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applied research approach and qualitative methodology, the study investigated various BIM uses within 
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1 INTRODUCTION 

Building Information Modelling (BIM) has revolutionised the Architecture, Engineering, Construction, 

and Operation (AECO) industry, offering a collaborative and data-centric approach to building design, 

construction, and facility management. This transformative technology has brought remarkable benefits, 

improving efficiency, coordination, and decision-making throughout the project lifecycle. However, 

ensuring the quality of BIM models, including adherence to design standards and information 

requirements, remains a significant challenge. Often, achieving the desired level of quality necessitates 

incorporating hard-coding design standards into various design software. 

Consequently, utilising BIM industry-standard practices enhances interoperability, enabling seamless 

information integration for both human stakeholders and technological systems. This process empowers  

end-users to extract valuable insights ([ISO 19650-1], 2018). The cycle of information exchange  

is a dynamic cycle between the information provider and the information receiver (specifier), as 

illustrated in Figure 1. Thus, the adoption of uniform information structures across various sectors 

fosters consistency. It also encourages controlled repetition and predictability, ultimately resulting in 

tangible efficiency gains for enterprises. To facilitate comprehension of deliverables and the 

establishment of automated validation rules, comprehensive information requirements must be carefully 

implemented in the design and development of BIM models (Fenves et al., 1995). 

 

Figure 1: Information exchange flows 
Resources: (UK BIM Framework, 2020) 
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Furthermore, the reliance on traditional drawing-based information exchange is compounding the 

challenges, particularly in the design phase. According to Liu et al.  (2013, as cited in Jubierre, 2015), 

this technology cannot represent the relationships between the information elements they display. As a 

result, designers and engineers must manually update the geometric model to reflect changes in the 

project, a time-consuming and error-prone process.  

1.1 Research Importance and Focus 

Manual checking processes rely on 2D Drawings and textual documents (Preidel & Borrmann, 2016). 

As a result, these processes are causing delays and cost increases. Checking Models is not limited to the 

construction phase but is a continuous process through the project's Lifecycle (Amor & Dimyadi, 2021). 

Consequently, researchers have been developing model-based rule-checking systems to assist in the 

AECO processes. These systems aim to automate checking compliance with rules and regulations, 

improving efficiency and reducing errors. Using rule-based algorithms in model-based checking 

processes is promising because it captures the logic behind the checking routines (Beach et al., 2015; 

Dimyadi et al., 2016; Schwabe et al., 2016, 2019). 

It is argued that Checking Processes are costly. Meanwhile, the unsolved errors may affect the project 

budget.  For example, in a large-scale housing project in London, Modifications of Steep and narrow 

ramps cost £800,000 for the design and construction phases (Ding et al., 2006). According to Ingvaldsen 

(1994, 2001, as cited in Hjelseth, 2016), as much as 40% of defects may be related to blunders in the 

design process. Lopez & Love (2012) concluded that unsolved design errors may increase the project 

cost throughout the life cycle.  

In the construction phase, it was shown that unsolved design errors can increase the project's total cost 

by 14.21% relative to the project contract value. The errors direct cost represents 6.85 % while the 

indirect cost represents 7.36% (Hjelseth, 2016). However, the Automation process of the BIM-based 

model checking is still not adopted enough. The only fully automated solution was in Singapore, where 

an automated process was implemented but discontinued (Beach et al., 2020).  

In summary, the process of BIM-based Model Checking (BMC) is a sequence procedure affecting the 

whole project outcome. The study focuses on Automating the BMC process and the information 

requirement needed across the project lifecycle. 
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1.2 Research Aim and Objectives 

The research project aims to implement the BMC process and information requirement framework 

practically. The research will be guided by the following objectives: 

A- Explore different BIM uses, including code validation, quantity take-off, cost estimation, and clash 

detection, within the context of information requirements for the BMC process. 

B- Adapt the BMC process and develop automated workflows for the BMC, showcasing the 

implementation of each workflow. These workflows should encompass both black-box and white-box 

approaches. 

C- Define typical scenarios for information requirements that may arise during the BMC process, 

whether geometrical or alphanumerical. 

D- Implement the information requirements framework (Level of Information Need) and scenarios with 

the proposed BMC workflows to practically assess these workflows and identify their limitations and 

opportunities. 

1.3  Partnership for the Thesis 

The thesis was developed in collaboration with Protim Ržišnik Perc d.o.o., A leading Slovenian 

consulting and design company. The company provides its clients with consulting services, represents 

them, and leads their investment projects in the design phase through the pre-construction and 

construction management phases. The company specialise in Integrated Design, Project management, 

Construction management, Master Planning, Consulting Services, Expert Opinions, Geodesy, Energy 

Consulting, Valuations and Legal Support, Facility Management, and BIM. 

The partnership included necessary support from the Protim Ržišnik company team with the required 

information to conduct the case study and other related information regarding BIM Processes within the 

company. 

1.4 Thesis Structure 

The thesis is structured in seven main chapters besides references and appendixes as follows: 

Chapter 1 - Introduction: The chapter introduces the research background and its importance, aim and 

objectives with an outline of the thesis structure and timeline. 

