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• Standardisation is an important part of ensuring interoperability

• Industry Foundation Classes is the current leading standard within the AEC industry

• Serializations as STEP, XML and RDF (ifcOWL)

• RDF and ifcOWL support interlinking between data sets

• Major tool vendors (ArchiCAD, Revit) make use of XML and STEP, but do not support ifcOWL

• A process of conversion is therefore needed from ifcOWL into STEP or XML formats

Introduction
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• Approaches exist to convert ifcOWL into STEP [1] but the original ifcOWL must correctly support the schema, and 
this is not guaranteed. 

• A method is needed to validate the ifcOWL against the IFC schema

• Here we present a method for validating ifcOWL using SHACL, a standard recommended by the W3C for 
validating asserted RDF.

Introduction

[1] https://github.com/BenzclyZhang/IfcSTEP-to-IfcOWL-converters

IFC STEP

IFC EXPRESS

IfcOWL content

IfcOWL ontology

https://github.com/BenzclyZhang/IfcSTEP-to-IfcOWL-converters
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• SHACL validation is applied to IfcOWL data, converted from a geospatial data set

• Validation prevents errors in transformation to STEP

Case study

IFC STEP

IFC EXPRESS

IfcOWL content

IfcOWL ontology

Geospatial data

SHACL validation

1

2

3
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Validation using OWL and SHACL
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Validation using OWL

• OWL builds on top of RDF to express ontological facts

• Restrictions are used to provide detailed class definitions

• Reasoners exist to infer extra information based on provided information
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Validation using OWL

=>

Trike
exactly 3

Wheel

has part

My trike

<Wheel1>

My trike

<Wheel2>

<Wheel3>

has
part

Wheel

type
type

3 new resources inferred even 

though they had not been 

asserted

owing to OWA and inference
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Validation using SHACL

• For many applications, there was a need for validation rather than inference

• SHACL has been published to fill this gap

• While serving different purposes, SHACL and OWL have many similarities

• A comparison between SHACL and OWL can be found online [2]

• Validation tools exist to check conformance to SHACL constraints

[2] https://spinrdf.org/shacland-owl.html

https://spinrdf.org/shacland-owl.html
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Validation using SHACL

=>

Trike

My trike

<Wheel1>

My trike

<Wheel2>

<Wheel3>

has
part

Wheel

type
type

missing 

assertions !

violation detected:

3 missing Wheels

owing to CWA and validation

has part

property

path:

class:

Wheel

minCount:

3
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Obtaining SHACL shapes for IfcOWL
Method 1: SHACL Rules



12The content of this document (or parts) may not be duplicated or made available to third parties without explicit approval of Semmtech B.V. Hoofddorp © 2020

Applying rules to IfcOWL

• This method consists of two steps:

• Extraction of data validation information from IfcOWL

• Transforming this information to SHACL constraints

• The method applies the querying language SPARQL [3] and SHACL Rules [4]

[3] https://www.w3.org/TR/sparql11-query/
[4] https://www.w3.org/TR/shacl-af/

https://www.w3.org/TR/sparql11-query/
https://www.w3.org/TR/shacl-af/
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Applying rules to IfcOWL
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Applying rules to IfcOWL

Benefits of this method

• Reuses readily available SHACL mechanisms and tooling

• Because the input is Linked Data, all relations and restrictions from ifcOWL are easy to query

• However, this method introduces an extra step on top of the existing EXPRESS to IfcOWL conversion
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Obtaining SHACL shapes for IfcOWL
Method 2: Generating IfcOWL with SHACL
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Change to IfcOWL generation

• This method adds SHACL constraints during the generation of IfcOWL

• The EXPRESStoOWL tool [5] functionality has been extended to also output SHACL constraints

[5] https://github.com/pipauwel/EXPRESStoOWL/

https://github.com/pipauwel/EXPRESStoOWL/
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Expanding EXPRESStoOWL with SHACL capabilities    (OWL Restrictions as SHACL shapes)

Change to IfcOWL generation
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OWLWriter.java SHACLWriter.java

Change to IfcOWL generation

Expanding EXPRESStoOWL with SHACL capabilities    (OWL Restrictions as SHACL shapes)
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Change to IfcOWL generation

• This implementation proved to be more challenging

• Considering existing tooling to transform IFC data from STEP to IfcOWL, there is still a flaw
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Currently in IfcOWL2x3TC1

[ a  owl:Restriction

owl:onProperty

ifc:lengthValue_IfcQuantityLength ;

owl:allValuesFrom ifc:IfcLengthMeasure ] 

=>
OWL inference

IfcOWL validation
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Proposed SHACL shape

[ sh:path ifc:lengthValue_IfcQuantityLength ;

sh:class express:REAL ] 

=>
valid

(class being subclass of REAL)

owing to CWA and validation

violation

valid

SHACL validation

IfcOWL validation (SHACL)

owing to CWA and validation

owing to CWA and validation
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Validating an IFC model using SHACL
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Validating an IFC model using SHACL

• Recent work has seen the publication of Ordnance Survey Ireland 
(OSi, Ireland’s national mapping agency) Prime2 data set 

• Contains information of over 50 million spatial objects 
including road segments, buildings, fences, etc. 

• Using R2RML over 200 thousand buildings are now available as RDF 
using the GeoSPARQL vocabulary. 

• Geolocation, form, function, etc.

• R2RML has been demonstrated to enable the generation of 3D 
“walls” represented as ifcOWL from the simple 2D geospatial 
footprint. 

• These mappings and resulting ifcOWL model are complex, and the 
SHACL approach provides a method for validation, the results are 
available here:

• https://www.scss.tcd.ie/~mcglink/r2rml/

https://www.scss.tcd.ie/~mcglink/r2rml/
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Validating an IFC model using SHACL
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Conclusion
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Conclusion

• SHACL provides benefits for data validation over OWL

• Designed specifically for data validation

• Supported with readily available tooling

• Therefore, it is recommended to gradually adopt SHACL in IfcOWL for data validation


