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Introduction

= Costing and scheduling are critical,
interdependent processes

= Both processes must be continuously
balanced

= Construction documents are often managed
separately, leading to fragmented workflows
and inefficiencies

= Alack of integration between time and cost
causes misaligned planning, resource
conflicts, and redundant data handling
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Problem Statement l\ifcl |
= Mismatch in resource definitions in time --l"“u;j\/t
schedule vs cost documents N pdf
= Resources are rarely modeled explicitly and L geometry
aligned across scheduling and costing ._'|:
. . . . . I .dcf
* Duplicate and implicit resource modeling, . L1 PR
same resource may appear multiple times with — pdf . Xlsx
inconsistent usage time -\
= This fragmentation hampers control, causes ife N= 1
cost overruns, and limits traceability
cost
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Research Gap
= jfcOWL

= Supports basic links between geometry-cost and geometry-tasks, but lacks
granular representation for cost and time data

= Entities like IfcCostltem and IfcTask are underspecified (absence of detail
properties)

= Domain fragmentation
= Existing ontologies often focus on a single domain (cost ortime)

= Lack of a unified, resource-centered representation across domains
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Research Aim

= Develop a shared ontology to aligh cost, time, resource, and geometry domains

= Enable traceable, interoperable, reusable and machine-interpretable project data

lllll
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Methodology

—

/—/ =

Ontology . Conceptualization
. ! Requirements . .
Engineering . and Integration Pattern Evaluation
Definition .
Framework Implementation
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Requirements Definition

Cost

Time

Resource

C1: How is a cost item defined?

C2: Which types of cost components con-
stitute a cost item?

C3: How is the cost item connected to the
building product in the IFC model?

C4: How is the quantity of the building
product used for the cost estimation?

T1: How is a task defined?

T2: How is a task connected to a cost item?

T3: How is the task connected to the build-
ing product in the IFC model?

R1: How is resource defined?

R2: Which type of resources exist?

R3: How is a resource connected to a cost
item?

R4: How is a resource with a specific uti-
lization rate connected to a task?

Loac ||
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Conceptualization and Implementation - Time

= Digital Twin Construction (DTC) Ontology

= dtc:Task: core class representinga
construction activity

cr:hasLagUnit qudt:Unit
’ oemcr:hasLagStart

:Precondition3

= Preconditions allow representation of A N L agProconditon et orhasL agDuration
logical and temporal dependencies dtc:hasPregondition . _d¢hasPrecondiion | "28"Wxsdiinteger |
. v
(e.g. dtc:ProcessPrecondition) ‘Precondition2 "2024-10-OQTOQ:00:02.000000"""xsd:dateTime

ot - dtc:startTime
dtc:requiresProcess

el :ConcreieCaéting

dlc:enc_!Time

"2024-10-09T18:00:00,000000" *xsd:date Time |4

--------p owl:ObjectProperty rdfs:Class

e owl:DatatypeProperty rdfs:Literal
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Conceptualization and Implementation - Cost
= Cost Iltem (Cl) Ontology

= ci:Costltem: core class representing a
unit cost ci:hasPart

= Aggregation pattern via ci:hasPart to
ci:CostComponent entities T

» 3subclasses:
ci:ConstructionComponent

ci:ProductComponent
ci:-TemporaryComponent

--------9» owl:ObjectProperty rdfs:Class

e e owWl:DatatypeProperty rdfs:Literal
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Conceptualization and Implementation - Cost

= Cost Iltem (Cl) Ontology
= ci:Work: class representing the physical

part of the construction work (“wall”) ctdoscrptonGenora sidescrptonGeneral
Anysd:decimal " mdescnpﬂaneneral
= ci:Activity: class representing the action % cuniprce Y
that must be performed to carry out the s | e 1 M—
construction work (“creation” or e cheode | |
ci:quantityUnitOfMeasure E B i

“demolition” of the wall)

h 4
| Axsd:integer

; ci:‘ha_sUnil A

= Properties: ci:code, ci:unitPrice, B o dem

C I : d esc ri ptio n , Ci . h as U n |t, etC. ci:ha;sPart ilfi:fl.-lantilyU?itOfMeasulfl‘.f ci:difcriptionGensral :
Ci:hasUn-il\"1 _-‘; . = ci:haJsWork" dic:Task

* Units reused from QUDT ontology . cinasctity
ci:CostComponent

= Multilingual classification: via the
CTERM ontology (cterm:Function, etc.) T riesubClaseOr refs:Class
owl:ObjectProperty

e e owl:DatatypeProperty

i

rdfs:Literal
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Conceptualization and Implementation - Resource

= Construction Resource (CR) Ontology

= cr:Resource: core class representing all
resource entities (labor, materials,
equipment)

