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Learning Objectives
• Identify strategic steps to implement or 

advance BIM within their organizations

• Discuss benefits and costs of 
deploying BIM for infrastructure at the 
enterprise level

• Identify metrics to calculate ROI
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Questions and Answers
• Please type your 

questions into your 
webinar control panel

• We will read your 
questions out loud, and 
answer as many as 
time allows
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Lifecycle BIM for 
Infrastructure
Research Findings & ROI Webinar
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Agenda

• Research Overview
• What is BIM?
• BIM Use Cases
• Costs and Benefits of BIM
• BIM Execution Planning
• Research Findings
• ROI Tool Tutorial
• Q&A Session
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Research Overview



Research Overview
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Desired Outcomes: Development of resources to support 
BIM adoption by highway agencies

Funded By: FHWA Office of Research, Development, & 
Technology (in cooperation with NCHRP)

Objective: To evaluate and communicate the business case 
for BIM deployment in the US



Research Team
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TFRS-02 Panel Members: Lance Parve – WSP (Chair); Morgan Kessler – FHWA (Sponsor); 
Becky Hjelm – UDOT; Bill Pratt – CTDOT; John Wilkerson – MDOT; Jon Starr – NDOT; Mike 

Kennerly – Iowa DOT; Mohamed Mahogub – NJIT; Steve Tritsch - IASU

Quality Assurance
Fernanda Leite
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Project Approach

Concurrent

Specific 
Data 

Requests

Agency 
Feedback



Business Case Framework
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• Benefit-cost analysis (BCA) based ROI 
tool

• Benefits mapped to use cases
• Program level analysis
• BIM capability levels
• Defining BIM
• Base Case vs Investment Case 

Distinctions

Final Report – Chapter 4



Case Studies and BIM Expert Validation

A B C D D

Large 
Domestic: 
NYSDOT

Average 
DOT 1:
CDOT

Average 
DOT 2:
UDOT

Domestic 
Airport:

DEN

Panel of 
BIM SMEs

Final Report – Chapter 3

Case Studies Approach



Case Studies and BIM Expert Validation
Final Report – Chapter 3

Step 1 Develop ROI framework and identify major benefits and 
costs from Literature Review

Task 1: 
Literature Review

Step 2 Map out calculations to identify variables needed for 
monetizing benefits and costs

Task 2: Business 
Approach

Structure & Logic 
Diagrams

Step 3 Gather data needed to calculate benefits and costs 
through case studiesTask 3&6: Case Studies

Step 4
Use expert panel to develop consensus on a range of 
values for all variables, and gather data not identified 
through case studies

Task 6: Expert Panel

Step 5 Apply data gathered to structure & logic models to 
calculate overall return on investment

Task 7: Create Tool to 
Calculate ROI

5-Step Process for Incorporating Expert Opinion



BIM for Asset Management Plan
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Final Report – Chapter 5

4-Part Process for Creating an Implementation Plan

• Part 1: BIM for Asset Data Management 
Strategic Plan

• Part 2: Information Exchange 
Requirements for BIM Asset Data

• Part 3: BIM in the Delivery Phase
• Part 4: BIM for Operation Phase



BIM for Asset Management Plan
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Part 1: BIM for Asset Data Management Strategic Plan

Create a BIM and 
Asset Data Steering 

Committee

Determine a BIM and 
Asset Data 

Management Strategy
Assess and Update 
Technical Portfolio

Final Report – Chapter 5



BIM for Asset Management Plan
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Final Report – Chapter 5

Identify lifecycle 
asset 

management use 
cases

Identify core data 
models for each 

use cases

Define BIM data 
entities (e.g., 
pavement, 

bridge)

Identify data 
properties for 
each BIM data 

entity

Assign 
responsible party 

for data 
collection

Determine ideal 
data exchange 

format

Create data 
exchange 

requirements

Part 2: Information Exchange Requirements for BIM Asset Data



BIM for Asset Management Plan
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Final Report – Chapter 5

BIM for Planning BIM for Design BIM for 
Construction

Part 3: BIM in the Delivery Phase



BIM for Asset Management Plan
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Final Report – Chapter 5

