
 

CONSISTENCY VERIFICATION BETWEEN COST AND GEOMETRIC 
INFORMATION BASED ON IFC: APPLICATION ON STRUCTURAL 
ELEMENTS 

Jacopo Cassandro & Claudio Mirarchi & Alberto Pavan 
Polytechnic of Milan, Italy 

Maria Grazia Donatiello & Carlo Zanchetta 
University of Padua, Italy 

ABSTRACT: Cost estimation for tendering is one of the leading causes of legal disputes in the architecture, 
engineering, construction, and facilities management (AEC/FM) industry. 

The lack of a standardised support procedure to verify the association of cost data with the objects model causes 
waste of time and inaccuracy in the cost estimation. 

This research work, starting from a previous study where the research group integrated a cost domain in the IFC 
data schema, investigated the possible applications of this IFC based cost domain integrated with an IFC 
geometrical information model. The current paper investigates a specific case study focused on a structural model 
to verify current and future applications. 

Furthermore, rules for BIM information requirements will be defined through the Information Delivery 
Specification (IDS) to ensure an easy way for humans and computers to understand it. This will allow to specify 
which data must be present in the geometric model to subsequently ensure validation and verification of uniqueness 
of the cost data associated with geometric data. 

The results show the possibility to define a structured cost items in IFC associated through relationships to other 
entities and then verify their association to geometric data to guarantee its consistency and uniqueness. 
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1. INTRODUCTION 

Cost estimation is one of the most critical tasks and still unresolved problem in the architecture, engineering, 
construction, and facilities management (AEC/FM) industry. 

To be able to obtain a cost estimate for a building, it is generally necessary to classify all objects in the building 
project using articles and to record their quantities. Although this is an objective process, human errors can often 
be encountered relating to both the incorrect association of prices and the incorrect calculation of quantities. One 
of the problems facing the AEC industry today is precisely the lack of a standardised support procedure to verify 
the association of cost data  Lu et al., 2016). With the advent of BIM, computing tools have 
changed and evolved digitally. Wu et al., (2014), Sacks et al., (2018), Elghaish et al., (2020), and Olatunji et al., 
(2021) reported on the possibilities of BIM to improve and support cost estimation, but the approach to computing 
has remained the same. So, 
measurements, they are now associated with model objects but there is no certainty that this association is correct 
and consistent. 

Currently the computation software receives the information from a model exported in an open format, Industry 
Foundation Classes (IFC) and retains the cost listing within it. With this study, the aim is to compensate for the 
lack of standardisation in cost validation by creating an IFC-based cost semantics, thus identifying a common 
language between model objects and costs. 

The IFC is standardized according to ISO 16739-1. This could provide a solid basis for the exchange of information 
resources between information systems (Froese T et al., 1999). The IFC standard published by Buildingsmart 
International plays a very important role in the process of exchanging BIM data between the various participants 
in a building construction or management project, as it is an open specification. IFC provides some entities to 
represent information in building management, including IfcConstructionManagementResource (building 
resource) IfcWorkPlan (planning), IfcTask (task), IfcScheduleuleTimeControl (task time information), 



 

 

IfcCostSchedule (cost planning), IfcCostItem (unit cost estimation item) and IfcCostValue (value).  

This research work, starting from a previous study in which the research team integrated a cost domain into the 
IFC data model (Cassandro et al., 2023), investigates the possible development of a standardised support procedure 
to verify the uniqueness and correctness of the association between the new cost items and their written information 
within the IFC standard and the geometric objects contained in a specific case study, a structural model. 

Currently, in Italy, the cost items are contained in the list of public works (in the specific case of the Price List of 
the Lombardy Region) a document based on unstructured data and characterized by a natural language. 

Starting from a work previously developed by the research team (Cassandro et al., 2023), it was possible to initially 
create an IDS file for the definition of the requirements that must be present in the geometric model. This is 
fundamental to guarantee both the correct association of the entities of cost but also the analysis and the 
interrogation of the data in the successive phases of verification. Subsequently it is possible to verify the 
association between the cost items and the geometric objects to ensure the uniqueness and correctness of the cost-
object relationships created. 

