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EXECUTIVE SUMMARY

UDOT has conducted several digital delivery pilots, in particular with 3D model-based
information forming the primary medium for the construction contract documents. Subsequently,
UDOT has made investments in formalizing its approach to digital delivery: publishing and
updating a guideline for executing digital delivery on projects and a Model Development
Standards Manual (MDSM). The objectives of this research were to determine how UDOT’s
approach to digital delivery aligns with the trajectory of national and international standards and
to capture insights from other industries related to managing and exchanging digital information.

The research focused on standardization and interoperability for digital delivery in the
highways industry, the broader construction industry, and other related industries. The literature
review identified that there is international consensus for the approach to construction
information management using Building Information Modeling (BIM) and Industry Foundation
Classes (IFC). There are consensus standards for both that are published as International
Organization for Standardization (ISO) standards. The consensus standards address management,
technical, and commercial elements of Organizational Information Requirements (OIR). While
interoperability is a key requirement for durable and accessible information, the IFC extensions
to support bridges and roads are still being developed. Other industries experience the same

issues of data exchange, which they manage by documenting processes in detail.

UDOT’s MDSM and digital delivery guidelines, as well as other manuals, address nearly
all the elements of OIR. Some of the detailed OIR elements, such as object-based information
requirements that qualitatively describe the geometry and information for highway assets lack
consensus standards. UDOT can refine the detailed requirements through piloting the MDSM
and guidelines. UDOT can monitor emerging consensus standards by continuing to participate in
American Association of State Highway Transportation Officials (AASHTO) committees and
the Transportation Pooled Fund (TPF) study for BIM for bridges. It may take several years for
the IFC extensions to be viable for project delivery due to the lag of software development to
support IFC and industry adoption of the new releases. The technical limitations of digital
delivery are manageable, but the human factors will affect the behavioral economics of user

acceptance and the ability for industry to embrace and scale digital delivery.



1.0 INTRODUCTION

1.1 Problem Statement

Digital delivery for project development means delivering the design intent for
construction and receiving an as-built record of the facility in a 3D, digital format. UDOT’s
definition of digital delivery is broader; for UDOT, digital delivery encompasses the availability
of digital project and asset information to all UDOT departments. Since 2014, UDOT has
pursued digital delivery for the design and construction of roads and bridges. UDOT’s goals for
digital delivery include removing the inherent inefficiency of 2D plan-based workflows and to
create a repeatable, digital process to communicate data through the construction lifecycle from

design to asset management. (Utah Department of Transportation, 2019)

UDOT has had many notable successes with digital delivery and is one of the states
leading process development for the nation. UDOT now wishes to formalize the digital delivery
processes in order to scale the practice to statewide standard practice. Given UDOT’s national
leadership, it is important that UDOT standardize processes that align to the less mature,
emerging consensus standards. This research will document new developments of Industry
Foundation Classes (IFC) for roads and bridges, examine other emerging and ongoing research
and development by peer agencies, as well as look at other building industries to provide insights
that relate to UDOT’s creation of a Model Development Standards Manual (MDSM).

1.2 Objectives
The objectives of this research are to:
e Determine whether UDOT’s approach to digital delivery aligns with the trajectory of
national and international developments.

e Provide insights from the approaches other industries take to managing and
exchanging digital information.



1.3 Scope

This research involved a desktop search and literature review, followed by analysis to

align the findings to UDOT’s goals and objectives.

1.4 Outline of Report

The report includes the following chapters:

e Introduction, which provides an orientation to the report,

e Research Methods, which describes the approach to conducting the research in each
of the content areas,

e Literature Review, which summarizes the collected information,

e Discussion, which relates the collected information to UDOT’s MDSM,

e Conclusions, which summarize the lessons learned from the literature search as
related to UDOT’s MDSM, and

e Recommendations, which describes potential next steps for UDOT to:

Refine the MDSM and guidelines,

Monitor the alignment to national and international consensus standards,
Support the development of missing detailed consensus standards for
highways, and

Support workforce development to scale the capability and capacity for digital
delivery in Utah.