•Data for 
maintenance tasks

•Data collection for 
inventory

•Data for asset 
inspection

Part 4: BIM for Operations Phase



What is BIM?
Defining and Understanding BIM



What Is BIM? 
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Lifecycle 
Management 

Collaborative

Set of Tools

Digital Processes that Touch 
Planning, Design, 

Construction, and O&M
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Asset Management

• Improved inventory 
management and 
inventory record 
models

• Centralized 
databases

Infrastructure Project 
Delivery

• Capture existing 
conditions, review 
and compare with 
design models, and 
analyze engineering 
performance

Maintenance Schedules 
and Work Orders

• Use road or bridge 
models to schedule 
maintenance 
activities

• Information about 
design can be 
accessed in the 
field

Using BIM for Data Management 



Case Examples
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Using BIM for Infrastructure Design
Improve Design 

Processes

• Find most effective 
engineering method

• Leverage design 
element library

• More detailed reviews
• Integration and 

acceleration of 
processes 

• Enhanced information 
sharing and data 
retrieval

Clearly Identify 
Cases

• Infrastructure cases 
must be identified and 
planned

• Used for different 
project phases

• 4D model shows 
construction phases 
and space 
requirements

• Mapping a project 
lifecycle with BIM to 
perform cost estimates



Using BIM for Construction Management 
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Project Delivery Materials & Drawings Assembly Processes

• Reduction in 
schedule delays

• Increased 
productivity

• Automated 
assembly 
processes

• Increased 
prefabrication of 
construction 
materials

• Production of in-
house shop and 
field drawings



BIM Use Cases
How BIM Is Being Used by States and Industry



Determining the Right Use Case for BIM
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Determining the Right Tools for BIM

22



CDOT: I70G Edwards Spur Road 
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• This project improved the intersection of I70G and U.S. Highway 6 by creating a 
2-lane roundabout and adding pedestrian bridges and other features. 

• CDOT utilized BIM as a risk mitigation strategy, creating 3D models to analyze 
and improve the engineering design.

Cost $21 million

Completion date October 2020

Time savings from improved 
design efficiency

40-80 hours

Cost savings from avoided change 
orders

$1.5 million

Source: Colorado DOT



Determining the Right Tools for BIM: 
CDOT
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• Purpose: To create corridors, 
surfaces, and solids of 
infrastructure objects to 
perform clash detection and 
prepare traditional 2D plan 
sets. 

• Tools: 
• Aerial lidar and ground 

survey to create existing 
condition model

• 3D design software 
• Subsurface utility and 

drainage analysis library 
for future use

Source: HDR, Inc. ©



Denver International Airport 
• This project included Denver International Airport’s (DEN) construction of 

a commuter rail transit center and a 519-room hotel.
• DEN used BIM for 3D modeling during the design phase, 4D modeling

during the construction phase, and as a data source for facility 
management.
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Cost $720 million

Time savings in document review 20% reduction in 
approval time

Cost savings from focusing on 
preventive maintenance rather than 
corrective

5x reduction in 
cost 

Source: Autodesk (courtesy of Denver International 
Airport and HNTB)



Determining the Right Tools for BIM: 
DEN
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• Purpose: Develop 3D models 
to support design of the 
commuter rail transit center 
and hotel.

• Tools: 
• Revit software
• 3D computer-aided design 

tools
• Cloud-based BIM 

management solutions

Source: Autodesk (courtesy of Denver International 
Airport and Gensler)



Highways England

• This project included Highways England’s 
construction of a 7-kilometer highway in Cheshire in 
Northwest England to expand capacity in a 
congested corridor. 

• Highways England utilized BIM for automated 
machine guidance and 3D modeling. 
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Cost £200 million

Cost savings in reduced redundancy £1 million 

Cost savings from optimization of 
construction material

£300,000



Determining the Right Tools for BIM: 
Highways England
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• Purpose: Automated machine 
guidance and modeling to 
support construction of 
highway.

• Tools: 
• BIM software such as Revit
• Data Design Systems (DDS) 

viewer
• Navisworks software



NYSDOT Kew Gardens
• This project included the New York State Department of Transportation’s 

(NYSDOT) implementation of operational improvements for the Kew 
Gardens Interchange. 

