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INTRODUCTION

E 147 building permits ]

favourable

C not correct

(Inter, 2019)



RELATED WORK

- Natural Language Processing (NLP)

STEPS IN'THE ACC PROCESS in combimation with DMN
1. Interpretation of normative knowledge - Mark-up language, like RASE
2. Mapping applicabilities to ontologies - New methodology or framework

3. Creating machine-readable constraints



RELATED WORK

STEPS IN THE ACC PROCESS
1. Interpretation of normative knowledge A stair with a riser height and a tread length
2. Mapping applicabilities to ontologies A beo:StarrFlight with a props:riserHeight

IfcStairFlight and a props:treadlengthlfcStairFlight

3. Creating machine-readable constraints
cfr. LD-BIM web app (Rasmussen & Schlachter)



RELATED WORK

STEPS IN THE ACC PROCESS

1. Interpretation of normative knowledge

. o , - Hard-coded requirements
2. Mapping applicabilities to ontologies

- Rule-checking by queryin
3. Creating machine-readable constraints & by quetying

(Pauwels & Zhang) - Dedicated rule language, like SWRL, N3 Logic...

- Shapes Constraints Language (SHACL)



BUILDING VALIDATION USING SHACL

SHACL allows checking procedures on building models converted to LBD ontologies (Oraskari, 2021)
Semantic Web rules (SWRL, SHACL) would increase the usage of KBs in AEC industry (Elshani, 2022)
Quality assurance of properties can be conducted using SHACL shapes (Zentgraf, 2022)

Using SHACL for compliance checking, by showing the shape for checking the thermal transmittance of
a window (Kovacs & Micsik, 2021)

Can SHACL be used to evaluate more complex constraints
for compliance checking purposes?



BUILDING VALIDATION USING SHACL

USE CASE ON ACCESSIBILITY
— Ensuring model quality 1. Interpretation of normative knowledge: RASE
—  Value constraints 2. Mapping applicabilities to ontologies: manually

: : 3. Creating machine-readable constraints: SHACL
— Relational constraints

— Mathematical constraints

— Conditional statements



BUILDING VALIDATION USING SHACL

ENSURING MODEL QUALITY

ex:DoorProperties
a sh:NodeShape ; #apply the shape to a focus node
sh:targetClass beo:Door ; #target all nodes with class 'Door'
sh:property [ #target a property of each 'Door'
sh:path props:overallHeightIfcDoor ; #largel Lhe height predicate
sh:property ex:DoorHeightProperty ; #name the object of this predicate path

sh:minCount |1 ; #each 'Door' should have at least one height property

sh:maxCount |1 ; #each 'Door' should have at most one height property

sh:message "Each door should have exactly one overallHeightIfcDoor" ; ]

ex:DoorHeightProperty
a sh:PropertyShape ; #target a property of the focus node

sh:path schema:value ; #target the value predicate
sh:minCount 1 ; #each 'overallHeightIfcDoor' property should have at least one value
sh:maxCount 1 ; #each 'overallHeightIfcDoor' property should have at most one value

sh:message "Each doorheight should have exactly one value"




BUILDING VALIDATION USING SHACL

VALUE CONSTRAINT

For =<a=entrances or doorways</a>, a <a>clear passage height</a> of <r>at least 2.09
meters</r> must be guaranteed after finishing.

Article Type Applicability Ontology
Art.22 §1 class entrances or doorways beo:Door
property clear passage height props:overallHeightlfcDoor
ex:Door

a sh:NodeShape ; #apply the shape to a focus node

sh:targetClass beo:Door ; #target all nodes with class

'Door'
sh:property [ #target a property of each

'Door’
sh:path props:overallHeightIfcDoor ; #target the height predicate

sh:property ex:DoorHeight ; ] . #name the object of this predicate path

ex:DoorHeight #the named object is now a subject

a sh:PropertyShape ;

#target a property of the focus node
sh:path schema:value

; #target the value predicate

Ish:minInclusive|“2.09"Ahxsd:double ; #the object should be more than 2.09 m
sh:message "Art.22.1:

For entrances or doorways,
2.09 meters must be guaranteed after finishing"

a clear passage height of at least




BUILDING VALIDATION USING SHACL

RELATIONAL CONSTRAINT

A <a=railing</a> should be fitted on <r>both sides</r> of the <a-stair</a-

Article Type Applicability Ontology
Art.20 §4 class stair beo:Stair
class railing beo:Railing

ex:Stair

sh:targetClass beo:Stair

sh:qualifiedValueShape
sh:qualifiedMinCount 2

a sh:NodeShape ; #apply the shape to a focus node

; #target all nodes with class 'Stair'

sh:property [ #target a property of each 'Stair’
sh:path bot:hasSubElement ; #target the subelement predicate

