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Building Information 
Modeling (BIM) for 
Infrastructure
How It Affects Your Workflow

Presenter
Presentation Notes
Welcome to this presentation on Building Information Modeling (BIM) for Infrastructure and how this concept may affect your workflows. 
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Agenda
• Concept of BIM for Infrastructure

• Applying BIM for Infrastructure

• State DOT example projects to date

• Lessons learned

Presenter
Presentation Notes
In today’s presentation, we will be exploring the concepts of BIM for Infrastructure, formally known as Civil Integrated Management (CIM). We will talk about how this will be applied, and we will look at recent infrastructure projects throughout several states that have implemented various aspects of BIM for Infrastructure. And finally, we will discuss some lessons learned from these examples.
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Concept of BIM for 
Infrastructure
• BIM means build it twice, once virtually

• Digital representation of the physical and 
functional characteristics of an 
infrastructure asset

• The process of developing a precise, data 
rich, virtual 3D representation of existing 
and proposed elements belonging to a 
programmed construction project

• Serves as a shared knowledge resource 
for information about an infrastructure 
asset

• Basic premise: Collaboration by different 
stakeholders at different phases of the life 
cycle of an infrastructure asset (insert, 
extract, update or modify information)

Illustration: HDR, used with permission

Presenter
Presentation Notes
BIM for Infrastructure encompasses the processes surrounding the development of precise, data rich, virtual 3D representations of existing and proposed elements belonging to a programmed construction project. The acronym BIM, normally associated with vertical construction when applied to infrastructure, describes the creation, management, and analysis of built environment information models. There has been a tremendous amount of study and publications completed in the name of BIM, which highlight successes by process and not by industry. These successful processes suggest consistent, structured sets of data, which can be analyzed and queried from one system to another.
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BIM for Infrastructure: 
The Environment
Critical factors for success:

• Clear and precise contract language

• A strategically planned and well-
managed common data environment

• Owner originated data requirements

• Modeling voluntary standards that are 
not regulatory in nature

Illustration: HDR, used with permission
Note: The data requirements and modeling standards are voluntary and are not required or enforceable under Federal statute or FHWA regulations.

Presenter
Presentation Notes
The BIM for Infrastructure program encompasses the development of BIM-related contract language, specifications such as Level of Development (LOD), data, and submittal requirements. Contract language specifications are not mandatory federal requirements. As part of the Department of Transportation’s (DOT’s) and other agencies’ BIM for Infrastructure implementation, new information will be developed explaining how they want their projects modeled and managed. This information may provide a greater understanding of the model to be developed. 
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Building Information Modeling

Illustration: HDR, used with permission
Note: The implementation of BIM is not required under Federal statute or FHWA regulations.

Presenter
Presentation Notes
BIM processes involve generating and managing virtual representations of physical and functional characteristics of the existing and proposed built environment. The implementation of BIM will depend on existing conditions surveys that are current and that include above and below ground objects. Engineers can develop discipline-specific design models that possess a more complete identification of materials and functionality. The dataset for each assembly, object, and element within the model evolves in description and accuracy during the design phase until it achieves the desired final design LOD. These detailed discipline models can become the point of origin for all desired layouts and details.
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Information Modeling

Illustration: HDR, used with permission

Presenter
Presentation Notes
A BIM for Infrastructure is a wonderful opportunity to have all the information about an infrastructure asset essentially in one place. This is something we really have never known. Imagine the value of a tool that anyone who requires information about an asset can tap in a single location.

The process of developing a 3D virtual information model involves much more than the skill needed to run the modeling software. BIM involves the collaboration of owners, planners, engineers, surveyors, and contractors. Through this collaboration, needs are developed, and an understanding of the information contained in the model, and how it should be applied, is formed. Without this common understanding, the model's information can be misused or misrepresented. Each step in the life cycle of an information model relies on this common understanding of the model’s intended use as determined by the previous phase.
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BIM Project Execution Planning Guide
• Overview of the project execution 

planning procedure for BIM
• Identifying BIM goals and uses for 

a project
• Designing the BIM project 

execution process
• Developing information exchanges
• Define supporting infrastructure for 

BIM implementation
These steps are not required under Federal statute or FHWA regulations.

Image: Penn State University, used with permission
http://bim.psu.edu/bim_project_execution_planning_guide/bim-project-execution-planning-guide.html, BIM Project Execution Planning Guide, Version 2.1, CIC-Penn State University, 2011

The U.S. Government does not endorse products, manufacturers, or any entities mentioned. Trademarks, manufacturers’ names, and names of entities appear in this presentation only because they are considered 
essential to the objective of the presentation. They are included for informational purposes only and are not intended to reflect a preference, approval, or endorsement of any one product or entity.