= 3subclasses: cr:EquipmentResource, T
cr:MaterialResource, cr:LabourResource | | |

= Semantic Equivalency between CR and DTC [ | |
ontology:

o cr:LabourResource = dtc:AsPerformedWorker
—— rdfs:subClassOf

rdfs:Class

o cr:MaterialResource = dtc:AsPerformedMaterial

Equivalence (=) relationship

o cr:EquipmentResource = dtc:AsPerformedEquipment
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Conceptualization and Implementation - Assignment

= Assignment across domains

= cr:AssignmentSet: container for multiple 1-
to-1 mappings between domain entities

A
= cr:Assignment single 1-to-1 mapping, with 5 | crishssignmentOf
subclasses:
o cr:CostltemToGeometryAssignment T

o cr:TaskToCostltemAssignment
o cr:TaskToGeometryAssignment
o cr:ResourceloCostltemAssignment

o cr:ResourcelolTaskAssignment

—» rdfs:subClassOf

»= Assignments may carry parameters e > owlObjectProperty
(e.g., utilization rate, formula, quantity) rafsiclass
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Conceptualization and Implementation
|
l

dtc:requiresResource

dtc:ResourceAssignment

dtc:hasResourceAssignment

ci:hasSubComponent ~  _____.ooee-
- cr: refRESOUFCB_ _-“'“‘"'-__
H l cr: reﬂ'ask :
T dtc:Task

cizhasWork ' ,." cr: refCostItem . :
’ : crirefCostitem Tl It crrefTask
} o ! crrefTask

cizhasActivity :
H / crrefCostitem
ci:hasSubComponent H l
criisAssignmentOf
——» rdfs:subClassOf g
-------- » owl:ObjectProperty e
crirefGeometry R -7 crirefGeometry
RUHR
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Conceptualization and Implementation - Terminology

= Construction Terminology (CTERM) Ontology

= Core terminology classes: cterm:Object,

cterm:Material, cterm:Function, etc.
= Vocabulary terms can be:
= Reused across ontologies

= Specialized by semantic role (e.g.,
cterm:Reinforcement used as
cterm:Function)

= Labeledin multiple languages
(@en, @de, @it)

= The CTERM ontology will also be made

available as SKOS vocabulary in future work.

cterm: hasFamny cterm: hasCa!egory ctarm hasOhject - cterm hasMaterial

w m mfm m@_

cterm:Terminol Iogy

—» rdfs:subClassOf
-------- # owl:ObjectProperty

rdfs:Class
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Conceptualization and Implementation - Classification
= Construction Terminology (CTERM) Ontology

= 6 classyfication systems referenced:

o

o

o

P e cterm:Classification

A1010 - Standard Foundation cterm:hasCIaslsiﬂcationSystem
cterm:DIN276 (German) | | '

cterm:StLB (Germa n) cterm:CIasmatlonSystem

cterm:UNI8290 (ltalian)

cterm:Omniclass DINZ276 : :
cterm:Uniclass

v A 4
| Omniclass | | UNI8290 |

cterm:Uniformat

—» rdfs:subClassOf
-------- # owl:ObjectProperty
s oWl DatatypeProperty

rdfs:Class

rdfs:Literal
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Evaluation

= The evaluation of the conceptualized and implemented resource-centric ontology network
for construction project management is based on a sample dataset

"LOM241."Mxsd:string "OC.EEA.Pa10.E5100.J0001.0000.b"*xsd:string

A

"263.68""xsd:dacimal 4. ..‘?‘:'?’eﬁ” ‘CostActivity01

ci:unitPrice

:code

: wrefCostitem | ~"=r=zsasazeeano. ..
crrefCostltem | cr:refCostltem™ ™~
‘M3 i
qudt:Unit :CostResources01 !
A s crirefResource
crrefResource H
refParamFormul Y
"Volume*110%"Mxsd:string 4---9[ f?__‘a‘ram ormuia ! ™ :ConcretePump
: cithasUnit |
cr:refParamQuantity L
I :FoundationCostltems
¥ s
130.6624"xsd:float cr:refGeoméfr—s;"-' *

:Foundation_01
crirefGeometry

———————— » owl:ObjectProperty rdfs:Class

» owl:DatatypeProperty rdfs:Literal

- . crrefTask

:TaskResources01

"2024-10-09T09:00:00.000000"xsd:date Time
A

cr.refTas ‘ _dte:startTime
v .
:ConcreteCasting

A % dtcendTi
orirefTask ﬁ dic:endTime

’ v

"2024-10-09T18:00:00.000000"Mxsd:dateTime

:FoundationTasks
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Evaluation-CQs C1-C4