Specifically, this would allow to: 

• check the correct price association  
• ensure validation, uniqueness and comparison between attributes of a certain cost class and the attributes 

 
• consider cost elements as standardizable and query-able computer classes. 

The example of a structural model has been taken and a structure of relations between costs and geometry has been 
created to allow the verification of the uniqueness of associated data and validate the code developed. 

The paper is structured as follows. First an analysis of the existing literature on cost estimation via IFC classes, 
current methods of checking compliance and the Information Delivery Specification standard (IDS) is presented. 
Currently there are not BIM authoring software that can write the IfcCostItem entity and as a result you cannot 
check this information so, it was decided to rely on the IfcOpenShell library to initially create the cost items and 
then verify the association and accuracy of the data of the entity through the code developed for this research. 

2. THEORETICAL BACKGROUND 

Within the BIM process, one of the most relevant parts is undoubtedly the validation of the model and the 
information it contains for a proper exchange of data. There may currently be different types of project’s validation, 
or model checking, and they may be the following: 

•  
• verification against design settings (e.g. the specifications within the BEP, BIM validation  
• checks against regulations (code checking)  

The purpose of these checks is to ensure that all data entered within the model is correct from a geometric and 
informative point of view, and that it meets all standards.  

Currently, this check is a process that, while being facilitated using software and tools, still remains time-
consuming, expensive and prone to errors (Dimyadi & Amor, 2013). The main problem of model checking always 
concerns the validation process (Ghannad et al., 2019). 

2.1 Model Checking 

Model checking is a key element in information modeling and management (Ciribini et al., 2015). In standard 
design processes, according to studies, only 5-10% of the information content of the project is systematically 
checked (Trebbi et al., 2020). 

Clash detection means t
construction of the work which is not checked in advance within the 3D model (Akponeware & Adamu, 2017). 
These 
space, and the "soft clash" referred to objects that do not collide but are too close. 



 

Code checking is the verification of the compliance of the digital model with the corresponding regulation (Trebbi 
et al., 2020). The use of specific software that supports these controls can reduce time and error, thereby improving 
several aspects of building design, including efficiency and model quality (Greenwood et al., 2010). 

It is essential to verify the compliance of the models with regulatory and technical requirements, and therefore an 
automatic control of the frequency and uniqueness of the information would have a significant value within the 
AEC industry (Solihin & Eastman, 2015). Furthermore, it may be necessary to verify compliance with the 
requirements of “Employer Information Requirements” (E.I.R.) or of “BIM Execution Plan” (B.E.P.) (PAS 1192-
2:2013).  

The first study on automated code compliance checking is the Singapore project CORENET (Construction and 
Real Estate Network) an initiative based on the complete integration of the life cycle phases. Similarly, in the USA 
SMARTCodes was born and Autodesk Revit provided some plug-ins such as UpCodesAI which supports some 
parts of the International Building Code but also some parts of other standards from other jurisdictions, in Australia 
DesignCheck. 

2.2 Existing Applications 

Model checking is normally done by use of standalone applications as Solibri Model Checker, SMARTcodes, 
ePlanCheck, AEC3 Compliance or EDM Model Server (Ismail et al., 2023). An often used example of model 
checking is clash detection to validate if for example different types of pipes intersect each other. Another example 
can be to check if the width of the doors is according to codes of accessibility in the regulations or national 
standards. The most used for model data verification are Solibri Model Checker and Naviswork. 

Solibri Model Checker (SMC) is a prominent BIM software application which assist designers in visualizing any 
issues or problems regarding the design model before and during construction. It is one of the few software 
packages that leaves the end user with a minimum of scope for action. The rules set in SMC are set for the 
Norwegian State Administrative Agency handbook but can be modified by the end user by changing the rule set 
or deleting some. The creation of new rules is possible but has limitations. To be able to create new rules, it is 
necessary to act on the API, which is not public.  

Naviswork, is one of the most widely used tools on clash detection and coordination of models from different 
disciplines. The software detects intersections or conflicts between elements in the 3D model, helping to identify 
and resolve construction or design issues promptly, reducing errors and costs during project execution. 