Presenter
Presentation Notes
BIM is a collaborative technology and process. As for technology, it is an object oriented, parametric database that can store 3D intelligent objects (i.e., when you move a beam, a column that is connected to it moves with that beam) as well as attribute information (such as its scheduled installation date, unit cost, etc.) associated with each object. 

There have been volumes written about the benefits of planning, and all can be applied to BIM implementation. The vertical industry has developed guides and templates to help facilitate the planning processes of BIM. Though developed for architectural projects, the principles laid out in the BIM Project Execution Guide, Version 2.1, can be easily applied to infrastructure. This guide breaks down the BIM execution planning process into four major components: project BIM goals and information model uses for a project, the BIM project execution process, developing information exchanges, and defining supporting infrastructure for BIM implementation.


http://bim.psu.edu/bim_project_execution_planning_guide/bim-project-execution-planning-guide.html
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Applying BIM for Infrastructure

Image: Penn State University, used with permission 
http://bim.psu.edu/bim_project_execution_planning_guide/bim-project-execution-planning-guide.html

BIM Project Execution Planning Guide, Version 2.1, CIC-Penn State University, 2011

Presenter
Presentation Notes
It is important to note that there is a strong social component to BIM implementation. As mentioned before, BIM workflows involve interactive participation. This means design and review become more or less 3D coordination meetings where disciplines are brought together to manage potential conflicts within the modeled environment. The workflows of Information Modeling will allow the designer to add descriptive data to the modeled assemblies, objects, and elements, which in turn will need additional skills to use advanced features of existing and future modeling software. Training programs will be developed as part of the implementation of CIM, which will focus on process and specific workflows dedicated to ensuring successful BIM deliverables.
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The Uses of BIM
• Gather

• Capture, Quantify, Monitor, Qualify

• Generate
• Prescribe, Arrange, Size

• Analyze
• Coordinate, Forecast, Validate

• Communicate
• Visualize, Transform, Draw, Document

• Realize
• Fabricate, Assemble, Control, Regulate

These steps are not required under Federal statute or FHWA regulations.

Image: Penn State University, used with permission 
http://bim.psu.edu/uses-of-bim.html, The Uses of BIM, Penn State Computer Integrated Construction

The U.S. Government does not endorse products, manufacturers, or any entities mentioned. Trademarks, manufacturers’ names, and names of entities appear in this presentation only because they are considered 
essential to the objective of the presentation. They are included for informational purposes only and are not intended to reflect a preference, approval, or endorsement of any one product or entity.

Presenter
Presentation Notes
How the information model is to be used is referred to as “model use.” The Uses of BIM, written by Ralph Kreider and John Messner of Penn State’s Computer Integrated Construction program, outlines these uses in the following five categories: Gather, Generate, Analyze, Communicate, and Realize. These five are further divided into 18 sub-categories that define the current potential uses for the information model.  

http://bim.psu.edu/uses-of-bim.html
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Applying BIM for Infrastructure
BIM Uses
SNAPSHOT FROM 
THE BIM PROJECT 
EXECUTION 
PLANNING GUIDE

Note: These BIM uses are not required under Federal statute or FHWA regulations.

Image: Penn State University, used with permission 
http://bim.psu.edu/bim_project_execution_planning_guide/bim-project-execution-planning-guide.html

BIM Project Execution Planning Guide, Version 2.1, CIC-Penn State University, 2011

Presenter
Presentation Notes
These uses have been described within the BIM Execution Plan template for each phase of the project: Planning, Design, Construct, and Operate. As you can see from this list, these BIM uses cover all the bases of infrastructure. The titles may need to be adjusted to fit the infrastructure vocabulary, but everything from planning through hand over for operations is addressed. The specific uses of the information model are determined by the project BIM goals. For example, if the goal states that the information model will be used to determine cost, then “cost estimation” will be one of its uses. Each use will have requirements stating the level that each object will be developed both technically and visually. More importantly, these use cases can state what data is necessary to fully define each object. These BIM uses are not required under Federal statute or FHWA regulations.
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Why Use BIM for Infrastructure?
• Application of innovative 

technologies, practices, and 
solutions on the rise for highway 
project delivery

• A wide range of technologies to 
improve predictability, performance, 
transparency (Planning to 
Operations and Maintenance)

• It’s time to analyze and 
understand the technology 
adoption at the agency-level, 
in its entirety!

Illustration: HDR, used with permission
Note: The implementation of BIM is not required under Federal statute or FHWA regulations.