Chapter 2 - Literature Review: The chapter provides an in-depth exploration of the research's Literature 

review topics of BIM-based Model Checking (BMC), Information Requirements, and openBIM 

Standards. 
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Chapter 3 - Methodology: The chapter outlines the applied research approach and qualitative 

methodology adopted in this study. It provides insights into the chosen applied research approach, its 

type, data collection methods, and the software/tools used. 

Chapter 4 - BMC Workflows and Scenarios: The chapter discusses the extensive application of BMC 

throughout the entire project lifecycle, focusing on information requirement relevance across BIM uses 

and exploring real-world scenarios that demonstrate the practical utilisation of BMC. Additionally, this 

chapter introduces the proposed BMC workflows as a main objective of the thesis. 

Chapter 5 - Case study: The chapter provides a practical implementation involving the case study project 

provided by the thesis company partner. The implementation includes defining the Level of Information 

Need framework for specific BIM use of QTO and Cost estimation. Each of BMC's proposed workflows 

is implemented in-depth using a variety of BIM software and tools. 

Chapter 6 - Discussion: The chapter includes an overview of the implemented information requirement 

framework with an analysis of the BMC workflow implementation results, limitations, opportunities, 

and Software review and comparison. 

Chapter 7 - Conclusion: This chapter provides a comprehensive conclusion, including theoretical and 

practical contributions, key findings, and recommendations for future research about the information 

requirements and BMC. 

1.5 Thesis Timeline 

The research work was distributed over the entire thesis period, as shown in Figure 2. The timeline 

includes the preparation of research content and the main software learning timeline. Meetings 

were conducted on a bi-weekly basis with the supervisor and either bi-weekly or monthly with the 

company mentor. 

 

Figure 2: Thesis timeline 
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2 LITERATURE REVIEW  

The research focuses on the domains of BIM-based model checking (BMC) and its implementation, 

opportunities, and limitations in the context of information requirements, as illustrated in Figure 3. 

The BMC implementation can be achieved through the black-box and open-box approaches (it will be 

explained in-depth in the following sections). In this chapter, a literature review is conducted with a 

detailed overview of BMC and information requirements with an overview of openBIM Standards that 

is used later in subsequent chapters. 

 

Figure 3: Research literature review areas 

2.1 BIM-based Model Checking (BMC)  

Model checking is a subsequent procedure, and, in many cases, it is limited to model quality and 

collision checking (Schwabe et al., 2019). Consequently, the designs must be thoroughly examined and 

revised if any issues or conflicts arise due to predefined checks. McGraw-Hill (2014, as cited in Hjelseth, 

2016) expected Model Checking to boost BIM uses, especially in industrial sectors. 

Guedes & Andrade (2019) demonstrate how model checking can standardise the evaluation of designs, 

improve efficiency, and enhance accuracy. 

BMC, as a specific terminology for BIM-based model checking  (Hjelseth, 2016),  has become an 

integral part of the BIM process, playing a crucial role in ensuring the accuracy, compliance, and quality 

of building models. In recent years, BMC has evolved beyond the conventional notion of clash detection, 

encompassing a broader range of checking processes such as validation, compliance, and design solution 

checking. 
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 By leveraging advanced technology and methodologies, BMC enables professionals in the AECO 

industry to verify adherence to building codes, meet client demands, optimise energy performance, and 

adhere to industry standards. The following sub-sections explore the terminologies, concepts, 

applications, and successful case studies of BMC. 

2.1.1 BMC Synonyms Terminologies 

While defining BMC Processes as clash detection is theoretically not wrong, it is very narrow and 

limited. Instead, Clash detection and Duplication checking could be considered the common examples 

of BMC that rely on Boolean expressions (Hjelseth, 2009, 2015, 2016). 

Thus, other checking processes such as client demand fulfilment, energy performance, public demands, 

and standards can be conducted. That is why BMC has many other terminologies with the same purpose 

while not mentioned in the ISO Concept Database. Those terminologies are Clash detection, Model 

checking, Validation checking, Compliance checking, Code compliance checking, Quality checking and 

many more (Hjelseth, 2016). For specific uses, some terminologies and abbreviations could be used. 

For insurance, Compliance code checking (CCC) describes the compliance process of codes (Aydın, 

2022). 

Meanwhile, it is derived that the dominating actors of BMC software use different terminologies. For 

instance, Solibri Model Checker (SMC) uses Compliance Control, Design Review, Analysis and Code 

Checking terminologies. Autodesk Navisworks uses Model Review, Interference Checking and Clash 

Detection. Tekla BIMsight defines clashes with the Check term.  In the research, the abbreviation 

"BMC" was employed to encapsulate the comprehensive procedure encompassing BIM-based Model 

Checking, encompassing all the terminologies mentioned above. 

2.1.2 BMC Concepts  

Generally, one common BMC concept is checking the model against specific clauses in building codes. 

However, some approaches focus on checking specific object types of the model to check related rules 

and behaviour of the object in its environment (Ding et al., 2006). 

Hjelseth (2016) classified the main concepts of BMC, as shown in Figure 4. Venn Diagrams [1] were 

used to express how Model-checking rules processes interact with different kinds of information. BMC 

has five main predefined characteristics: Structure of information, Information requirement, Structure 

of rule, Logic in rule, and Outcome.  