3. PROBLEM STATEMENT 

As can be seen from the literature analysis above, typically the verification is done within the geometric model 
considering only one domain (that of the model itself). Instead, the goal of the research is to validate data between 
a plurality of domains linked together (in this case the geometric domain and the cost domain) and that can be 
contained in the same model. The architectures of cost items cannot be considered exclusively as strings of text in 
natural language because they are not machines readable. For this reason, to verify and validate the consistency 
and uniqueness of the data, it is necessary to structure according to a semantic defined cost items in more complex 
architectures thus creating a cost domain. This should ensure that the consistency of associated data between cost 
and geometry can be verified. 

Starting from this statement, the research focuses on the key aspect of: 

- How to define a procedure for checking and verifying data between geometric and cost domains. 

4. RESEARCH AIM & METHODOLOGY 

This research investigates the development of a standardized support procedure to verify the correspondence 
between the cost items and the data they contain with the objects contained in the information models.  

The cost data in this research are stored in a new cost database based on architectures developed in openBIM 
format and structured according to the IFC data model (Cassandro et al., 2023)
specific case of the list of public works of the Lombardy Region, cost items are present in unstructured format 
within textual documents in natural language. This causes problems and possible errors both in the association and 
in the verification of the associated costs. In fact, currently one of the most challenging issues for building design 



 

 

 

 

 

 

 

 

 

 

 

 

5.  

 

5.1  

 



 

 

5.2  

 

 

 

6.  

 

 

 

 



 

 

All data used and related to cost items come from the price list of the Lombardy Region. In Italy the estimation of 
the prices in public tendering takes place using a price list. Each region has a catalogue containing price items, 
called price list, which is the basis of the economic offer and regulates payments in public contracts. 

6.1 Model Requirements 

Starting from a detailed analysis of the cost items, the minimum requirements (Level Of Information Need) that 
the geometric model must contain to ensure the subsequent association, verification and validation of data between 
geometric objects and cost items have been identified. It was possible to define the basic requirements to be 
delivered to the modeler on the basis of a work of analysis and breakdown of the current cost items for the 
identification of a new standardized architecture in which to insert and structure the current cost items. 

The information that a single geometric entity must have in the model (called Facet in the standard IDS) have been 
defined. In the first part of the facet (applicability section), it was defined to which type of objects the specification 
applies and then it was defined the requirements (requirements section) that is required for the objects specified in 
the first part, such as required properties or classifications. Each specification has metadata (name, description, or 
instructions) to help describe the goals and instructions of how to achieve it before the applicability section (Figure 
3, Figure 4). In the following example we ask as fundamental requisites that all IfcSlab entities of the geometric 
model (applicability) have compiled both the attribute "PredefinedType" according to the specific values defined 
by the standard (only these values are accepted: BASESLAB, FLOOR, LANDING, ROOF, NOTDEFINED, 
USERDEFINED) and the attribute "Name" with unspecified value (requirements). 

Fig. 3: Simplified IDS user visualization with "IfcTester" web application. 

Fig. 4: IDS document in machine-readable xml format. 

The rules for the BIM information requirements that have been defined have been collected in Table 1. Two 
examples of requirements for modeling structural and non-structural foundations are given. We can see how the 
"Req.1" defines the requirements that each individual object of the model exported as IfcSlab.BASESLAB with 
Loadbearing value false (applicability) must have.  

The ACCA software "usBIM.IDS" was used to verify the requirements and the correctness of the geometric model. 
It was therefore possible to verify the information contained in the geometric model and to detect discrepancies 
from the requirements initially defined and necessary.  