[sh:class beo:Railing] ; #target the class 'Railing'
; #two elements of this class should be present

sh:message "Art.20.4: A railing should be fitted on both sides of the stair"




BUILDING VALIDATION USING SHACL

MATHEMATICAL CONSTRAINT

the <r=sum of twice the <a>riser</a> and once the <a>tread</a> of each step must
be between 57 cm and 63 cm</r>

Article Type Applicability Ontology
Art.20 §3 property riser props:riserHeightlfcStairFlight
property tread props:treadLengthlfcStairFlight

ex:StairFormula
| 2 sh:SPARQLFunction |; #define a function
sh:parameter [ #declare the first parameter

sh:path ex:riser ; #first parameter is the riser height
sh:datatype xsd:double ; #the riser is a decimal

15

sh:parameter [ #declare the second parameter
sh:path ex:tread ; #second parameter is the tread length

sh:datatype xsd:double ; #the tread is a decimal

15
sh:returnType xsd:double ; #lthe returned value is a decimal
sh:select """ fstart a SPARQL select query

SELECT ( (2 * $riser + $tread) AS ?result)

WHERE {

¥

mmn




BUILDING VALIDATION USING SHACL

MATHEMATICAL CONSTRAINT <> VALUE CONSTRAINT

ex:StairSlope
a sh:NodeShape ; #apply the shape to a focus node
sh:targetClass beo:StairFlight ; #target all nodes with class 'StairFlight'
sh:message "Art.20.3: the sum of twice the riser and once the tread of each step
must be higher than 0.57 m." ;
|sh:expression|[

ex:LessThan ( #refer to the LessThan(a,b) function
0.57 #first parameter of LessThan
[ #second parameter of LessThan
ex:StairFormula ( #refer to the StairFormula(riser, tread) function
[sh:path (props:riserHeightIfcStairFlight schema:value)]
[sh:path (props:treadLengthIfcStairFlight schema:value)])])]




BUILDING VALIDATION USING SHACL

CONDITIONAL STATEMENT

ex:Slopes
a sh:NodeShape ; #apply the shape to a focus node
sh:targetClass beo:RampFlight ; #target all nodes with class 'Rampflight'
sh:message "Art.19.1: The slope of a rampflight is maximally ten percent for level
differences of up to 0.10 m" ;
sh:and ( #both constraints should be fulfilled
[sh:expression [ #first constraint: the slope is less than 10%
ex:LessThan (
[ex:Slope (
[sh:path (props:heightIfcRampFlight schema:value) ]
[sh:path (props:lengthIfcRampFlight schema:value)])]
10)]]
ex:SlopeConstraint) . #if the slope is less than 10%, check the next

constraint




PROOF OF CONCEPT

@ Compliance checker X + s - X

&« C O ® http://localhost:3000/report e % » 0O G

Compliance checker

There were 25 building elements found that do not comply to the Belgian building code on accessibility.

Download validation report

A Violation was found in the StairFlightLanding shape

The building element with name "stairflight_bcd1cf34-5¢93-41cc-a7e4-6669a028e824"
and id 569487 does not comply.

Art. 20 - A staircase must have an intermediate landing after at most 17 treads.

A Violation was found in the StairFlightRiser shape

The building element with name "stairflight_3f36fd30-4028-40f0-bc0e-73cddfa19877"
and id 694753 does not comply.

Art. 20 - The riser height must be at most 180 mm.

A Violation was found in the StairFlightTread shape



DISCUSSION

- The computer-programmed rules must be easily understood by the regulation authors;
- 'The lifecycle of the rule base must be independent of software and schema updates;

- All development must comply with Open Standards;

- Consideration must be given to the industry processes of model authoring.

(Greenwood et al.)



LIMITATIONS & FUTURE WORK

- Shapes are dependant on modeling complexity of RDF graph (L1-13)
- Low-level functions are needed (‘LessThan’)
- Only prescriptive legislation

- Consistent unit system needed or needs to be checked

- Compliance of geometry/relative positioning of elements
- Automation of the SHACL shapes

- Visual programming SHACL shapes creator (Senthilvel & Beetz)
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TOWARDS AN ACCESSIBLE
BUILT ENVIRONMENT
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