  

[1] Venn Diagram: an illustration that uses circles to show the relationships among things or finite groups of things. Circles 

that overlap have a commonality, while circles that do not overlap do not share those traits. Venn diagrams help to represent 

the similarities and differences between two concepts visually. 
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Figure 4: BIM-based Model Checking (BMC) concepts overview 
 Resource: Data was derived from (Hjelseth, 2016)  

Table 1: BIM-based Model Checking (BMC) concepts summary 
Resource: Graphs and Data were extracted from (Hjelseth, 2016)  

Concept type 1: Validation checking 

The main concept is to compare specific constraints in an information model against pre-designed rulesets. 

The results will be:  

a) BIM model constraints meet the rule sets' constraints. 

b) Constraints in the BIM model meet some of the constraints in rule sets and contradict with some rules.  

Also, some rules are not to be checked due to the lack of information in the BIM model. 

 

 

Concept type 2:  Model content checking 

The main concept is to compare a predefined list of information according to project needs. The checking will 

lead to one of two results: Identified or not identified. 

This concept can also be used to check unnecessary information as part of safety, commercial information and/or 

intellectual property. 
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Concept type 3: Smart object checking 

The concept relies on defining rules and algorithms in the object itself. The object will adapt to its environment 

and observe. The object adaptation is not only limited to the geometrical behaviour but also interacts with non-

geometrical properties such as material properties specification. 

 
Concept type 4: Design option checking 

This concept creates rules that identify predefined design situations and suggest optimal solutions based on the 

knowledge base [1].  Nevertheless, this concept is not mature yet in the AECO Industry, and dedicated software 

solutions for such concepts are unknown. 

 
 

 
 

[1] knowledge database: A knowledge base is a set of sentences, each sentence given in a knowledge representation 

language, with interfaces to tell new sentences and to ask questions about what is known, where either of these interfaces 

might use inference. It is a technology used to store complex structured data used by a computer system. 
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2.1.3 BMC Processes and Functionalities 

Rule-based checking systems are large applications and require significant software utilities to provide 

the functionality. Eastman et al. (2009) expected that the model-checking system would go far beyond 

the code checking to be a standard tool used throughout the building lifecycle. These systems allow 

standardisation in the Model evaluation processes, ensuring compliance with building codes and 

regulations to promote consistency and quality in the project life cycle (Guedes & Andrade, 2019).  

Moreover, rule checking increases the capacity of design project analysts, enabling them to assess 

designs more efficiently and accurately. The reusability of rules is another benefit of BIM-based rule-

checking models. Users can create a library of rules that can be applied to future projects. 

Eastman et al. (2009) observed four classes of capabilities for implementing a functional rule-based 

checking and reporting system: Rule interpretation, Building Model preparation, Rule execution, and 

Reporting checking results, as illustrated in Figure 5. It can be summarised as follows: 

A- The rule Interpretation phase defines the rules for building design in a human language format, such 

as written text, tables, or equations. These rules must be translated into a machine-processable format 

that the rule-checking software can understand. One common approach is to use first-order predicate 

logic as an intermediate language for mapping the rules from natural language to a processable form. 

B- In the Model Preparation phase, the building model is prepared, ensuring it contains all the 

information required for rule checking. This information can be explicitly provided by the designer or 

derived by the computer through analysis or simulation. The model must be syntactically checked to 

ensure it carries the properties, names, and objects needed for the rule-checking task. 

C- The rule Execution involves applying the prepared building model to the defined rules. This is where 

the actual rule checking takes place. The rule-checking software matches the capabilities and 

information available in the building model with the functions defined by the rules. The software 

assesses whether the model complies with the rules and identifies any violations or non-compliant 

conditions. 

D- Reporting checking results is the final step in the rule-checking process. It involves generating reports 

that summarise the results of the rule checking. The reports include information about the design 

conditions that pass the rules and those that fail. It is essential to provide a detailed audit trail that 

validates the completeness of the check. The reporting should also distinguish between different 

instances of objects within the building model to accurately identify violations. 

However, Schwabe et al. (2019) described the previous approach as traditional and explained that 

problems and issues should be solved manually depending on the application. 
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 Another modern and advanced approach was suggested by Solihin et al. (2017) as part of the automation 

checking rules process (Schwabe et al., 2019). It consists of five steps as follows: 

A- Distilling the rule content from the written text. 

B- Transcribing the rule content into a rule language 

C- Transforming the existing model data into the required knowledge representation 

D- Executing the computable rules within a rule engine 

E- Generating new knowledge from reasoning about existing knowledge via the expressed rules. 

Figure 5: Rule-based platforms functionalities 
Resource: (Eastman et al., 2009) 

Nevertheless, The RASE (Requirement, Applicability, Selection, and Exception) method is a commonly 

used BMC approach. RASE is a structured approach to capture and classify information in rule 

documents. It involves categorising the content of the rules into four classes: requirement, applicability, 

selection, and exception. This classification helps organise and understand the logic behind the checking 

routines in the rule document. 

