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Executive Summary

When applying Building Information Modelling/Digital Engineering (BIM/DE) approach in projects, it
is important to structure these digital models to allow project collaboration and life cycle asset data
exchange. However, traditionally BIM/DE projects have been lacking consistent data structure,
despite national and international data standards related to data management around the world.
This report critically reviews the main data standards published across building, infrastructure, and
manufacturing sectors. Six key findings are proposed. While the AEC sector is far behind
manufacturing sector in terms of data standards development and implementation, recent
developments in standardization, such as ISO 23386 and 23387 are critical for facilitating structured
data in AEC sector.

IFC standard answers “How” to exchange building/product data across various systems while 1SO
23386 and 23387 answer “What” data needs to be exchanged.

It is expected that this study will help address the industry challenge of structuring and integrating
quality data for key decision making to create a centralised view of data requirements and how they
will be used in project lifecycle. It will also aid the wider adoption and consistent curation of digital
information for maintaining and operating assets across the construction supply chain, improving the
efficiency of managing community assets, improving the return on investment and ensuring

sustainability, resilience and safety.



Table of Content

EXECULIVE SUMMIAIY...ccuuiieeiiiiiiiiiniiieiiineiiieeiiineeieeserensistnssssasssssssssssssrsnsssenssssnssssnssssnssssssssssnsssanssns 4
I 1o T (W Tt o T PP 6
2. Summary of Key FINAiNgGS....ccciuuiiiiiiiiiiiiiiiiiiiieiiiiiiniinneiiinmseiiemmseiissmsssiesmsisstesssssssssssssssns 7
3. Data Standards REVIEW.......ccciiiiiierueiiiiiiiiiiinimmeiiiiiiiinemssmssiiiimessmmssisiiimmssssssssssimeesssssssssss 7
3.1 Data Standards iN AEC SECLON ...ciivuiiiiieeiiee et sttt e ste e sre e s e e s te e s e e ssbeeesabeesbeeesaeaesnbeeesanes 7
3.1.1 Industry Foundation Classes (IFC 4.3) ....ccuii i eiee et e eee et e stae e st e e snae s re e e naeesaree s 7
3.1.21S0 23386-2020 ....cccuutteiuieerieeeitieestee ettt esteesteeesteesteesnaee e s baeesabe e s teeebeeesbee e baeentaeereeesareen 8
3.1.31S0 23387-2020 ... ceeeiiiieei ettt e et e e et e e e e ettt e e e et aaeba e aaaeeaaes 10
TR O 1Y @ B K 11 0 S PP PSTRR 11

3.2 Data Standards in Manufacturing SECLON ......oivuiiii i 12
3.2.11SO 10303 (product data representation and exchange)......c.cccoecvueeeeecireeeeecireeeeeeieee e, 12
3.2.21S0 13584 (product Parts lIDrary).......cecceee ettt et e et e e 13
3.2.31SO 17506/I1SO 14306 (Product 3D VisualiSation) .......ccceeeievveriiiiieeeceieec e ceieee e 13
3.2.41S0O 22745 (product vocabulary and dictionary) .......ccccccveevceeiiieeriee e 14
3.2.51S0 23247 (Digital twin framework for manufacturing) .......ccccceecveeeeeciiee e, 14

3.3 Data Standards iN Other SECLOIS ...ciuiiiii e e e s e e e abae e e ssasaeeeeas 15
0 TR A 3 PSP PPPTPPINN 15
3.3L2 IS0 15926 ..ottt e et et e e e e eetta e e eeeeaatbaaaeeaaaeaes 15
3.3.3 3D CAD Industry Standards for Aerospace ENgineering .......cccceeecveeeeeciieeecciieeeeeiee e 16

4. Conclusion and recommeNndations ........cceeeuiiiiiiiiinireiiiiiiiniie e rsaasssesssnees 17
3= =T =T Vo =N 18



1. Introduction

When applying Building Information Modelling/Digital Engineering (BIM/DE) approach in real projects,
it is important to structure these digital models to allow project collaboration and life cycle asset data
exchange. The demand for digital twin technology is increasing. For infrastructure projects, sensors
have been integrated with BIM to assess the performance of critical assets, such as pavement and rail.
However, traditionally BIM/DE projects have been lacking consistent data structure, despite national
and international data standards related to data management around the world. Therefore, there is
a need to develop a practical approach that can efficiently guide industry on how to structure asset

data by leveraging existing well-established data standards.