2.0 RESEARCH METHODS

2.1 Overview

The data that drives highway construction automation, like Automated Machine
Guidance (AMG) is surprisingly simple. Concrete paving automation like continuous slipform
paving has been in use since the early 2000s. The data used to drive these systems—simple
three-dimensional (3D) line strings—has not changed in two decades. In that time, Computer-
Aided Design and Drafting (CADD) software has become more sophisticated, making it easier to
generate 3D roadway designs and produce the data required for construction automation systems.

Why is it, then, that digital delivery is still nascent in the highway construction industry?

This research examines current approaches to digital delivery in highway and bridge
construction to identify challenges and successful methods to resolve them. It explores whether
or not the current issues are unique to highway and bridge construction and seeks potential

solutions from within the highway and bridge construction realm and from related industries.
The research will:

e Explore emerging digital delivery practices in the highway and bridge construction
industry to identify the framework and thrust for digital delivery. It will answer
questions like: Why are we going this way, what are our touchstones, which paths are
we currently exploring?

e Identify where the paths align with more mature practices in the general Architecture-
Engineering-Construction (AEC) industry (e.g., buildings). It will answer questions
like: What are the strategies and approaches and are they valid for UDOT?

e Examine other related industries to identify potential solutions to common issues. It
will answer questions like: Do other industries experience these problems and how do
they resolve them?

2.2 Digital Delivery Framework

The AASHTO executive board signed an Administrative Resolution (AR-1-19) in 2019,
which noted that transportation agencies are progressing toward Building Information Models

(BIM) as the successor to the standard plan set for highway infrastructure projects. The



resolution also noted that transportation agencies need the ability to exchange data seamlessly to
implement asset management more efficiently throughout the lifecycle of the asset. (American
Association of State Highway Transportation Officials, 2019) The migration to BIM as a
replacement for a centuries-long practice of communicating design intent through sets of plans,
as well as the need to exchange digital asset information across phases of the asset lifecycle, both
represent a significant disruption to how transportation agencies conduct the business of project

development. “Digital delivery” is the term used to describe the end state of this disruption.

While the efficiencies of exchanging digital information are compelling, it is important
not to take for granted the simplicity and accessibility of two-dimensional (2D) paper plans.
Leonardo da Vinci conceived of machines that were impossible to fabricate 500 years ago, but
his drawings are now available to download as 3D printing files (STLFinder, 2020) because the
conventions of creating 2D plans have endured, making his designs readily interpretable. The
transition to digital delivery—using BIM—will create opportunities for efficiency, but it must
also preserve the accessibility and durability of plan-based delivery while addressing the

challenges that digital media introduce.

The framework for digital delivery begins with establishing the requirements for
delivering plan information digitally. Construction plans serve a variety of audiences, including
less technically proficient and less resourced stakeholders, such as the general public, small
utility owners, and, occasionally, legal personnel. Once the regulatory and policy requirements
are defined, the information delivery requirements can be established. This provides a means by

which potential digital solutions may be evaluated to identify and close gaps.

Figure 2.1 describes desirable attributes of the digital delivery framework as a Venn
diagram. The diagram uses four foundational attribute sets: interoperable, secure, standardized,
and open. In the diagram, “open” means that the information is publicly available. The various
intersections of sets are labeled with other attributes. For example, the intersection of the
“standardized,” “open,” and “secure” sets is “predictable.” The intersection of the “secure” and

“interoperable” sets is “durable.”



Figure 2.1 Digital Delivery Requirements Described as a Venn Diagram

The policy and procedures for publishing information and securing electronic information
are relatively mature. For example, UDOT has had an active online open-data portal for many
years that discloses project and geospatial information to the public. Most state transportation
agencies, including UDOT, use a digital plan room which, in UDOT’s case (Project Explorer)
requires a login issued by UDOT. This research will focus on the two more dynamic areas of
policy and procedure development: standardization and interoperability.