 The RASE method can capture and classify information in various domains, including the Architecture, 

Engineering and Construction (AEC) industry. The structured information obtained using the RASE 

method can then be mapped into existing rule languages for further processing (Hjelseth & Nisbet, 2011; 

Schwabe et al., 2016, 2019; Solihin & Eastman, 2015). 
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According to Zhang et al. (2013), a rule-based checking system can be implemented in two ways: 

through a design-based software application/plug-in or using an Industry Foundation Class (IFC)-based 

model viewer or checker. The software application allows architects, engineers, and designers to validate 

their building models during the design process. At the same time, the IFC-based approach focuses on 

data exchange and integration within the construction industry.  

Moreover, data interoperability between different BIM platforms is a significant challenge in both 

approaches. Beach et al. (2006) adapted an automated code-checking system, which IFC as a standard 

model to the checking tool developed. This workflow was used in the design Consecutive  stages of 

sketch design and detailed design and Documentation.  

Beach et al. (2015) presented a rule-based semantic approach for automated regulatory compliance in 

the construction sector. The approach involves adding metadata to regulation documents, creating a 

regulation ontology, mapping regulations to data formats, and executing compliance checking using 

SWRL [1] rules. 

Furthermore, Dimyadi et al. (2016) discussed the integration of the BIM Rule Language into a computer-

aided compliance audit framework for extracting information from BIM and Regulatory Knowledge 

Models. This approach provides querying capabilities using an SQL-like syntax, including complex and 

nested expressions and performs logic checks for rule compliance. It also provides a lightweight 

geometry engine with standardised checking algorithms, such as intersection checks and shortest path 

finding, further simplifying the rule-checking process. 

Additionally, Hjelseth (2016) discussed the importance of creating separate services that focus on the 

model checking rules and are independent of software implementation. At the same time (Eastman et 

al., 2009) expected that the model-checking system would go far beyond code checking to be a standard 

tool used throughout the building lifecycle.   

2.1.4 BMC Applications and Challenges 

Using a visual programming language (VPL) for defining pre-processing procedures in code compliance 

checking offers several advantages (Preidel et al., 2018; Preidel & Borrmann, 2015). Firstly, VPL allows 

for formulating checking and verification routines in a domain-specific and object-oriented manner. 

This means that the language is specifically designed to handle the requirements and complexities of 

code compliance checking, making it easier to express and implement the necessary procedures.  

 

[1] Semantic Web Rule Language (SWRL) is a proposed language for the Semantic Web that can be used to express rules 

as well as logic, combining OWL DL or OWL Lite with a subset of the Rule Markup. 
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Secondly, it is strongly typed, which enforces strict information typing and validation. This helps to 

ensure the accuracy and reliability of the pre-processing procedures, reducing the risk of information 

duplication or inconsistencies.  

Eastman et al. (2009) and Preidel & Borrmann (2016) discussed the challenges of verifiability 

and correctness of rules. In most known approaches, software developers are responsible for 

the computational translation of rules. Thus, any modification to the implemented code can be only 

conducted by software experts, which can limit the whole checking process. 

Preidel & Borrmann (2016) discussed that the current challenge for the checking process is that most 

available tools are black-box [1] tools that usually use rule templates based on hard-coded rules and are 

inflexible. This inflexibility raises the need for a “white-box” workflow as a transparent approach to 

understand how the checking process is happening and the ability to customise the whole process. 

For instance, the system CORENET with the tool of e-PlanCheck is an example of such a black-box 

implementation. It is used in Singapore for checking the compliance of building digital models against 

the building codes, and the code is based on the FORNAX Library, developed by a private company. 

So, the checking processes are not visible. The e-PlanCheck system uses the IFC model and Express 

Data Manager TM (EDM) [2]. 

Solihin et al. (2017) stated that relying on the Raw IFC Raw data may lead to poor performance. 

Pauwels et al. (2011) discussed the limitations of using the IFC format in BIM systems in the AECO 

industry and proposed using semantic web technology, such as RDF graphs and ontologies, to overcome 

these limitations and enhance the functionality of BIM systems. A test case for acoustic performance to 

demonstrate the improvements of semantic web technology was presented and compared to traditional 

approaches. 

Also, the IFC model is used by SMC as the information source, mainly focusing on ‘design-spell-check’. 

However, SMC is restricted in its application to deal with a set of objects (Ding et al., 2006). 

Solihin et al. (2017) discussed the limitations of the current software applications. Except for SMC, 

Geometry and spatial relations are not covered. Currently, it is not applicable to check geometrical 

modelling requirements. Model View Definition (MVD) is limited only to check the existence 

of specific entities and/or attributes (Schwabe et al., 2019). 
 

[1] Blackbox: In science, computing, and engineering, a black box is a system that can be viewed in terms of its inputs and 

outputs (or transfer characteristics) without any knowledge of its internal workings. Its implementation is "opaque" (black). 

 [2] Express Data Manager (EDM): is a software integration platform that supports interoperability of models defined by 

IFCs. It provides object-based rule bases and is an ideal platform for encoding and linking building codes with building 

models. 
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2.2 Information Requirements 

Before undertaking a project, whether in the delivery or operational phase, it is imperative 

to contemplate the specification of information and physical assets. Information management ensures 

the appropriate delivery of information to its designated recipient, precisely when needed, to fulfil 

a particular objective. In this context, Information requirements encompass structured and unstructured 

information and define the inputs for the entire information management system (UK BIM Framework, 

2020). 