The aim of this document is to critically review the main data standards published across building,
infrastructure, and manufacturing sectors. In building sector, existing data standards can be classified
into three main categories considering their primary aims: (1) Standards for building data
representation and exchange (i.e. IFC4.3, IDM, and ISO 16757 series), (2) Standards for information
management across asset life cycles (i.e. ISO 19650 series), and (3) Standards for data dictionaries and
templates development (i.e. ISO 23386-2020, ISO 23387-2020, and IFD/bsDD). Most of those data
standards are newly published and might be continually updated according to industry needs. In
manufacturing sector, there is a complete data standard system including (1) Standards for data
quality (i.e. ISO 8000 series), (2) Standards for product data representation and exchange (i.e. ISO
10303 series), (3) Standards for product parts library development (i.e. ISO 12584 series), (4) Standards
for product vocabulary and dictionary development (i.e. ISO 22745 series), and (5) Standards for
product visualisation (/SO 17506 and ISO 14306 series). Most of those standards are stable and have
been widely implemented in manufacturing practice. They are now developing their digital twin
standard for manufacturing (i.e. ISO 23247 series). Data standards for other sectors have also been

reviewed including ISO 15926 series for oil and gas industry and GS1 for logistics industry.

Data Classification Standards such as Uniclass 2015, OmnicCass, and I1SO 12006-2 are not covered in
this document. If you are interested in knowing existing classification systems, please refer to the
NATSPEC TECHreport! “Information classification systems and the Australian construction industry”
which provides an overview of the use of classification systems for organising construction

information for various purposes. It also examines the significance of classification systems for the

L https://www.natspec.com.au/images/PDF/TR02_Information_classification_systems.pdf



Australian design and construction industry, particularly for digital information technologies such as

BIM and DE.

2. Summary of Key Findings

Finding 1: AEC sector is far behind manufacturing sector in terms of data standards development and
implementation.

Finding 2: The latest Industry Foundation Classes (IFC4.3) standard has been significantly improved
and now covered both building and infrastructure projects.

Finding 3: The development of ISO 23386 and 23387 is a major step forward for facilitating structured
data in AEC sector.

Finding 4: |FC standard answers “How” to exchange building/product data across various systems
while I1SO 23386 and 23387 answer “What” data needs to be exchanged.

Finding 5: I1SO 23247 (Digital Twin framework for manufacturing) is a good guideline to support the
creation of Digital Twins for AEC projects.

Finding 6: Standards from other sectors such as GS1, ISO 15926 and ISO 13584 can be implemented
together with AEC data standards to facilitate service equipment (e.g. HVAC, Utility, etc) life cycle data

management.

3. Data Standards Review

3.1 Data Standards in AEC Sector

3.1.1 Industry Foundation Classes (IFC 4.3)
The main purpose of IFC4.3 is to extend the IFC schema to cover the description of infrastructure
constructions within the domains of Railways, Roads, Ports and Waterways (as shown in Figure 1)

including the elements that are common across those domains.



IFC Next Generation (bSI Technical roadmap, published shortly)

IFC4.X (2022)
IFC4.3 (2020, Standard 2021)
IFC4.2 \

\

IFC Overall Architecture

IFC4.1 IFC Alignment 1.0 /1.1

IFC4.0 I1SO 16739 /

Figure 1: IFC Infrastructure Extensions (Source: BuildingSMART)

The IFC4.3 schema has been developed to:

e Enhance the current definition of alignment and linear positioning to include railway cant
within its geometric representation and span placements to provide “from-to” positioning;

e Enhance the current geometry definitions for advanced sweeps to add a sweep operation
taking cant into account, and for advanced surfaces to represent road surfaces;

e Rationalize and enhance the definition of spatial structure to uniformly define a breakdown
structure for all domains in question; and

e Rationalize and enhance the current specialization structure of products and product types to
reflect the taxonomy of the new domains Railways, Roads, Ports and Waterways and common

domains such as geotechnics and earthworks.