2.2.1 Standardization

The National Institute of Building Sciences (NIBS) maintains the National BIM
Standard-United States® (NBIMS-US™), which is developed by committee. Now in its third
version with the fourth in development, the NBIMS-US™ is a compendium of consensus-based
standards created by referencing existing standards, in particular to document information
exchanges for the entire built environment. (National Institute of Building Sciences, 2015)
Another key focus area of the NBIMS-US™ is a compendium of practice documents that cover
practices such as for establishing minimum BIM requirements, for managing the execution of

BIM on projects, and for developing practical BIM contract requirements. (National Institute of



Building Sciences, 2019) Many of the referenced standards have undergone further development
since the NBIMS-US™ V3 was published, including:

e The BIM Project Execution Planning Guide — Version 2.1 of 2011 was updated and
Version 2.2 was published in 2019. (Messner, et al., 2019)

e The BIMForum Level of Development Specification of 2013 enjoyed annual updates
until 2019. (BIMForum, 2019)

e The United States Army Corps of Engineers (USACE) continues to develop their
approach to defining BIM model element grades and deliverable requirements.
(CAD/BIM Technology Center for Facilities, Infrastructure, and Environment, 2019)

This research conducted a desktop study to identify approaches to standardize the

following:

e Information specifications, in particular, for design and construction submittals,
e Information management in design and construction, and
e Collaboration using shared data.

Sources included published standards and requirements documented in policies, guidance
documents, standard contract templates, and other relevant official documents. The search began
within the highway and bridge market and expanded to the broader AEC industry, and then to
other related disciplines such as aerospace, manufacturing, industrial engineering, chemical

processing, and electrical distribution.

2.2.2 Interoperability

The AASHTO AR-1-19 resolved to adopt the IFC Schema as the national standard for
AASHTO states to exchange information. (American Association of State Highway
Transportation Officials, 2019) This resolution followed years of work to develop data standards
within the state highway domain and especially focused on bridges. Early data standardization
efforts with LandXML and TransXML foundered due in part to a lack of stewardship. By the
time a workshop was convened to discuss the future of TransXML, buildingSMART
International (bS1) had already initiated a conversation on expanding IFC to cover roads, bridges,
and other horizontal infrastructure. (Turnbull, 2014) Mlynarski & Hu (2016) evaluated a range of
standard data formats for bridges, performed a gap analysis, and recommended IFC. AASHTO

members subsequently formed a TPF study to provide a funding mechanism for AASHTO to



govern and steward standardization of BIM for bridges and structures in the United States.

(National Cooperative Highway Research Program, 2017)

At the time of writing, the IFC schema is still being developed to provide foundational
support for highways and bridges. (Moon, et al., 2018) (Borrmann, et al., 2019) This research

explored interoperability with an emphasis on:

e Describing the status of IFC standards for roadway and bridge elements,

e Describing the future development of IFC, and

e Establishing realistic expectations for the practical application of IFC on roadway and
bridge projects.

Primary sources were:

e Documents developed as part of the projects to extend the IFC schema to
accommodate roads, bridges, and other linear infrastructure,

e Other documents developed by the bSI InfraRoom,

e Published papers and other documents describing IFC infrastructure projects, and

e Documents describing dependent standards.

2.3 Summary

The primary areas of development to implement digital delivery for highway and bridge
construction are interoperability and standardization. These will be explored looking within state
transportation policy and guidance documents, ongoing industry developments nationally and

internationally, and in external, related industries such as manufacturing and aerospace.

The pertinent research question is: Does UDOT'’s current approach to digital delivery
align with the nascent approach of the US transportation industry? To fully answer, it is
necessary to capture insights on how other industries experience and resolve similar problems of

interoperability and standardization for the exchange of digital data.



3.0 LITERATURE REVIEW

3.1 Overview

Data is an enterprise asset, but using that data to disrupt an organization is an artifact of
performing analytics with the data. Henke, et al. (2016) examined how data and analytics cause
disruption. The biggest barrier they identified to realizing value from data is people: Are they
open to incorporating data-driven insights and does the organization have the right talent to
generate those insights? Consequently, they concluded, most companies are still underachieving

in terms of realizing value from their data assets.

Data marketplaces connect data users to the providers of that data. (Henke, et al., 2016)
Streetlight Data is an example of a data aggregation and analytics provider in the transportation
operations domain. Streetlight Data collects, indexes, and processes smartphone location
information and analyzes it in the context of publicly-available spatial datasets like roadway,
sidewalk, and bike-lane inventories. Streetlight Data then performs analytics as a service for
public and private clients. (StreetLight Data, Inc., 2020) This is an example of what Henke et al.
(2016) describe as an “orthogonal dataset,” which provides value by aggregating data across
siloes to disrupt, in this case, the transportation planning industry. Digital delivery for
construction will bring new datasets to UDOT and with standards and interoperability, UDOT

may use those datasets across the agency in ways that create new value.