Information requirements can be likened to a skeletal framework, replete with various holes of varying 

shapes and sizes ecosystem (UK BIM Framework, 2020), as illustrated in Figure 6. These apertures 

distinctly articulate the precise demands for the necessary information to occupy them accurately. 

Consequently, information providers exchange information deliverables with the information receiver, 

who serves as the specifier, effectively filling these gaps in the framework. 

 

Figure 6: Information requirements skeleton 
 Resources: (UK BIM Framework, 2020) 

2.2.1 Information Requirements Principles and Definitions 

According to ([ISO 19650-1], 2018; [ISO 19650-2], 2018), Information requirements involve several 

resources, namely Organisational Information Requirements (OIR), Asset Information Requirements 

(AIR), and Project Information Requirements (PIR). These resources are the foundation for establishing 

appointment-level information requirements, commonly called exchange information requirements 

(EIR). Table 2 contains the definitions of previous terminologies and information model terminologies 

of the Asset Information Model (AIM) and Project Information Model (PIM). Figure 7 illustrates 

the different correlations between different types of information requirements and information models.  
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Table 2: Definitions of information requirements  
Resource: ([ISO 19650-1], 2018) 

 Abb. Description 

1 OIR “OIR explain the information needed to answer or inform high-level strategic 

objectives within the appointing party.” 

2 AIR “AIR set out managerial, commercial, and technical aspects of producing asset 

information. The managerial and commercial aspects should include the information 

standard and the production methods and procedures to be implemented by the 

delivery team.” 

3 PIR “PIR explains the information needed to answer or inform high-level strategic 

objectives within the appointing party in relation to built asset projects. PIR are 

identified from both the project management process and asset management process.” 

4 EIR “EIR set out managerial, commercial, and technical aspects of producing project 

information. The managerial and commercial aspects should include the information 

standard and the production methods and procedures to be implemented by the 

delivery team.” 

5 AIM “AIM supports the strategic and day-to-day asset management processes established 

by the appointing party. It can also provide information at the start of the project 

delivery process.” 

6 PIM “PIM supports the delivery of the project and contributes to support asset management 

activities. PIM should also be stored to provide a long-term archive of the project and 

for auditing purposes.” 
 

 

Figure 7: Hierarchy of information requirements 
Resource: Data derived from ([ISO 19650-1], 2018) 
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It is advisable to structure information requirements consistently whenever feasible to enhance 

comprehension during information delivery and facilitate the establishment of automated checking 

rules. Employing structured tools like databases and spreadsheets can be instrumental in achieving this 

goal. A suggested method involves creating a master set of information requirements using rationalised 

purposes and the “Level of Information Need” [1] framework. Subsequently, these requirements can 

be filtered based on specific use cases and appointments. This approach streamlines the creation 

of appointment-specific information requirements while simultaneously eliminating redundancy and 

preventing information gaps in the delivery process. 

2.2.2 Level of Information Need Framework  

The level of Information Need is a framework that determines the scope and detail of information to be 

exchanged. It includes geometrical information, alphanumerical information, and documentation, 

as explained in Table 3. A combination of these types of information can fulfil this Level of Information 

Need. However, there can be inconsistencies and overlaps, which can create problems within 

the information model. To address this, a clear hierarchy of information containers should 

be established. The Level of Information Need can be predefined to the whole company process 

or project specific depending on the BIM use. If certain aspects are not relevant, they can be marked 

as "not applicable or N/A".   

Also, the Level of Information Need specifies the required presence of geometrical, alphanumerical, 

and/or documentary information to meet specific purposes at information delivery milestones. 

Combining the Level of Information Need aspects is essential to meet all identified purposes.  

Table 3: Definition of Level of Information Need and its sub-divisions 
Resource: (BSI Standards Publication Building Information Modelling-Level of Information Need, 2020) 

Division  Sub-division Description 

Geometrical 
Information 

Detail An aspect of geometrical information describes the complexity 

of the object's geometry compared to the real-world object. This is 

a continuum ranging from simplified to detailed. Also, the Level 

of Development framework (LOD) can be used to define the level 

of Details needed. 

Dimensionality Several spatial dimensions characterise the object. Dimensionality 

can be zero-dimensional - 0D (location point), one-dimensional - 

1D (e.g., line, curve, path), two-dimensional - 2D (e.g., surface, 

face) or three-dimensional - 3D (e.g., body, volume). 

Location The position and orientation of an object. Location can be absolute, 

against a reference point, or relative, against another object. 

  

[1] “Level of Information Need” should not be abbreviated, as stated in section 6.5.1 of ISO19650 Concepts and Principles 

Guidance. 
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Continued: Table 3: Definition of Level of Information Need and its sub-division 

 Appearance The visual representation of an object. This is a continuum ranging 

from symbolic to realistic compared to the real world. More refined 

Appearance can contain more shading attributes (e.g., diffuse 

colouring, transparency, reflectance, emissivity) 

Parametric 

behaviour 

Whether or not the shape, position and orientation are created 

to remain dependent on other information associated with the 

object or the context into which the object is placed, allowing 

complete or partial reconfiguration. 