 

 <ids:specification ifcVersion="IFC4" name="The entity IfcSlab must have Name and PredefinedType" minOccurs="0" maxOccurs="unbounded"> 
     <ids:applicability> 
         <ids:entity> 
             <ids:name> 
                 <ids:simpleValue>IFCSLAB</ids:simpleValue> 
             </ids:name> 
         </ids:entity> 
     </ids:applicability> 
     <ids:requirements> 
         <ids:entity> 
             <ids:name> 
                 <ids:simpleValue>IFCSLAB</ids:simpleValue> 
             </ids:name> 
             <ids:predefinedType> 
                 <xs:restriction base="xs:string"> 
                     <xs:enumeration value="BASESLAB" /> 
                     <xs:enumeration value="FLOOR" /> 
                     <xs:enumeration value="LANDING" /> 
                     <xs:enumeration value="ROOF" /> 
                     <xs:enumeration value="NOTDEFINED" /> 
                     <xs:enumeration value="USERDEFINED" /> 
                 </xs:restriction> 
             </ids:predefinedType> 
         </ids:entity> 
         <ids:attribute minOccurs="1" maxOccurs="1"> 
             <ids:name> 
                 <ids:simpleValue>name</ids:simpleValue> 
             </ids:name> 
         </ids:attribute> 
     </ids:requirements> 
 </ids:specification> 



 

Table 1: Examples of requirements for modeling structural and non-structural foundations 
 Applicability Requirements 

R
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IfcSlab.BASESLAB Attribute Name - 

Loadbearing FALSE 

Pset_ConcreteElementGeneral 

ConstructionMethod In Situ 

 
StrengthClass C16/20 

 
ExposureClass X0 

StructuralClass S4 

Pset_SlabCommon 

FireRating - 

IsExternal - 

LoadBearing FALSE 

Status NEW 

Qto_SlabBaseQuantities 

Depth - 

Width - 

Length - 

 
Perimeter - 

 
GrossVolume - 

  NetVolume - 

R
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IfcSlab.BASESLAB Attribute Name - 

Loadbearing TRUE 

Pset_ConcreteElementGeneral 

ConstructionMethod In Situ 

StrengthClass C25/30 

ExposureClass XC1 

StructuralClass S4 

ReinforcementVolumeRatio 100 

ReinforcementStrengthClass B450C 

Pset_SlabCommon 

FireRating 

 
IsExternal - 

 
LoadBearing TRUE 

 
Status NEW 

 

Qto_SlabBaseQuantities 

Depth - 

 
Width - 

 
Length - 

Perimeter - 

GrossVolume - 

  NetVolume - 

6.2 Verification of the uniqueness and completeness of data 

As already widely discussed in the section of “RESEARCH AIM & METHODOLOGY” the article aims to identify 
a method of verification of the uniqueness and correctness of the association between cost item and geometric 
object. 
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#1881=IfcSlab('1r$l67n5fDrxE0IVJzq9my',#19,'FND_PLA',$,'Platea:FND_PLA_30',#1868,#1880,'242873',.BASESLAB.) 
 - IfcSlab 
 - BASESLAB 

    #1900=IfcRelDefinesByProperties('2zqfiK0TxYZV_kPQ7PQE8u',#19,$,$,(#1881),#1887) 

    #1887=IfcPropertySet('2Unrwa5Dqbjdie587QU4TO',#19,'Pset_SlabCommon',$,(#242,#718,#719,#1883)) 
      #242=IfcPropertySingleValue('LoadBearing',$,IfcBoolean(.T.),$) 

#97=IfcCostItem('1$8jCZH8bFE97CyJuzD_2b',$,'Concrete casting for foundation layer', ’...’,.USERDEFINED.,(#96),(#95)) 
 - #45=IfcRelAssignsToProduct('3f5uwtK8r0ivS67zJKTVQU',$,'Rel cost-element','Rel between cost item and sample element',(#12),$,#14) 
 - #14=IfcSlab('2942YU3sLCEvWbpvY3ug5Y',$,'Sample element of concrete foundation slab', ’...’,$,$,$,$,.BASESLAB.) 
 - IfcSlab 
 - BASESLAB 

    #24=IfcRelDefinesByProperties('1qS4DR7EH8Yw0pP$KWTsjd',$,'Rel Pset','Rel between Pset-Sample Item',(#14),#23) 

    #23=IfcPropertySet('3eHYyWf$j3o9iq4HBQt0uP',$,'Pset_SlabCommon',$,(#15,#16,#17,#18,#19,#20,#21,#22)) 
      #22=IfcPropertySingleValue('LoadBearing','Whether this component is carrying (YES) or not carrying (NO)',IfcBoolean(.T.),$) 