• NYSDOT utilized BIM for 3D, 4D, and 5D modeling. 
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Cost $728 million

Time savings from reusing 
previous BIM content

80-120 hours

Time savings on compiling and 
checking earthwork quantities 

11 days

Source: Courtesy of NYSDOT, Halmar 
International, and HDR, Inc.



Determining the Right Tools for BIM: 
NYSDOT
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Purpose: Use digital models to 
support the implementation of 
operational improvements for the 
Kew Gardens Interchange.

Tools: 
• Roadway design – Inroads 

SS2 (using NYSDOT standard 
template library)

• 3D CADD software –
Microstation to develop 3D 
solids for structures

• 4D and 5D modeling and 
simulation software

Source: Courtesy of NYSDOT, Halmar 
International, and HDR, Inc.



UDOT Digital Delivery 

• These projects include the Utah Department of Transportation’s (UDOT) work 
using modeling as a legal document, including its work on I-80, SR-68, and SR-
209. 

• UDOT utilizes BIM across a variety of projects to capture existing conditions, 
estimate material quantities, and create 3D models.
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Number of projects 14

Typical cost $5 million-
$50 million

Cost savings Reduction in change orders 
and more efficient 
construction inspections

Source: HDR



Determining the Right Tools for BIM -
UDOT
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Purpose: Capture existing 
conditions, estimate material 
quantities, and create 3D models. 

Tools: 
• Lidar for light detection and 

ranging
• 3D modeling software 

(InRoads SS4)
• Global Positioning 

Systems (GPS) and 
Geographic Information 
Systems (GIS)

• Drones for inspections
• UPlan web mapping 

application
Source: Courtesy of UDOT



Best Practices & Lessons Learned
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• Training is key!
• CDOT recommends training programs that cover uses 

of technology, BIM processes and methods, use of 
modeling standards.

• Standards must be established and continuously 
reviewed.

• NYSDOT found that standardization of BIM tools saves 
time and prevents manual adjustments later.

• Collaboration leads to success.
• Highways England recommends that designers and 

contractors work together to achieve mutual project 
goals.



Best Practices & Lessons Learned 
Continued

34

• Leverage Machine Learning & 3D Models
• UDOT found that machine learning helped improve and 

automate existing processes (ex: automated model 
generation via Scan-to-BIM).

• NYSDOT recommends developing 3D models for non-
roadway features ahead of releasing construction plans.

• Dedicated Leads & Stakeholder Input
• Having a dedicated lead can help ensure processes are 

followed, stakeholders are on board, and the right use 
cases/tools are identified.



Costs and Benefits 
of BIM

How Investing in BIM Creates 
Long-Term Benefits



Input-Output Approach for Identifying 
Outcomes from Adopting BIM
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ROI Defined

• ROI analysis determined by 
benefit-cost analysis (BCA)

• Base Case:
• State of the world where 

investment in BIM is not 
made (i.e., business as 
usual)

• Investment Case:
• State of the world where 

investment is made
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Period of 
Analysis 
(years)

Costs ($)
• Software licensing
• Hardware upgrades
• Staff training

Benefits ($)
• Agency cost 

savings
• Project cost savings
• Staff time savings
• User benefits

Discount 
Rate (%)

ROI Estimates
• B/C ratio
• Net present value



ROI Approach

• Mapped benefits to one or more use 
cases to create a link

• Purchasing functionality that 
supports more use cases provides 
more opportunities for benefits

• Program-level ROI
• Costs not fully recovered by one 

project
• Some benefits accrue to the agency, 

not a specific project
• Benefits build up over time
• Program of “typical” projects
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Agency Maturity
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Adapted from original source: Source: Succar, et. al., 2013

Increasing BIM Maturity



BIM Capability Stages 
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Capability Stage 0

Capability Stage 1

Capability Stage 2

Capability Stage 3

25% of possible benefits realized

50% of possible benefits realized

25% of possible benefits realized



BIM Investments

• Implementing BIM can require significant upfront investments, 
including:

• Transforming legacy processes and practices.
• Employee training initiatives. 
• Software and hardware. 