Alphanumerical 

Information 

Identification Used to position an object within a breakdown structure. (e.g., 

Name, type name, classification, codification, reference 

structuring, index, numbering, etc.) 

Information 

content 

All required properties: Properties can be grouped to facilitate 

the management of the alphanumerical information. 

Documentation Set of 

documents 

The documentation for an object or set of objects to support 

processes, decisions, approvals, and verification of information 

deliverables should be specified as a set of required documents. 

2.3 openBIM Standards 

In 1994, Autodesk initiated its endeavours by inviting a consortium of companies to collaborate 

on developing C++ classes that would facilitate integrated application development.  Originally known 

as the "Industry Alliance for Interoperability," it later transformed into the "International Alliance 

for Interoperability" in 1997 and ultimately underwent a name change to "buildingSMART" in 2005. 

Figure 4 demonstrates that buildingSMART standards encompass diverse process and information 

capabilities tailored to the built environment industry. The primary objective of buildingSMART 

is to create and uphold open international standards for BIM (openBIM). These standards are designed 

to enhance collaboration and interoperability within the industry. (buildingSMART, n.d.-a) 

 

Figure 8: openBIM structure 
Resource: (Laakso & Kiviniemi, 2012) 
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buildingSMART standards encompass a wide range of unique processes and information capabilities 

specific to the built environment industry. These include the Industry Foundation Classes (IFC), 

Information Delivery Manual (IDM), BIM Collaboration Format (BCF), and Information Delivery 

Specification (IDS). The standards facilitate interoperability and effective information exchange 

between software applications, define information requirements and deliverables, and provide structured 

formats for collaboration and issue resolution. 

 By promoting seamless information exchange, these standards enhance collaboration and efficiency 

in building projects. Below is a summary derived from the official website of buildingSMART 

International (buildingSMART, n.d.-a, n.d.-b, n.d.-c, n.d.-d). The research later uses the OpenBIM 

formats as a part of implemented workflows for Model-Checking. 

2.3.1  Industry Foundation Classes (IFC) 

IFC, short for "Industry Foundation Classes," is a standardised digital description of the built 

environment, encompassing structures like buildings and civil infrastructure. It adheres to an open, 

international standard (ISO 16739-1:2018), designed to be vendor-neutral and compatible with various 

hardware devices, software platforms, and interfaces for diverse applications. The specification 

of the IFC schema serves as the principal technical output of buildingSMART International, aligning 

with their objective of promoting openBIM®. 

IFC is a standard format for sharing information between parties involved in specific business 

transactions. For instance, an architect may share a model of a new facility design with an owner, who 

can then send the building model to a contractor to request a bid. Subsequently, the contractor may 

provide the owner with an as-built model, including detailed information about installed equipment and 

manufacturer specifications. Additionally, IFC can be utilised for archiving project information 

incrementally throughout the design, procurement, and construction phases or as a comprehensive 

collection of "as-built" data for long-term preservation and operational purposes. 

2.3.2 Information Delivery Manual (IDM) 

The built asset industry requires effective communication among various organisations to work 

efficiently. This becomes more critical when using digital tools, as these tools have limited tolerance 

for interpreting digital data. buildingSMART developed the ISO 29481-1:2010 standard, "Building 

information modelling – Information delivery manual – Part 1: Methodology and format." These 

standards capture and specify processes and information flow throughout a facility's lifecycle.  
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The methodology can be used to document existing or new processes and describe the associated 

information that needs to be exchanged between parties. It is important to note that software support 

is crucial for implementing an information delivery manual.  

The standard is accepted as an ISO standard, and efforts are underway to add more specific 

documentation of exchange scenarios and define stages in the communication process. While some IDM 

projects have led to successful specifications tested in real projects, challenges exist in areas lacking 

structured processes, necessitating the agreement on processes and exchange requirements. In such 

cases, IDM development must be followed by software development to achieve the expected results. 

Therefore, a clear strategy for implementing the IDM in software solutions is essential. 

2.3.3 BIM Collaboration Format (BCF) 

BIM Collaboration Format (BCF) is a communication format used in the built asset industry to facilitate 

collaboration and information exchange among BIM applications. It allows the sharing model-based 

issues using IFC models previously shared by project collaborators. BCF can be implemented through 

file exchange or a web service like a dedicated BCF server.  

The format transfers XML data containing contextualised information about issues, referencing views, 

coordinates, and BIM elements. Solibri, Tekla, and iabi developed BCF to leverage open communication 

technology for IFC-based workflows. It has become an openBIM standard by buildingSMART 

International. BCF offers benefits in the design, procurement, construction, and operations phases, 

enabling activities like quality assurance, design coordination, procurement coordination, installation 

tracking, and handover documentation. By utilising open standards and bypassing proprietary formats, 

BCF enhances communication and improves workflows in the BIM industry. 

2.3.4 Information Delivery Specification (IDS) 

An Information Delivery Specification (IDS) is a machine-readable document that outlines 

the requirements for exchanging model-based information. It specifies how objects, classifications, 

properties, values, and units should be delivered and exchanged. This includes using Industry 

Foundation Classes (IFC), Domain Extensions, and additional classifications and properties, which can 

be stored in the bSDD or elsewhere. The IDS is used to determine the Level of Information Need. 