Compared with IFC4.2, 62 new occurrence Entities (i.e. 24 from the Shared Infrastructure domain, 22
from the Railways domain, 7 from the Roads domain, and 9 from the Ports and Waterways domain)
and 294 new Predefined Types have been created which significantly improve the data representation
for both building and infrastructure projects. 3D data exchange between those projects can be also

improved as well.

3.1.21S0O 23386-2020
ISO 23386-2020 (Building information modelling and other digital processes used in construction —

Methodology to describe, author and maintain properties in interconnected data dictionaries)



establishes the rules for defining properties used in construction and a methodology for authoring
and maintaining them, for a confident and seamless digital share among stakeholders following a BIM

process (as shown in Figure 2).

EN IS0 23386 Building information modelling and other digital processes used in construction -

Methodology to describe, author and maintain properties in interconnected dictionaries
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Figure 2: Scopes of 1ISO 23386-2020 (Source: Cobuilder)

ISO 23386-2020 provides three key methods to help create and maintain structured data:

(1) Rules to Define Properties and Groups of Properties
i. definitions of properties as a list of attributes (differences between property
and attributes can be found in Figure 3);

ii. definitions of all the provided attributes.

(2) Management Rules to Author and Maintain Properties
i. definitions and roles of applicants;
ii. definitions and roles of experts and the commission of experts;
iii. definitions of request's attributes;
iv. definitions of expert's attributes;

v. management rules to interconnect data dictionaries.

(3) Governance of a Data Dictionary and a Network of Data Dictionaries
i. Expert’s management structure

ii. Commissions of experts



ATTRIBUTES

PROPERTY

Thermal transmittance

istic i ined? Propert
What product characteristic is defined? roperty according to EN14351-1

The physical quantity

i 2
What does it measure? thermal transmittance

How do you express that? in W/m2K

w

How do you track it? D25rhbg567327

Figure 3: Property VS Attributes (Source: Cobuilder)

3.1.3 1SO 23387-2020

ISO 23387-2020 (Building information modelling (BIM) — Data templates for construction objects used
in the life cycle of built assets — Concepts and principles) is developed to support digital processes
using machine-readable formats and a standard data structure to exchange information about any
type of construction object, e.g. product, system, assembly, space, building etc., used in the inception,
brief, design, production, operation and demolition of facilities. The standard data structure is also
called Data Template which should be defined based on concepts and the relationships between
concepts sourced from a data dictionary. A Data Template is a collection of standard-based properties

collected in groups of properties.

ISO 23387-2020 provides four key concepts and principles for developing Data Templates for
construction objects used in the life cycle of any built asset:

(1) Specification of a taxonomy model that defines concepts from 1ISO 12006-3:2007, i.e.
objects, collections and relationships between them, to support the information need for the
specific purpose of the data template.

(2) EXPRESS specification with extensions of the EXPRESS-G notation and specification
from ISO 12006-3:2007.

(3) Rules for linking between data templates and IFC classes within a data dictionary

based on I1SO 12006-3:2007.
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(4) Rules for linking between data templates and classification systems within a data

dictionary based on ISO 12006-3:2007

A Data Template (i.e. ISO 23387) defined in a Data Dictionary (i.e. bSDD?) can be used to handle
complex product information. The usage of a data dictionary makes the Data Template solution
language-neutral, because the Global Unique Identifier (GUID) of the term is also tied to its relevant
translations. IFC standard answers “How” to exchange building/product data across various systems
while ISO 23387 (Data Templates) and I1SO 23386 (Properties) answer “What” data needs to be

exchanged.

3.1.41SO 19650-3

The ISO 19650 series is an international standard of good practice. It defines information management
principles and requirements within a broader context of digital transformation in the disciplines and
sectors of the built environment (including construction and asset management industries). ISO 19650

operates within the wider context of an asset management system (as shown in Figure 4).