41



Framework: Costs of Implementing BIM 
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Software & 
Processes

Hardware

Staff

Subscriptions Upgrades & 
Technologies

Training and 
Hiring

Initial Costs Ongoing Costs



BIM Outcomes
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Framework: Quantifiable Benefits of 
Implementing BIM

In-house agency 
cost savings Project cost savings

Staff time savings User benefits 
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Data Collection on Costs and 
Quantifiable Benefits
• Identified major costs and 

benefits of BIM from 
literature review

• S&L diagrams to identify 
variables needed

• Gathered data through:
• Literature review
• Case studies
• Expert panel

45

Literature 
Review

Case 
Studies

• Cost & benefit categories
• Structure & logic diagrams
• Values of input variables

Expert 
Panel

• Fill data gaps
• Obtain 

consensus on 
values/ranges

• Validate ROI 
framework

ROI Model

ROI Results



Agency-Specific Benefits
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CDOT DIA Highways England NYSDOT UDOT

Improved Design Efficiency ✔ ✔

Avoided Change Orders ✔ ✔ ✔ ✔

Improved Schedule Management ✔

Construction Material Optimization ✔

Improved Worker Safety ✔ ✔ ✔

Reduced Need for Non-Scheduled Maintenance ✔

Reduced Physical Storage Needs ✔

Improved Quantity Estimation ✔

Pre-Construction Utility Visualization ✔

Accelerated Delivery ✔

Increased Accuracy in Material Quantities ✔

Identification of Alternate Construction Options ✔

Centralization of Information ✔

High-Quality Design and Visualization ✔



BIM Execution Planning
Planning for Successful Implementation



BIM Execution Planning (BEP)

• BIM Project Execution Plan
• The BIM Execution Plan is a plan developed by the project team that 

defines how BIM will be implemented throughout the project lifecycle. 
• BIM Project Execution Planning Procedure

• A process for planning the execution of BIM on a project. It has five 
primary steps: 

1) Define Goals for BIM adoption
2) Identify BIM Uses
3) Design BIM Project Execution Process
4) Develop Information Exchanges
5) Define supporting infrastructure for BIM implementation

48

Source: The BIM Project Execution Planning Guide, Version 3, The Pennsylvania State University



BIM Execution Planning (BEP) 
Workflow
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Goals

BIM Uses

Process

Information 
Exchange

Infrastructure

Source: BIM Project Execution Planning Guide available at bim.psu.edu



Determining BIM Goals
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Goals

BIM Uses

Process

Information 
Exchange

Infrastructure

Source: BIM Project Execution Planning Guide available at bim.psu.edu

Priority (1-3)
1= Most 

Important

Project Goal Potential BIM Uses

1 Ensure a high quality of design and design 
documentation

Design Authoring, Design 
Reviews, 3D Coordination

1 Coordinate the sequence of construction 
activities

4D Modeling

2 Increase the productivity of field installation Design Reviews, 3D 
Coordination

2 Accurately track the progress of 
construction

4D Modeling

2 Develop an accurate record of the accepted 
construction model for use in future projects

Record Model (or Digital 
As-Built), 3D Coordination

1 Assess engineering design functionality Engineering Analysis

3 Accurately review the cost impact of 
changes in a timely manner

Design Authoring, Cost 
Estimation



Identify BIM Uses
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Goals

BIM Uses

Process

Information 
Exchange

Infrastructure
Source: BIM Project Execution Planning Guide available at bim.psu.edu



Design BIM Process
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Goals

BIM Uses

Process

Information 
Exchange

Infrastructure
Image Source: UDOT Model Development Standards available at 
https://digitaldelivery.udot.utah.gov/pages/standards

Example of a Modeling Authoring Process Map



Develop Information Exchanges

Source: UDOT Model Development Standards available at https://digitaldelivery.udot.utah.gov/pages/standards

Goals

BIM Uses

Process

Information 
Exchange

Infrastructure



BIM Level of Development (LOD)

54

LOD 100
Overall 

massing that 
is 3D

LOD 200
Elements 

modeled as 
generalized 
assemblies

LOD 300
Elements 

modeled as 
specific 

assemblies

LOD 400
Modeling with 

complete 
details for 

construction 
(e.g., 

reinforcing 
steel)