Presenter
Presentation Notes
You may still be asking yourself: “Why use BIM for Infrastructure?” We hope you can see that the innovative application of pairing visual elements with pertinent data provides clarity to processes that have proven difficult throughout the life cycle of a project. Technology in engineering and construction is advancing faster now than it ever has, and now is the time to act. 
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Challenges
• Initial acceptance
• Change management
• Training program development
• Technology investment

Presenter
Presentation Notes
Accepting new workflows and learning new ways of accomplishing the tasks we are given can be difficult. Change management is a big part of helping individuals with the challenges that new technology introduces. BIM for Infrastructure, like any other new technology, is well served with fully developed training programs that walk the user through each step of the process. Computing hardware and software is always a consideration when introducing new processes.
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BIM for Infrastructure Life Cycle

Illustration: HDR, used with permission

Presenter
Presentation Notes
The utilization of BIM concepts and process in the infrastructure asset’s life cycle is what we are striving for. Realization of the efficiencies currently enjoyed by the vertical industry can be matched and expanded in infrastructure through extending these concepts into the construction phase and on to the operations phase. 
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Example Projects
Iowa DOT
Michigan DOT
New York State DOT
Oregon DOT (Selwood Bridge)

Oregon DOT (Selwood Bridge Detour)
Texas DOT
Connecticut DOT
Wisconsin DOT

Presenter
Presentation Notes
Many states have begun to implement CIM and are currently executing projects with various achievement goals. Each of the following examples will outline the location of the project, primary goal of the program, primary technology employed on the project, BIM uses applied to the 3D model, and the lessons learned to date.



15

Iowa DOT
Location:
• Statewide 3D-engineered model development 

program

Primary Goal/Focus for Program:
• Use of 3D models for visualization and 

constructability reviews

Technology Used:
• Discipline-specific 3D models
• Digital delivery

BIM Uses Applied:
• 4D schedule integration
• Visualization
• 3D coordination (clash detection)

Lessons Learned:
• 3D visualizations provided by the contractor for 

constructability during this five-year project 
resulted in positive feedback from DOT staff 

Image: Iowa DOT, used with permission

Presenter
Presentation Notes
The Iowa DOT has been implementing BIM for a number of years now. They provide a 3D model to their contractors; however, the contractor mist sign a liability form on the 3D model provided and the governing contract documents are still 2D drawings). The contractor can then use the model for automated machine guidance (AMG), visualization, clash coordination, etc. The most common uses of BIM in Iowa are visualization, communication with the public, and AMG.
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Michigan DOT
Location:
• Statewide 3D engineered model development program

Primary Goal/Focus for Program:
• Use of 3D models for visualization and constructability 

reviews
• Surface modeling for automated machine guidance

Technology Used:
• Discipline specific 3D models
• Existing conditions modeling

BIM Uses Applied:
• 4D schedule integration
• 3D coordination (clash detection)

Lessons Learned:
• Clash detection and 3D visualizations provided 

efficiencies in determining constructability of the project

New York State DOT
Location:
• NY17/I-81 Interchange and the Kosciuszko 

Bridge

Primary Goal/Focus for Program:
• Use of 3D models for visualization

Technology Used:
• Discipline-specific 3D models

BIM Uses Applied:
• 3D model authoring
• Visualization

Lessons Learned:
• Visualization and 3D coordination performed 

during design phase provided cost 
saving/avoidance during construction activities

Presenter
Presentation Notes
The Michigan DOT is one of the early/advanced adopters of BIM. They do provide 3D models to their contractors, which they use mostly for AMG. The Michigan DOT did a pilot project where they 3D modeled all utilities, so they could plan accordingly before starting to dig. 

The New York State DOT is using BIM in a variety of projects, but typically at the design or construction phases. They use it for visualization, communication with the public, and construction sequencing, mostly.

The RFP for the Kosciuszko Bridge included 4D and 5D modeling requirements (a Type 2C CPM schedule). The project requirements included a cost-loading component to the CPM schedule, making it the first bridge project to require the contractor provide a 5D model. 

The modeling requirements were created for the purpose of tracking progress and, more importantly, for issuing interim payments toward the number of aggregate lump sum payment items. In addition, the visualization models provide a way to evaluate and monitor the planned construction activities after the contract award. Specifically, the Kosciuszko Bridge Project requirements called for the development of a 3D design model to support 4D and 5D models of key elements or construction activities. 
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Oregon DOT Selwood Bridge 
Location:
• Statewide 3D engineered model 

development program

Primary Goal/Focus for Program:
• Use of 3D models for visualization and 

constructability reviews
• Surface modeling for automated machine 

guidance

Technology Used:
• Discipline specific 3D models
• Existing conditions modeling
• Digital delivery

BIM Uses Applied:
• 4D schedule integration
• 3D coordination (clash detection)

Lessons Learned:
• Clash detection and 3D visualizations 

provided efficiencies in determining 
constructability of the project

Images: Oregon DOT, used with permission
https://www.oregon.gov/ODOT/ETA/Pages/3D-Design.aspx

Presenter
Presentation Notes
The Oregon DOT is one of the early adopters of BIM. Their 3D design manual can be accessed on their website. There are several big projects where they used BIM; the Selwood Bridge (completed in 2013) is a good example.
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Oregon DOT
(Selwood Bridge Detour)
Location:
• Sellwood Bridge, Portland, OR 

Primary Goal/Focus for Program:
• Use of 3D models for visualization and 

constructability reviews

Technology Used:
• Discipline-specific 3D models
• Visualization, video

BIM Uses Applied:
• Visualization
• 3D coordination

Lessons Learned:
• 3D visualizations provided the platform to 

propose a less expensive, faster, more 
efficient and safer approach to construct 
the project. 