It ensures validation of IFC for clients, modellers, and software tools, enabling automated analyses. 

The IDS is a core component that can be used as a contractual agreement to deliver accurate information. 

It allows for creating customised requirements based on specific projects and asset portfolios. The IDS 

provides a solution for reliable and predictable workflows when exchanging data. 
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Figure 9: buildingSMART IDS workflow 
Resource: (buildingSMART, n.d.-d) 
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3 METHODOLOGY  

This chapter describes how the research has been conducted, allowing to assess the research’s validity. 

The chapter explores the research approach and type, the methods used to collect data, the research 

constraints, and the tools used. 

3.1 Research Approach and Type 

In this research, the applied research approach is employed with a qualitative methodology to analyse 

different workflows derived from previous BMC case studies and projects in the AECO industry. 

The primary emphasis of this investigation is on identifying and checking the information requirements 

for different BIM uses during the project lifecycle. 

As described in Figure 10, The research involves applying the knowledge or frameworks of BMC 

to real-world scenarios. The research focuses on developing an automation process for BMC, with 

a particular implementation on an actual project. This project serves as a platform to assess and analyse 

the proposed workflows, ultimately aiming to delineate the limitations of each workflow. 

 

Figure 10: Research applied approach 

3.2 Data Collection Methods 

Using qualitative methods in this research facilitates in-depth understating of BMC implementation 

and realistic settings to develop optimised and automated BMC workflows. The methods that were used 

 in the research data collection were as follows: 

A- Direct observations: 

The research incorporates the principles and applications of BMC, OpenBIM Standards and Information 

requirements as expounded in the extant literature review, Pg.5. 
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B- Documents and records: 

A substantial portion of information utilised in this research is derived from international BIM standards, 

including ISO 19650-1:2018, ISO 19650-2:2018, and BS EN 17412‑1:2020, along with documentation 

from buildingSMART and other BIM software resources.  

C- Case Study: 

In collaboration with Protim Ržišnik, this research comprehensively analyses the entire spectrum of case 

study data, encompassing the BIM model, extant quality control protocols, naming conventions, 

and company standards. Alongside project documentation, a set of monthly meetings during the whole 

research project were conducted with the company BIM Group manager to align the defined information 

requirements of the project with the company and to discuss and develop the case study implementation 

process. 

3.3 Used Software/ Tools  

As one of the research goals, a set of different software/Tools was used and explored to implement 

the BMC proposed workflows and determine the limitations of each software/tool. As indicated in Table 

4, a set of software/tools was used. 

Table 4: Software/Tools used in the research 

Software/Tool Use 
Autodesk Revit  Employed as BIM modelling environment 

Dynamo   VPL tool to implement the automated part of information 

modifications  

Revit Lookup Add-in Used to analyse Revit elements Information 

Autodesk Interoperability Tools Utilised to implement the core process of BMC – Workflow A 

Diroots Add-In for information enrichment and editing  

Solibri Model Checker (SMC) Used to implement the core process of BMC – Workflow B 

Bexel Manager Used to implement the core process of BMC – Workflow B 

BIM Vision Used as an IFC viewer  

Blender  Used to implement part of BMC Process – Workflow C 

usBIM.IDS Editor Used to implement part of BMC Process – Workflow C 

usBIM.IDS Validator Used to implement part of BMC Process – Workflow C 
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4 BMC WORKFLOWS AND SCENARIOS  

This chapter covers the comprehensive application of BMC throughout a project's lifecycle. First, 

it focuses on exploring various BIM uses, aiming to analyse the information exchange flow for each 

use. Consequently, The BMC traditional process is adapted, proposing three distinct BMC workflows. 

Before practically showcasing the implementation of proposed workflows, A set of typical scenarios 

of Information requirements checking is defined, shedding light on the practical utilisation of BMC 

within authentic, real-world settings, thus providing valuable insights into its tangible benefits 

and applications. Moreover, within the context of this chapter, one of these scenarios is dissected and 

applied through the proposed workflows, explaining the application of each workflow. 

4.1 Investigated BIM Uses 

BMC finds extensive applications across the AECO industry involving the methodical assessment and 

validation of BIM models to ensure accuracy, consistency, and compliance with design criteria, codes, 

regulations, and project requirements. Some key BIM uses include clash detection, code compliance, 

quantity take-off, cost estimation, scheduling, risk assessment, quality control, energy analysis 

and sustainability, legal and regulatory compliance, and design validation. The research investigates 

highlighted BIM uses, as presented in Table 5, to scrutinise the information requirements that could 

be inferred from each specific use/ application. 

Table 5: Investigated BIM uses  
Resource: Definitions were extracted from (Succar, 2019) 

Code Model use BIM Dictionary Definition 

4040 Clash Detection “A Model Use representing the use of 3D Models to coordinate 

different disciplines (e.g., structural and mechanical) and to 

identify/resolve possible clashes between virtual elements prior 

to actual construction or fabrication.” 

4050 Code Checking & 

Validation 

 

“A Model Use representing the process of inspecting a file, 

document, or BIM model for compliance against predefined 

specifications or established design, performance, or safety 

codes. Also, refer to Model Validation.” 