LOD 500
Elements 

modeled as 
constructed 
or “As-Built”

Source: Extracted from NYSDOT BIM LOD KGI Contract 
Requirements
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Example LOD

Source: UDOT Model Development Standards available at https://digitaldelivery.udot.utah.gov/pages/standards



Develop Supporting Technology 
Infrastructure 

Goals

BIM Uses

Process

Information 
Exchange

Infrastructure

Examples of Technology Infrastructure
• Software

• Support each use case
• Hardware 

• Computers that can accommodate 
the software requirements

• Telecommunication/IT requirements
• Internet speed 
• Connection to fiber lines
• Cloud usage



BIM Roles & Responsibilities

57

Lead Information Manager/
Digital Delivery Lead

Engineer/Designer

Model User(s)Model Manager



Key Takeaways
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Potential Use 
Cases

Lessons 
Learned From 
BIM Network

BIM 
Execution 
Planning



Research Findings



Research Questions
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1. Can benefits of BIM be quantified?
2. Are the benefits of BIM substantial enough 

to justify the investment?
3. What is the cost of inaction?
4. How do you maximize the benefits of 

BIM?



Research Questions Answered
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Can benefits be quantified?

Yes – we identified 20 quantifiable benefits. 



Research Questions Answered
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Are the benefits of BIM substantial enough to justify the 
investment?

Yes – using the ROI tool – there are positive 
returns.



Research Questions Answered
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What is the cost of inaction?

There is a significant long-term cost of not 
investing in BIM.



Research Questions Answered
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How do you maximize the benefits of BIM?

• Optimize Use Cases
• Higher BIM Maturity Levels
• Open BIM Standards



Research Conclusions
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Final Report – Chapter 6

• BIM provides significant opportunities to use digital data 
for lifecycle asset management

• International and domestic standards initiatives can 
provide structured guidance

• Research products can assist in developing a 
customizable ROI framework

• A high-level strategic plan can accelerate the 
advancement BIM adoption

• Communication and training are key components for 
successful implementation



Suggestions for Future Research
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• Support for data schema standards to facilitate 
interoperability

• Structured guidance for defining approaches to 
standardization of processes to ensure consistency

• Benchmarking data to support individual business 
cases

• Solutions for legal and contractual challenges
• Channels to support education and training of all 

affected parties

Final Report – Chapter 6



Research Products
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Excel-Based 
ROI Toolkit

Multi-Media 
Package

Final Report



ROI Tool Tutorial



ROI Tool Tutorial-
Additional Slides



Using the ROI Tool
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Using the ROI Tool
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Using the ROI Tool



Using the ROI Tool
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Using the ROI Tool
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Using the ROI Tool
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Using the ROI Tool
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Using the ROI Tool
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Using the ROI Tool
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Other TRB events for you
• November 15: Shovel Ready – Using Digital Terrain 

Models in Construction 

https://www.nationalacademies.org/trb/events

#TRBWebinar

https://www.nationalacademies.org/trb/events


• Subscribe to the newsletter for the most recent 
TRB news & research

https://bit.ly/ResubscribeTRBWeekly

https://bit.ly/ResubscribeTRBWeekly


TRB’s New Podcast!
• Have you heard TRB’s Transportation 

Explorers?
• Listen on our website or subscribe 

wherever you listen to podcasts!

#TRBExplorers

https://www.nap.edu/trb/podcasts/


Get involved with TRB
• Receive emails about upcoming webinars: 

https://mailchi.mp/nas.edu/trbwebinars

• Find upcoming conferences: 
https://www.nationalacademies.org/trb/
events

#TRBWebinar

https://mailchi.mp/nas.edu/trbwebinars
https://www.nationalacademies.org/trb/events


Get Involved with TRB

Be a Friend of a Committee bit.ly/TRBcommittees
– Networking opportunities

– May provide a path to Standing Committee membership

Join a Standing Committee bit.ly/TRBstandingcommittee

Work with CRP https://bit.ly/TRB-crp

Update your information www.mytrb.org

Getting involved is free!

http://bit.ly/TRBcommittees
http://bit.ly/TRBstandingcommittee
https://bit.ly/TRB-crp
http://www.mytrb.org/
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