Images: Slayden Sundt, A Joint Venture, used with permission
https://www.autodesk.com/solutions/bim/hub/bim-reduces-cost-sellwood-bridge-project

Presenter
Presentation Notes
The contractor recommended constructing a detour bridge by installing temporary piers and approach spans next to the existing bridge and sliding the original bridge’s steel deck truss onto those temporary structures. The detour bridge would eliminate the cost of steel for two extra ribs running down the middle of the bridge—redundant structural features needed if each half of the bridge was freestanding during construction. It would also free up the existing alignment for more efficient construction and immediately improve safety by offloading traffic from the cracked concrete piers supporting the existing bridge.

They were able to convince the owner since they showed the construction sequence virtually first. Furthermore, 3D/4D models were published on the project website to communicate the status of the project to the public.
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Texas DOT
Location:
• Horseshoe Project I-35/I-30 Interchange, Dallas, TX

Primary Goal/Focus for Program:
• Use of 3D models for visualization

Technology Used:
• Discipline-specific 3D models

BIM Uses Applied:
• 3D model authoring
• Visualization

Lessons Learned:
• 3D visualizations provided by the contractor for 

constructability during this five-year project resulted 
in positive feedback from DOT staff 

Connecticut DOT
Location:
• I-95 New Haven Harbor Crossing

Primary Goal/Focus for Program:
• Use of 3D models for visualization

Technology Used:
• Discipline-specific 3D models

BIM Uses Applied:
• 3D model authoring
• 4D schedule integration
• Visualization

Lessons Learned:
• 3D visualization and 4D schedule integration 

provided clarity to the owner and public

Presenter
Presentation Notes
The Connecticut DOT used 3D/4D BIM (a time stamped 3D model) in some of their projects. The I-95 New Haven Harbor Crossing Corridor Improvement Project is a good example. They modeled bridges and roads in 3D to visualize construction sequences and clash coordination. 
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Wisconsin DOT
Location:
• Zoo interchange I-94 / I-41 / I-894 corridors
Construction Schedule/Project Cost:
• 2013-2018 (completed) / $1.7B
Primary Goals/Focus for Project/Program:
• Electronic project delivery
• 3D models used for 

AMG/grading/paving/structures/utilities
• Conflict/issue resolution in design to reduce costs in field
Technology Used:
• Full Discipline 3D Design Models
• Mobile-static LiDAR high-accuracy survey existing models
• Integrated CAD-BIM-GIS   
BIM Uses Applied:
• 3D/4D design models including staged models
• 3D coordination for discipline clash detection/resolution
• Visualization and cloud-based design-construction reviews
Lessons Learned/ROI:
• 3D coordination and visualization reduced issues in field 
• Cost savings/avoidance reduced change order/bid costs
• Plans quality improved and reduced schedule delays

Images: Wisconsin DOT, used with permission
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Lessons Learned
• BIM for Visualization, 4D (scheduling), and design analysis have been 

deployed by several DOTs—and can be deployed more broadly now
• Some implementation of 5D (cost analysis), AMG, earthwork balancing, 

and 3D mapping of utilities
• Garbage-in garbage-out: Need for model validation to ensure model is 

correct and complete for its intended purpose
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For more information visit:
• Penn State University:  http://bim.psu.edu/
• Transportation Research Board (TRB), National Cooperative Highway 

Research Project (NCHRP) 10-96: 
http://www.trb.org/NCHRP/Blurbs/176610.aspx

• TRB NCHRP Report 831 Volume 2: 
http://www.trb.org/main/blurbs/174321.aspx

• TRB NCHRP Report 831 Volume 1 Guidebook: 
http://www.trb.org/main/blurbs/174318.aspx

http://bim.psu.edu/
http://www.trb.org/NCHRP/Blurbs/176610.aspx
http://www.trb.org/main/blurbs/174321.aspx
http://www.trb.org/main/blurbs/174318.aspx
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FHWA BIM for Infrastructure Point of Contact:
Task Manager
Connie Yew, Team Leader
Federal Highway Administration
1200 New Jersey Avenue, S.E.
Washington, DC 20590
(202) 366-1078, connie.yew@dot.gov

This presentation was developed under Federal Highway Administration (FHWA) contract DTFH61-13-D-00009.

mailto:connie.yew@dot.gov?subject=BIM%20for%20Infrastructure
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