1SO 9001

\SO 55000

\s0 19650

M,
“NAGEMENT FOR OR®

Figure 4: Context of Standards (Source: ANZ Guide to I1SO 196503)

ISO 19650-3 (Organization and digitization of information about buildings and civil engineering works,
including building information modelling (BIM) — Information management using building

information modelling — Part 3: Operational phase of the assets) is designed to enable an appointing

2 buildingSMART Data Dictionary: http://bsdd.buildingsmart.org/
3 ANZ Guide to I1SO 19650: https://brisbim.com/wp-content/uploads/2019/10/ANZ-
Guide 1S019650 Industry-Preview.pdf
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party (such as an asset owner, asset operator or outsourced asset management provider) to establish
their requirements for information during the operational phase of an asset. ISO 19650-3 specifies
requirements for information management, in the form of a management process, within the context
of the operational phase of assets and the exchanges of information within it, using BIM. Through the
implementation of I1SO 19650-3, asset stakeholders could build an appropriate collaborative
environment to fulfil their commercial goals. Within this environment, multiple appointed parties can
produce information in an effective and efficient manner.

Details of using 1ISO 19650 series including 1SO 19650-1 (Information management using building
information modelling — Part 1: Concepts and principles) and ISO 19650-2 (Information management
using building information modelling — Part 2: Delivery phase of the assets) in practice can be found

at Information Management According to BS EN ISO 19650 Guidance Part 1% and 2°.

3.2 Data Standards in Manufacturing Sector

3.2.11S0 10303 (product data representation and exchange)

This standard, I1SO 10303, is informally known as STEP (STandard for the Exchange of Product model
data). 1SO 10303 covers a wide variety of different product types (electronic, electro-mechanical,
mechanical, sheet metal, fibre composites, ships, architectural, process plant, furniture, etc.) and life-
cycle stages (design, analysis, planning, manufacture, etc.). This range is continually expanding as new
parts of the standard are issued. These parts are referred to as ISO 10303-xxx, where xxx is the part
number, and each is a standard in its own right, despite being a component of a larger whole and

interdependent on other parts. Currently the overall standard is composed of about 93 parts.

The implementable parts of ISO 10303, i.e., those parts defining models on which translators are
based, are known as Application Protocols (APs). Each AP is applicable to one or more life cycle stages
of a particular product class. However, the APs themselves are constructed on the basis of a set of
Integrated Resources (IRs), defining fundamental constructs that can be specialized and applied for a
wide variety of purposes. The numbering system for parts of the standard is somewhat complex.
Basically, the 01x series of parts is concerned with definitional resources and the 02x series with
implementation methods. Standards in the 03x series deal with validation of translators for
conformance with the standard. The 04x series contains Integrated Generic Resources, which provide

the basic building blocks of the standard. However, there is also a higher-level set of Integrated

4 Part 1: Concepts: https://www.ukbimalliance.org/wp-content/uploads/2019/04/Information-Management-
according-to-BS-EN-1SO-19650 -Guidance-Part-1 Concepts 2ndEdition.pdf
5 Part 2: Processes for Project Delivery: https://ukbimframework.org/wp-content/uploads/2020/05/ISO19650-

2Edition4.pdf
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Application Resources in the 1xx series. The Application Protocols appear in the 2xx series, though
some of their basic reusable components have now been separately standardized in the 5xx series -
these are known as Application Interpreted Constructs (AICs). The AIC philosophy is currently being
pursued further, and the intention is that in future application protocols will be assembled from sets

of reusable standard Application Modules.

3.2.21S0 13584 (product parts library)

ISO 13584 (Industrial automation systems and integration - Parts library) has defined a model and an
exchange format for digital libraries of technical components. The major benefits of this approach
include: productivity increase (the components are not modelled several times), quality increase (the
data models are guaranteed by the supplier of the library) and product data storage / exchange

efficiency (in product data a component is only represented by a reference).

Implementing ISO 13584-compliant dictionaries is often regarded as an important step for overcoming
heterogeneity in product descriptions and enabling automated cross-industry communication centred
on product information. While many industries are aware of ISO 13584’s potential contribution to
semantic interoperability (and some have already started providing ISO13584-compliant content), the
actual degree of support by Business to Business data exchange specifications may be a limiting factor

to wider diffusion.