In Europe, public sector organizations from twenty-one countries came together to form
the EU BIM Task Group to produce a European-wide cohesive, strategic approach for BIM. The
resulting EU BIM handbook establishes a common performance definition of BIM that is
consistent with existing and developing standards. (EU BIM Task Group, 2017) The handbook
makes a number of action recommendations—both strategic and specific to implementing four

performance-level capabilities, namely: Policy, Technical, Process, and People and Skills.



Table 3.1 Recommended Strategic Actions to Implement BIM in the EU.

Action

Motivation

Define compelling drivers, a
vision and goals

Document the value proposition
and strategy

Identify sponsor, funding, and
stewardship team

Engage early with industry
Create networks

Use mass communication, events,
media, web, and social media

Develop the legal and regulatory
framework

Reference or develop technical
and process standards

Build skills, tools, and guidance
Promote industry pilot projects

Increasing use of a strategic lever
to grow capacity

Measure and monitor progress
and embed change

Builds support and alignment among stakeholders with a
focus on the expected outcomes from action.

Justifies the resources necessary for investment and builds
buy-in from stakeholders.

Enables provision of funds and action to be taken.

Builds buy-in, alerts industry to prepare for change,
identifies champions who can help lead the change.

Disseminates information. Enables communities of
practice to interpret the program for their specific context.

Uses a variety of channels to reach dispersed stakeholders
with a clear message.

Clarifies the process and requirements to overcome
barriers to the digital information exchange.

Provides a consistent language and common
understanding of the required BIM outputs.

Creates capacity in the effective and consistent use of
BIM to meet the requirements.

Builds confidence among stakeholders, provides feedback
for improvement, and examples of effective practices.

Provides industry certainty and confidence to begin
investing in the transition and workforce development.

Inspires and continues to build support from industry for
the transition.

Figure 3.1 further describes the four defined areas of the EU performance level for BIM

implementation. Table 3.2 lists the implementation action recommendations. Figure 3.1 and

Table 3.2 are reproduced according to the usage requirements from the Handbook for the

Introduction of Building Information Modelling by the European Public Sector (EU BIM Task

Group, 2017).
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Responsibilities Legal and contractual

Skills Procurement
Capacity Specified data requirements
Incentives Delivery plan

Data exchange Security
Collaborative working & coordination Technical information
Information management Validation
System engineering Use

Figure 3.1 Common EU Performance Level for the Implementation of BIM

Table 3.2 Recommended Actions to Implement BIM in the EU.

Category Action Motivation
Policy Contractual Supports effective collaboration, improves compliance
requirements with standards for producing and delivering models and
data, and establishes rights for digital data use.
Establish information Establishes clear technical, process, and deliverable
requirements requirements for digital data so that submittals meet the

owner’s needs and expectations.
BIM capability criteria ~ Clarify the BIM capability and capacity needed to meet
the requirements and optionally include in best-value

awards.
BIM execution plan Plan the information delivery to ensure all parties
requirement understand their responsibilities and are prepared.

Technical Vendor-neutral data Increases interoperability, supports diversity in the
exchange supply chain, and supports retrieval of archived data.
Obiject-oriented Provides the capability to define the context within
organization of which the object is used. It enables classification
information systems a common referencing framework.

Process  Container-based Container-based collaboration (one editor at a time) is a
collaborative working step towards collaborative centralized databases with
per 1SO 19650.1 multiple concurrent editors.

Common data Provides the ability to communicate, re-use, and share
environment data efficiently without loss, contradiction, or

misinterpretation.
People Assign responsibility for Projects generate a vast amount of data that needs
& Skills  data and information stewardship and governance.
management

L A container is typically called a “file,” and may contain a 3D model, a drawing, a document, table, or schedule.
Containers are categorized as document containers, graphical information containers, or non-graphical information
containers. (EU BIM Task Group, 2017)
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3.2 Standards

