description of a complex building design. It is not enough to have links and anchors between models, images, and text in various frames. Rather, ways should be investigated to
develop an overarching spatial interface to access
these various kinds types of data.
3D symbols and conventions
There is a need to create new paradigms for
the description of analytical data in electronic threedimensional documentation. It is not sufficient to
copy or modify only slightly the two-dimensional
drafting and drawing conventions we traditionally
use to describe architectural design. Rather, new
spatial metaphors need to be explored which are
uniquely suited to the hyperlinked, spatial nature
of the Web.
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design mark-ups
Critical to any communication or exchange
of architectural ideas is the ability to make graphic
notes during such discussions and critiques. VRML
and Web developers should consider ways to enable designers and users to “mark up” or “sketch”
in/on VRML models and be able to save such
changes as notes of a design discussion. Such
notations of design revisions in 3D models are
central to making VRML a valid medium for representing and communicating construction documents.
“White board” and “red line” software enables
this functionality in a limited and proprietary way,
but a standard is needed for the Web. Furthermore, this technology needs to evolve to record a
history of changes made in the design process.
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