
L D A C 2 0 2 3  P a p e r  1 5 6 3 - 8

Towards a U.S. National Bridge and 
Infrastructure Data Dictionary:

An Introduction
Aaron Costin, Ph.D., University of Florida, USA

Marina Muller, Ph.D., Florida Gulf Coast University, USA

11th Linked Data in Architecture and Construction Workshop
15 - 16 June 2023



L D A C 2 0 2 3  P a p e r  1 5 6 3 - 8
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 Challenge
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 Proposed solution: Automated Data Dictionary Mapping

 Open Challenge
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Background and Motivation
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 Push in the U.S. to define a national BIM for 
bridge and infrastructure standard

 Adoption industry foundation classes (IFC) as 
the standard data schema
▫ for the exchange of electronic engineering data

 Coordinated effort to integration BIM and IFC 
into transportation workflows

 Need for a standard U.S. bridge and 
infrastructure knowledge base
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Challenge
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 Lack of a consistent U.S. bridge 
knowledge base

 Inconsistent and conflicting data

 Gap in industry experts and 
software/technical developers

 Coordination between the 
various efforts
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Research Aim and Goals
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 Create a bridge and infrastructure data dictionary

 Single source of truth

 Extend to ontological models 
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Related Works – IFC
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 IFC 4.31- multiple civil infrastructure updates
▫ Limitations for full bridge representation
▫ E.g., Only 10 defined spatial elements

 IFC for finite element analysis (FEA) (Shishlov et al. 2023)

 3D alignment expansion for railways (Kwon et al 2020)

 buildingSMART Data Dictionary (bSDD) 2

1 https://ifc43-docs.standards.buildingsmart.org/

2 https://www.buildingsmart.org/users/services/buildingsmart-data-dictionary/
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Related Works – Bridge Ontology
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 BrMontology ontological knowledgebase for bridge maintenance (Ren et al. 2019)

 Bridge Ontology Architecture for Knowledge Management in Bridge 
Maintenance (Banujan and Vasanthapriyan (2020)

 Bridge Topology Ontology (BROT) (Hamdan et al. 2020)
▫ Bridge Components Ontology (BRCOMP)
▫ Building Material Ontology (BMAT)
▫ Bridge Structure Ontology (BRSTR)
▫ Bridge Classification Ontology (BRIDGE).

 Ontology for bridge inspection (ASB-ING Ontology) (Göbels and Beetz 2021)
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Data Dictionary
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 Centralized repository of information about data such as meaning, relationships 
to other data, origin, usage, and format1

▫ Used to catalog and communicate the structure and content of data

▫ Provides meaningful descriptions for individually named data objects

▫ Gives context to the data being stored

1IBM Dictionary of Computing, McGraw-Hill Education - Europe; 10th edition (August 1, 1993)



L D A C 2 0 2 3  P a p e r  1 5 6 3 - 8

US Data Dictionary
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 Part of the buildingSMART International Data Dictionary (bSDD)
▫ Incorporates the industry foundation classes (IFC) and other bSI technologies
▫ Accepted internationally

via “Technical Roadmap buildingSMART”, April 2020

 Defined the US based 
definitions
▫ Collaboration among 

domain organizations

 Can host multiple domains
▫ Enable linkages for reuse
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Data Dictionary Example: Bridge
Owners/Stewards

Domain specific dataclarifications

Data 
specification
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Why the Data Dictionary? 
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 Defines the structure and the meaning of 
concepts and terms
▫ Ensures their consistent use by all 

stakeholders over the life cycle of a 
construction

 Efficient way to organize knowledge for 
subsequent retrieval
▫ Querying the Semantic Web.
▫ BIM and web-based context for the semantic 

annotation of model object

 Further enhance exchange and 
interoperability in data exchange scenarios
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Issues with Current US Data
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 Spatial hierarchy vs 
functional hierarchy

 Excel and PDF Based

 Missing Terms

 No national infrastructure 
classification system
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How do we get there?
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 Approach #1: Manual 
Mapping to bSDD

 Approach #2: Map the 
terminology to .owl 
then to bSDD

 Both have limitations 
and challenges

 Need an Automated 
Approach that goes bi-
directional
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*Research Update*
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 LDAC 2023 Hackathon
▫ Artur Tomczak
▫ Rueben Kruiper
▫ Giulia Maslov
▫ Rebekka Benfer
▫ Aaron Costin

 Challenge: How to automate 
the linking to similar terms 
and properties

be aS Do Dos
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Natural Language Processing (NLP)
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SpaR.txt
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NLP Term Search
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NLP Semantic Similarity
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Open Challenges
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 How best to organize the data?

 How best to determine modularity?

 How to store each stakeholder’s data requirements?

 How best to automate the classes and properties?

 How to be bi-directional from the diagrams (industry knowledge) to .owl?
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Thank you

Aaron Costin, Ph.D.
aaron.costin@ufl.edu
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