The NBIMS-US™ provides a framework for collaborating and exchanging digital data
about built assets. Initial work on the NBIMS-US™ began in 2005 and a committee is currently
working on an updated, fourth version. As noted in the previous chapter, NBIMS-US™ V3
references existing standards and practice documents, some of which have been revised since
NIBS published NBIMS-US™ V3. This review used the most recent version of the referenced
standards. The NBIMS-US™ has a broad scope; it encompasses the whole lifecycle of building
assets, including the design of heating, cooling, ventilation, water, fire prevention and electrical
systems, and energy performance analysis. (National Institute of Building Sciences, 2015) The
referenced practice documents are based on the use of BIM on projects. The practice documents
cover the processes and templates used to establish favorable uses of BIM, describe the model
requirements to support those uses, define how and when the models will be used for

collaboration, and define the contract requirements for delivering the model-based information.

The British Standards Institution published BS 1192, which is a code of practice for the
collaborative production of AEC information in the United Kingdom (UK). (The British
Standards Institution, 2016) The UK government considers BIM to be essential to achieve the
objectives of digitizing the built environment, which includes buildings and civil works. The UK
government has mandated the use of BIM on all design and construction projects since April
2016. (Ashworth, et al., 2017) Over the past several years, a number of Publicly Available
Specifications (PAS) were developed to build on and extend BS 1192.

The series of five PAS 1192 documents, beginning with PAS 1192-2:2013, provide
standards, specifications, codes of practice or guidelines to implement the UK BIM mandate.
The framework created by the last version of BS 1192 (i.e. BS 1192:2007 + A2:2016) and the
various PAS 1192 documents establish the requirements for BIM Level 2, as mandated since
2016. (McPartland, 2017) The BS/PAS 1192 documents are in the process of being formalized as
ISO standards (ISO 19650), beginning with BS 1192:2007 + A2:2016 and PAS 1192-2:2013,
which have been replaced by ISO 19650-1:2018 and ISO 19650-2:2018, respectively. ISO

19650-1:2018 establishes the concepts and principles for business processes to support creating
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and managing BIM-based information at any stage in the asset lifecycle. (International

Organization for Standardization, 2018)
ISO 19650-1:2018 establishes a framework that includes:

e Perspectives of project and asset information management,

e Definition of information requirements and the resulting asset and project information
models,

e The information delivery cycle and its alignment to the asset lifecycle,

e Project and asset information management functions,

e Delivery team capability and capacity,

e Information container-based collaboration,

e Information delivery planning, including timing, responsibility, and defining a
federation strategy and breakdown structure for information containers,

e Managing collaborative information production, including level of information and
information quality, and

e The Common Data Environment solution and workflow. (International Standard for
Organization, 2018)

ISO 19650-2:2018 specifies information management processes at each step in the
project delivery process, i.e. pre-procurement, advertising (“invitation to tender”), letting
(“tender response”), award (“appointment”), mobilization, construction (“collaborative
production of information”), acceptance (“information model delivery”), and close-out. The
contractor provides their BIM execution plan at award. The BIM execution plan documents how
the contractor proposes to manage information and describes the contractor’s information

management capability and capacity. (International Organization for Standardization, 2018)

One of the core features of PAS 1192-2 was establishing “Employer’s Information
Requirements,” where the “employer” is the facility owner. ISO 19650-1:2018 revised the term
to Organizational Information Requirements (OIR). Per ISO 19650-1:2018, the owner develops
OIR, which are used to generate Asset Information Requirements (AIR) that specify an Asset
Information Model (AIM). The AIR informs the Project Information Requirements (PIR) that
specify a Project Information Model (PIM) for design and construction. Figure 3.2 illustrates the
BS/PAS 1192/1SO 19650 framework as described above. The PAS 1192 framework has

additional documents that are not illustrated.
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Figure 3.2 A Subset of the BS/PAS 1192/1SO 19650 Framework

Employer’s Information Requirements, or OIR (per ISO 19650-2:2018), are a key part of
EU BIM Handbook. Ashworth, et al. (2017) conducted a literature search, focus group
interviews, case study interviews, and expert peer reviews and interviews to examine the
effectiveness of OIR to meet owners’ and facility managers’ needs. They found three factors that

contributed to positive value capture in operations: (Ashworth, et al., 2017)

e Having a good understanding of BIM standards,
e Early and active engagement in the BIM process, and
e Understanding how to use OIR at the start of the BIM process.

