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Introduction
• AEC industry suffers from gross inefficiencies and 

redundancies
• Designers and builders adopt and exploit information technology slowly

• Many traditional practitioners, skeptics, and complicated liabilities
• Productivity in AEC has declined despite gains in manufacturing

• Computers in AEC
• Common Use

• Typically used as 2-D CAD, to automate and simulate traditional hand-drafting
• Minimal effort made to improve standard business practices

• Vision
• Use 3D and web technologies, industry is ripe market for “Web3D”
• Few, limited cases to integrate Web tools with design/construction documentation

• BIM
• Tremendous change sweeping through industry
• Move towards full embrace of 3D tools and processes
• Enable positive, sweeping change in AEC industry



Introduction

Building Information Modeling
1. Digital

• Enabling simulation of design and 
construction, not merely graphic 
representation

2. Spatial
• Three or more dimensions to simulate 

complex conditions and processes

3. Measurable
• Quantifiable
• Query-able
• Dimensionable

4. Comprehensive
• Design intent
• Performance aspects of building 

systems
• Constructability in space and time
• Financial cost of components

5. Accessible
• By entire AEC team, owners, and users
• Interoperable across software and 

hardware platforms
• Single, intuitive interface to multiple 

media to visualize subsets of data

6. Durable
• Design and Planning
• Fabrication and Construction
• Operations and Maintenance

•Few design and construction teams use BIM to this fullest extent today, 
but all six of these characteristics are essential for industry change

•BIM may become the “killer app” of Web3D for the AEC industry
•Especially accessibility and durability
•Needs the attention and support of Web3D community to flourish



BIM Uses
• Mortenson’s use of BIM

• Applied to projects varying in type, size, scope, cost

• Increase understanding, confidence, communication, quality, safety

• Decrease cost, time, rework

• Uses
1. Design Visualization

2. Design Assistance & Constructability Review
3. Site Planning & Site Utilization

4. “4D” Scheduling and Sequencing

5. “5D” Cost Estimating
6. Integration of Subcontractor and Supplier Data

7. Systems Coordination

8. Layout and Fieldwork
9. Prefabrication

10.Operations and Maintenance



BIM Uses

Design Visualization
• Used by designers and 

contractors to communicate 
design intentions

• Within project team

• To owners and end-users
• Externally to review agencies and 

to public

• Historically a common use of 
3D in AEC

• Stereoscopic projection
• Create immersive experience

• Make rapid decisions with 
confidence

• Huge impact to costs of 
construction



BIM Uses

Design Assistance & Constructability Review
• Contractors analyze and test 

“means and methods”

• Ensure design can be built to 
meet targeted schedule and 
cost

• BIM exposes errors and 
omissions in design 
documentation

• We can recommend alternate 
solutions while preserving 
design intent



BIM Uses

Site Planning & Site Utilization
• Contractors study known and 

estimated site conditions
• Existing and proposed utilities
• Site access
• Safety and evacuation concerns
• Excavation
• Shoring
• Dewatering
• Cranes and hoisting
• Temporary “laydown” storage zones

• Enable communication with 
neighbors, subcontractors

• Live utility awareness
• Prevent unsafe underground work
• Keep project moving on schedule



BIM Uses

“4D” Scheduling and Sequencing
• 3D model plus time as 4th

dimension

• Visualize the schedule
• Find flaws in logic
• Optimize sequencing on the 

construction site

• Trade laborers who struggle to 
read schedules can contribute



BIM Uses

“5D” Cost Estimating

• BIM combined with cost

• Model enables accurate quantity 
survey of materials and components

• Quantities linked directly to cost 
databases

• Cost implications of design changes 
can be understood in real-time



BIM Uses

Integration of Subcontractor and Supplier Data
• Subcontractors and 

suppliers contribute 
detailed models

• Product data
• Fabrication details
• Installation methods

• Contractor combines 
model data

• Extremely large datasets 
with high detail

• Isolate specific 
trades/scopes to perform 
detailed analysis



BIM Uses

Systems Coordination
• Clash detection as a 

spatial “spell check” for 
building components

• Equipment
• Fixtures
• Pipes
• Ducts
• Conduits
• Structural members
• Architectural features

• Discover and resolve 
1000’s of conflicts 
before systems are 
installed in the field

• Up to 80% reduction in 
field-related questions 
and conflicts



BIM Uses

Layout and Fieldwork

• Use fully coordinated 
model to assist in layout

• “Lift” drawings
• 2-D extractions & views
• Detailed & dimensioned
• Integrated with quality and 

safety info

• Auto-surveying
• Translate XYZ coordinates 

to northing, easting, and 
elevation points

• Load directly into surveyors 
equipment



BIM Uses

Prefabrication
• With fully coordinated model, can 

isolate, analyze, and construct any
area of the building

• Best when there are similar or 
identical, repetitive elements

• Can be cross-disciplinary, when 
labor regulations allow

• Prefabricate off-site, transport, 
and install rapidly

• Minimize field connections
• Minimize on-site labor and construction 

schedule
• Increase quality and consistency



BIM Uses

Operations and Maintenance
• BIM updated 

during 
construction to 
create “as-built” 
record

• Geometry linked 
with text and 
tabular 
information in 
equipment and 
maintenance 
manuals

• Model becomes 
record to support 
facilities 
management

• Building engineer 
has access to 
model

• Can we go 
paperless?











Interoperability
• Problem

• All BIM uses have emphasis on real-time and interoperability
• AEC professionals overwhelmed with integrating data
• Spatial, graphic, tabular in countless proprietary file formats

• International Alliance for Interoperability (IAI)
• Sponsors “Building Smart” mission

• Coordinates change, productivity improvements, and efficiency in AEC

• Industry Foundation Classes (IFC and IFCxml)
• Open source
• Endorsed by ISO as Publicly Available Specification
• Supported by most CAD/BIM applications

• Savvy owners are demanding interoperability and IFC
• US General Services Administration (GSA)

• Responsible for all federal public buildings (White House, courthouses, etc)
• National BIM program:  IFC in 2007+



IFC vs. X3D
• IFC

• Store, classify, and standardize building components and systems
• Minimal usage within AEC

• Poor support by non-robust applications
• Difficult to manage and render data for whole building in real time

• Resources to address this are severely limited compared to Web3D

• X3D
• Developed to address similar concerns in broader context
• Too broad for BIM?

• Contains no information specific to the AEC industry
• No direct support for non-geometric, tabular, or graphic data required for BIM

• Largely ignored by AEC industry

• Relationship between file formats
• Both are XML-based, both are ISO standards
• No direct way to convert
• No way to exploit advantages simultaneously
• Very few apps can read/write both formats (NIST, Octaga)

• No formal relationship between BIM and Web3D communities
• Some resources focused on broad, open-source access to X3D
• Others focused on resolving interoperability within AEC
• AEC professionals faced with choice of open standards:  fragmented use
• As integration between open standards stalls, industry migrates to proprietary standards

• Autodesk DWF
• Adobe 3D PDF



Conclusion
• Design and construction professionals seek to apply BIM 

efficiently with the support of the broader computer 
graphics community

• Web3D community should investigate AEC market as 
opportunity for exploration

• Web3D and BIM communities should engage and 
collaborate to explore integration between IFC and X3D

• Mortenson offers expertise as BIM resource, willing to 
assist in furthering this collaboration