3.2.31S0 17506/1SO 14306 (Product 3D Visualisation)

ISO 17506 (Industrial automation systems and integration — COLLADA digital asset schema
specification for 3D visualization of industrial data) defines an open standard XML schema for
exchanging digital assets among various graphics software applications that might otherwise store
their assets in incompatible file formats. COLLADA (COLLAborative Design Activity) is an interchange

file format for interactive 3D applications.

ISO 14306 (Industrial automation systems and integration — JT file format specification for 3D
visualization) defines the syntax and semantics of a file format for the 3D visualization and
interrogation of lightweight geometry and product manufacturing information derived from CAD
systems, using visualization software tools that do not need the full capability of a CAD system. ISO
14306 has been adopted as a 3D visualization capability in addition to the ISO 10303 series. The file
format supports the following information:

e facet information (triangles), stored with geometry compression techniques

13



e visual attributes such as lights, textures and materials

e product manufacturing information, such as dimensions, tolerances and other attributes

e boundary representation (b-rep) solid model shape representations. Several alternatives are
available, including a representation based on the geometry standard defined in ISO 10303

e configuration representations

e delivery methods such as asynchronous streaming of content

3.2.41S0 22745 (product vocabulary and dictionary)

ISO 22745 (Industrial automation systems and integration — Open technical dictionaries and their
application to master data) is an international standard which facilitates the mapping of terminology
dictionaries to a single source. This in turn facilitates translation of terminology from one entity to
another based on an XML schema. A critical aspect of this standard is its requirements for the use of
unique concept identifiers to create unambiguous language-independent descriptions of individuals,

organizations, locations, goods, services, processes, rules and regulations.

3.2.5 1SO 23247 (Digital twin framework for manufacturing)
ISO 23247 (Automation systems and integration — Digital Twin framework for manufacturing) series
defines a framework to support the creation of Digital Twins of observable manufacturing elements
including personnel, equipment, materials, processes, facilities, environment, and products. 1SO
23247 includes four parts:
Part 1: Overview and general principles, which provides overview of Digital Twin
manufacturing and describes general principles to give guidance for developing a Digital Twin
manufacturing framework;
Part 2: Reference architecture which provides reference architecture goals and objectives,
reference model, and reference architectural views;
Part 3: Digital representation of manufacturing elements which identifies the manufacturing
elements of the Digital Twin manufacturing framework that shall be represented in digital
models;
Part 4: Information exchange which identifies technologies such as network protocols, APIs,
description languages, etc., for information synchronization, exchange and management of

digitally represented manufacturing twins.

14



3.3 Data Standards in Other Sectors
3.3.1 GS1

GS1 standards are designed to improve the efficiency, safety and visibility of supply chains across
physical and digital channels in 25 sectors. They form a business language that identifies, captures and
shares key information about products, locations, assets and more. The most important GS1 standard
is the Global Trade Item Number (GTIN) which identifies products uniquely around the world and
forms the base of the GS1 system. Other standards such as Global Location Number (GLN) and Serial

Shipping Container Code (SSCC) are also I1SO standards.

In 2018, buildingSMART International (bSI) signed a Memorandum of Understanding (MoU) with GS1
(In 2019, buildingSMART Australasia signed a MoU with GS1 Australia) to enable the construction
industry to benefit from the combined expertise of both organisations through the use of standards
and services they deliver. The use of global buildingSmart and GS1 standards, in particular for product
instance identification and exchange of product data, is critical in addressing today’s challenges of
digitalisation in the construction sector. This agreement further strengthens the benefits of open
standards-based interoperability throughout the building and infrastructure value chain and life cycle,

and the broader application of digital product information.

3.3.21S0 15926

ISO 15926 (Industrial automation systems and integration—Integration of life-cycle data for process
plants including oil and gas production facilities) is an International Standard for the representation of
process plant lifecycle information. This representation is specified by a generic, conceptual data
model that is suitable as the basis for implementation in a shared database or data warehouse. The
data model is designed to be used in conjunction with reference data, i.e. standard instances that
represent information common to a number of users, process plants, or both. The support for a
specific life-cycle activity depends on the use of appropriate reference data in conjunction with the

data model.