As Figure 3.2 shows, the OIR drive the AIR and inform the PIR that the contractor must
satisfy through BIM. PAS 1192-2:2013 (now ISO 19650-2:2018) begin with the owner defining
the OIR and the Common Data Environment (CDE) requirements, as well as the information
management processes (i.e., BIM execution plan). When these are defined clearly up front, it
streamlines the development of the PIR and the PIM during design and construction. Ashworth
& Tucker (2017) developed a template and guidance for developing the OIR. This guide focuses
specifically on the information to be delivered to the owner so that the minimum BIM
requirements are established at the start of the project. The template guides owners through
documenting basic project and contact information before establishing the information delivery
requirements in three categories: management, technical, and commercial. Table 3.3 lists the

content of the OIR in each of these three categories.
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Table 3.3 Structure and Content of OIR. (Ashworth & Tucker, 2017)

Management Requirements Technical Requirements Commercial Requirements

e Standards and guidelines e Software e Information deliverables
e Contract terms and ¢ IT and system performance aligned to project delivery
conditions constraints milestones
¢ Roles and responsibilities e Data exchange formats e BIM capability and
for project delivery e Common coordinate capacity evaluation criteria
e Enterprise asset systems for business partners
management systems e Levels of definition e BIM evaluation criteria for
e Model authoring and e Specified data formats awards
management protocols e Specified attribute data
model

3.2.1 Collaboration

Collaboration standards provide the framework for creating, sharing, using, and
delivering digital data on a project. PAS 1192-2: 2013 established the framework, roles and
responsibilities for collaborative use of BIM in a Common Data Environment. (McPartland,
2017) 1SO 19650-2:2018, which replaces PAS 1192-2:2013, specifies process requirements for
information management during project delivery (i.e., design and construction). The details of
the OIR for collaboration fall under both management and technical requirements. The
management requirements define the processes and obligations for managing collaboration
needed to produce and use data, while the technical requirements define the consistent technical
infrastructure to facilitate the collaboration, data production, and use. The contractor addresses
how they will meet these requirements within their BIM execution plan. (Ashworth & Tucker,
2017)

The project execution planning guide and project execution plan content sections of the
NBIMS-US™ V3 reference the superseded versions of the guides. A more recent version of
these guides was published in 2019. (Messner, et al., 2019) The project execution planning guide
is narrower in scope than ISO 19650-1 in that it focuses only on the project development phase
of the asset lifecycle. While ISO19650-1 considers asset information requirements and an asset

information model, the project execution planning guide assumes an asset management system
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and its information requirements are pre-defined. Figure 3.3 shows the four-step process defined

by the project execution planning guide. (Messner, et al., 2019)

Identify BIM Design ].SIM Define BIM Identil:y
Goals and Execution Deliverables Supporting
Uses Process Infrastructure

Figure 3.3 A Four-Step Process to Develop a BIM Project Execution Plan

According to Messner et al. (2019), the objective of creating a BIM project execution

plan according to their guide is to provide a project document that brings value by:

e Clearly communicating the strategic goals to create consistent understanding across
the project delivery team,

e Enabling team members to understand their roles and responsibilities,

e Enabling team members to design a process to execute the project that is consistent
with their business practices and workflows,

e Proactively identifying any need for additional resources, training, and competencies,

e Documenting the plan to aid new team members to join effectively,

e Providing a resource to purchasing staff to draft contract requirements, and

e Providing a baseline from which to measure progress.

3.2.1.1 Identify BIM Goals and Uses

The purpose of defining BIM goals and uses is to identify how BIM will add value to the
project. The Messner et al. (2019) guide has a catalog of twenty-four discrete BIM uses that are
defined in terms of their potential value, necessary resources, required competencies, and
references to further information. Some of the BIM uses defined by Messner et al. (2019) apply
directly to highway and bridge projects (e.g., design authoring, design review), but many are
specific to buildings (e.g., building system analysis, sustainability analysis, energy analysis).
Many (e.g., code validation, structural analysis, digital fabrication, cost estimation, lighting
analysis) could be applicable but need to be defined for highways and bridges because there are
differences in approach to design and construction that alter the value proposition and resource
needs. Messner et al. (2019) note that capability development and testing/illustra