 

 

 

 

Entity Attribute/PSets Parameter Name Geometric Object Cost Item Check 

IfcSlab Attribute PredefinedType BASESLAB BASESLAB  

Pset_ConcreteElementGeneral ConstructionMethod In Situ In Situ  

StrengthClass C20/25 C25/30  

ExposureClass XC1 XC1  

StructuralClass S1 S4  

ReinforcementVolumeRatio 100 100  

ReinforcementStrengthClass - B450C ND 

Pset_SlabCommon FireRating - - ND 

IsExternal FALSE TRUE  

LoadBearing TRUE TRUE  

Status - NEW ND 

AcousticRating - - ND 

PitchAngle - - ND 

ThermalTransmittance - - ND 

Compartmentation - - ND 

7.  
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- check the correctness and uniqueness of the cost items associated with geometric objects to ensure greater 
correctness of the cost estimate. 

Nowadays cost estimation is one of the most critical tasks in the AEC/FM industry. Therefore, to support, verify 
and improve the quality of cost estimates, in public tendering, and reduce human error-prone, the study proposes 
the identification and applicability of a procedure for the verification of uniqueness of cost data assigned to 
geometric object within IFC data model. This scientific research has led technological attempts through the writing 
of a code in Python and through the support of the library IfcOpenShell. The results obtained are real, effective 
and scalable. The scalability of the hypothesized method has been demonstrated as it can also be implemented for 
other models. Currently, however, you can get these results only through code because current commercial 
applications do not allow user friendly implementations. The possibility of developing an executable to facilitate 
the verification of the model by an external user is being studied. 

Currently, as seen in the literature, the approaches used do not provide for a verification of the correctness and 
uniqueness of the association between two different domains, cost and geometry. Typically, the verification is done 
within the geometric model considering only one domain (that of the model itself). In fact, usually only geometric 
interference and checks with the current regulations are carried out. While the goal of the research is to validate 
data between a plurality of domains (in this case the geometric domain and the cost domain) linked together and 
that can be contained in the same model. This causes numerous problems both in the phases of cost estimation and 
in the phases of construction of the work with consequent cost increases and possible disputes between 
customer/commissioning body and enterprise.  

Nowadays
is no possibility for machines to understand information not structured and in natural language. For this reason, 
the goal of the research is to create a cost architecture to be associated with a geometric object, richer and more 
granular than a simple attribute associated in the model, allowing the verification of uniqueness and correctness 
of the data. The results of the research confirm the feasibility of the proposed method. 

8. CONCLUSION 

This research work is part of a larger project that will involve the relationship of the information of economic 
objects to the information of geometric objects. Specifically, the research shows how, in the AEC sector, it is 
essential to perform a verification of the associated information during the cost estimation phase for a correct 
management of cost data within construction projects. The research studies and experiments the application of a 
semi-automated method of verification of the cost data to ensure uniqueness and consistency of the information. 
This will allow to quickly and effectively verify if the cost information present in the project is consistent with 
what is stated within the geometric model. 

Despite the many advantages that this application can provide, some limitations have been found in the proposed 
method including: 

- standardisation of information and identification of requirements that the model must have (if the model 
does not follow the specified requirements, it is not possible to carry out cost verification it is not 
possible to test the method on any IFC model received  

- need for detailed analysis of the information in the IFC data model for a clear understanding of the 
(Name, 

description, TypeEnum, ecc.) but it is necessary to deepen the relationships that the same creates with 
other entities (IfcMaterial, IfcPropertySet, ecc.). A practical example is found among the objects lean 
concrete and slab foundation  they are both IfcSlab.BASESLAB and one of the ways to differentiate them 
is to analyze the LoadBearing single value (True or False) in the Pset_SlabCommon. 

Although the method has been applied to a specific case study in the structural field, the methodology can be 
applied for several case studies. Future developments should include testing it in different areas and models for 
construction and large-scale application to verify its reliability. In addition, an application with user-friendly 
interface must be developed to ensure easier use of the tool. 
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