ISO 15926 is organised into a number of parts which can be classified into two categories: (1) data

model and reference data including Parts 2-4; and (2) implementation methods including Part 7-10.
In the first category, Part 2 defines a generic 4D model that can support all disciplines, supply-chain
company types, and life cycle stages regarding information about functional requirements, physical

solutions, types of objects and individual objects, as well as activities. Part 3 defines information

15



resources for the representation of geometry and topology in OWL. Part 4 specifies an initial set of

common reference data items that can be used to record information about process plants.

In the second category, the Part 7 provides information resources for defining templates and specifies
a verification method using First-Order Logic. The Part 8 defines information requirements for the
representation of ISO 1592based plant data in OWL. The Part 9 will specify the implementation
method for a triple data repository called facade, which stores ISO 1592based plant data. The Part 10

will specify an abstract test method.

The 1SO015926 ontology consists of several interrelated and distributed modules which can be
classified into four main partitions and two auxiliary partitions. The main partitions include (1) the ISO
15926 upper ontologies (meta models); (2) the Reference Data Library (RDL) and extensions of the
RDL; (3) the “workhorses” of life cycle information and local reference data; and (4) a selection of the
life cycle information, mapped to OWL, for reasoning purpose. The two auxiliary partitions are (1)
Template Specifications in eXtensive Makeup Language (XML) format; and (2) Part 7 Proto Templates

in First-Order Logic format.

3.3.3 3D CAD Industry Standards for Aerospace Engineering
This standard is designed to shorten aerospace design and engineering cycles. In a world of
intensifying pressures on engineering teams to work faster and smarter, many recognise the efficiency
and consistency that comes from the digital interoperability of adopting industry standard 3D CAD
wherever possible. An estimated 45% of a design engineer’s time is spent searching or recreating CAD
models of parts for designs, an inefficiency that engineering teams cannot afford. Not only do
engineering teams benefit from the confidence in using trusted and authoritative 3D CAD versions of
standards, but they also benefit from consistently using the same CAD models across CAD platforms.
The detailed benefits of utilising 3D CAD standards include:
e Engineers can find parts faster by geometry, similarity, sketch, dimensions and more
e Dramatically reduce part costs by identifying and using industry standard parts
e Accelerate design cycles and increase part reuse by designing in industry standard parts
e Control the selection, specification and purchase of industry standard parts across the
organization
e Shorten procurement cycles by eliminating unnecessary new part introduction. Industry
standard parts are often proven best practice and best option, less expensive, and open to

more strategic sourcing

16



e Quickly and easily add 3D industry standard parts to the CAD library, share with others, publish
internally, or reference within internal engineering specifications to drive consistency,

repeatability and scalability across the organisation

4. Conclusion and recommendations

This report had reviewed a total of 12 main data standards that had been widely adopted in building,
manufacturing, and infrastructure sectors to facilitate life cycle project/product data exchange. The
key findings can be found in Section 2. The manufacturing sector has the most complete data standard
system to support their product life cycle data exchange and this sector is now also leading the digital
twin data standard development. The data standards in the building sector are becoming more
complete in recent years especially with the latest releases of IFC4.3, and I1SO 23386 and 23387. The
infrastructure sector is a little behind in terms of data standards development and implementation.

The following section lists two main recommendations based on the results of the review.

Recommendation 1: Choose the latest version of the data standards as a pilot case

In the building sector, most current data standards are evolving very quickly. For the first trial, it is
better to use the latest version of the selected data standard rather than the previous versions. For
instance, we recommend using IFC4 rather than IFC2x3 in your project for BIM data exchange, because
IFC4 is an advanced schema of IFC2x3, which has fixed a lot of the problems and limitations of previous

versions. It also serves as the foundation for future development and research around openBIM.

Recommendation 2: Learn to refer to standards from other sectors

It is recommended to understand the main data standards published in your sector as well as other
relevant sectors. For instance, in the rail industry, there is still a lack of specific data standards for BIM
data exchange. However, it is still possible to leverage the existing BIM data standards published for
building, road, bridge, and/or tunnel to achieve data exchange in rail projects. In addition, standards
from other sectors such as GS1, ISO 15926 and ISO 13584 can be also referred to or adapted to

facilitate service equipment (e.g. HVAC, Utility, etc) life cycle data exchange in the rail industry.
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