1 PREFIX cr: <https://w3id.org/cr#>

2 PREFIX ci: <https://w3id.org/ci#=>

3 PREFIX dtc: <https://dtc-ontology.cms.ed.tum.de/ontology#>
4 SELECT ?item ?component ?type ?product ?qty ?formula

WHERE {

2

6 ?item a ci:Costltem

7 ?item ci:hasPart ?component

8 component a ?type

9 ?assignment cr:refCostltem ?item

10 ?assignment cr:refGeometry ?product .
11 ?assignment cr:refParamQuantity ?qty

12 ?assignment cr:refParamFormula ?formula

12} LIMIT 1

Listing 1: SPARQL Code for CQs C1-C4

Results of the query for CQs C1-C4

item component type product qty formula
:Foundation_LOM?241. :ConstructionCompo- ci:Construc- geometry:Ifc- 130.6624 Volume*1.1
OC.EEA.Pa10.E5100. nent_ OC.EEA. Pal0.E5100. tionCompo- Slab_905

J0001.0000.b J0001.0000.b nent

ity
S .
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Evaluation-CQs T1-T3

1 SELECT ?task 7?ci ?product

2 WHERE {

3 ?task a dtc:Task.

4 ?assignmentl cr:refTask ?task.

5 ?assignmentl cr:refCostltem ?ci.

6 7assignment2 cr:refTask ?task.

7 ?assignment2 cr:refGeometry ?product.
8 } LIMIT 1

Listing 2: SPARQL Code for CQs T1-T3

Results of the query for CQs T1-T3

task ci product

scheduling:Task_LEANCONCRETECAST- :SubFoundation_LOM?241.0C.EEA.Pa10. geometry:IfcSlab_2649
ING_4152F6CF-A19D-EF11-A011-A059508B7099  A6415.J0001.0025.-

v
A,
& ‘,
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Evaluation — CQs R1-R4

{ ?assignment2 cr:refResource ?res.
?assignment2 cr:refTask ?task. }

1 SELECT ?res ?type ?ci ?task

2 WHERE {

3 ?res a ?type

4 { ?assignmentl cr:refResource ?res.
5 ?assignmentl cr:refCostltem ?ci. }
s UNION

7

8

9

}

Listing 3: SPARQL Code for CQs R1-R4

Results of the query for CQs R1-R4

res type ci task
:LabourResource_RU.00.00.00.0005.- cr:LabourRe- :Reinfocment-
source Bar_LOM241.0C.EEA.
Pa02.E9700.5b017.0255.-
scheduling:Re- cr:LabourRe- scheduling:Task_RE-
source. WORKER1_6A52F6CF-A19D- source BARS_4952F6CF-A19D-EF11-
EF11-A011-A059508B7099 A011-A059508B7099

v
A,
& ‘,
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Conclusion

Benefits
= Developed a shared construction resource ontology aligning cost, time, and geometry domains
= |mproved traceability and coordination in BIM-based project planning

= Basis for automated validation of cost/schedule coherence

Limitations
= Requires consistent modeling of shared resources in both domains
= Manualintervention still needed when resource definitions diverge

= Generalizability across diverse regulatory and project contexts remains to be validated

Future Work
= Validation on real project data

= Analysis of different scenarios (e.g. weekly resource usage, comparing cost-schedule resource planning)

19

RUHR
UNIVERSITAT RU B
LDAC J | | BOCHUM




. POLITECNICO
F MILANO 1863

Thank you RUB

Jacopo Cassandro

Jjacopo.cassandro@polimi.it

Polytechnic of Milan

Department of Architecture, Built Environment and Construction Engineering (DABC)
Via Giuseppe Ponzio, 31, Milano (Ml)



	Slide 1: A shared construction resource ontology for semantically aligning cost and time domains in construction projects
	Slide 2: Introduction
	Slide 3: Problem Statement
	Slide 4: Research Gap
	Slide 5: Research Aim
	Slide 6: Methodology
	Slide 7: Requirements Definition
	Slide 8: Conceptualization and Implementation - Time
	Slide 9: Conceptualization and Implementation - Cost
	Slide 10: Conceptualization and Implementation - Cost
	Slide 11: Conceptualization and Implementation - Resource
	Slide 12: Conceptualization and Implementation - Assignment
	Slide 13: Conceptualization and Implementation
	Slide 14: Conceptualization and Implementation - Terminology
	Slide 15: Conceptualization and Implementation - Classification
	Slide 16: Evaluation
	Slide 17: Evaluation – CQs C1-C4
	Slide 18: Evaluation – CQs T1-T3
	Slide 19: Evaluation – CQs R1-R4
	Slide 20: Conclusion
	Slide 21: Thank you