4070 Cost Estimation “A Model Use representing how 3D models are used to generate 

feasibility studies and compare different budgetary options.” 

4130 Quantity Take-off “A Model Use representing how 3D models are used to 

calculate the quantity of Furniture, Fixtures and Equipment or 

building materials for the purpose of generating Cost 

Estimates.” 



23 Omar, M. 2023. Automated BIM-based Model Checking Workflows with Exchange Information Requirements. 
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Programme Building Information Modelling, BIM A+. 

 

   
 

4.1.1 BIM-based Code Validation 

Ensuring the BIM models adhere to relevant building codes, regulations, and standards. Jovanovic et al. 

(2022) explained the complexity of the Building Code Compliance Checking and its consumption to the 

time. Any errors found during construction will significantly affect the cost and time. 

So, the imperative to delineate precise information requirements becomes evident within the code 

validation process. Any shortfall in information integrity results in a compromised code validation 

process. For example, focusing on fire regulations, Ismail et al. (2023) identified three types of clauses 

in fire safety regulations: declarative clauses, informative clauses, and remaining clauses. Declarative 

clauses provide specific requirements or instructions, while informative clauses contain ambiguous 

terminology or provide design options. The remaining clauses include explanations of terminology 

or general provisions (Ismail et al., 2023).  

As illustrated in Figure 11, a rule is used from the Slovenian minimum technical requirements for the 

construction of residential buildings and apartments (Website of the Legal Information System of 

Slovenia, n.d.). The Rule states: “Article 13 (room width): Rooms intended for living and sleeping are 

not narrower than 1.90 meters and, in the case of lighting only on the shorter side, not narrower than 

half of their length.”  

  In this case, the information requirements that shall be needed in the model include the alphanumerical 

information of room number and room name, while the rule validation will be through accessing the 

geometry of the walls representing the boundary room, using the available VPL inside the repository or 

externally using a checking software. Exporting the same model to IFC, the checking process can be 

implemented using different software and tools that will be explained in the following section. 

 

Figure 11: Code validation – Basic rule validation 
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4.1.2 BIM-based Quantity Take-off (QTO) Exploration 

BIM-based Quantity Take-off (QTO) methods present an advancement over conventional methods 

reliant upon manual quantification from 2D drawings. These BIM-based methods and techniques 

introduce automation into the quantification process, enhancing its reliability and accuracy (Liu et al., 

2022). 

In this sub-section, a simplified staircase was modelled to explore the BIM-based quantities calculation 

methods. The same geometrical were exported to IFC and expected to have the exact base quantities. 

A review of used software was made to compare the quantities. During the lifecycle of the project, a set 

of quantities are needed. Following the Royal Institute of British Architects (RIBA) work plan, a set of 

quantities for the stair element are selected, as described in Table 6. 

Table 6: Selected quantities for stair element 

Phase Required Quantity Value Type Notes 
Strategic Definition - -  

Preparation Brief - -  

Conceptual Phase 
Count of Landings Integer  

Count of flights Integer  

Design Development 
Stair Gross Volume Double  

Stair Net Volume Double  

Technical Design 

Number of Risers Integer  

Number of Treads Integer  

Riser Height Double  

Tread Length Double  

Construction 

Landing Thickness Double  

Landing Area Double  

Landing Volume Double  

Stair Flight Net Volume Double Used to quantify the materials 
needed 

Outer Surface Area Double Used to quantify the formwork 
needed 

Handover and 
closing - -  

In use - -  

Reviewing other needed quantities, it is concluded that some required quantities can be derived from 

IfcStairflight, IfcSlab and IfcRailing and IfcStair Entities. Needed Information can 

be abstracted from Propertysets of Pset_StairCommon, Pset_StairflightCommon, 

Qto_StairflightBaseQuantities and Qto_SlabBaseQuantities, as shown in Figure 

12. However, Some Quantities could be derived from the geometrical model and calculated. Some 

software, such as SMC and Bexel Manager, recalculate the quantities based on the geometrical model. 

However, by comparing the quantities, some differences were reported.  
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For instance, SMC calculated a volume of 3.05 m3, while Bexel Manager calculated a volume of 2.918 

m3, as shown in Figure 13. SMC calculates the total volume, including the railing Volume, while Bexel 

Manager calculates the volumes for the stair and the railing Separately. Also, the surface area was 

calculated by Bexel Manager, while only the Bottom Area was calculated by SMC. 

 

Figure 12: Stair element quantities  

 

Figure 13: Comparison of stair calculated quantities in SMC & Bexel Manager 
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Another example is the architectural curtain wall quantification of curtain wall as demonstrated 

in Table 7. a set of properties was defined as follows: 

Table 7: Selected quantities for the curtain system 

Phase Required Quantity Value Type Notes 
Strategic Definition - -  

Preparation Brief - -  

Conceptual Phase Curtain Wall Area  Double  

Design Development 
Count of Glass Panels Double  

Glass Panel Area Double  

Technical Design Mullions Surface Area Integer  

Construction 
Mullions Cross Section 
Area Double  

Mullions Length  Double  

Handover and 
closing - -  

In use - -  
 
As mentioned, some basic quantities can be derived for the Qto Pset, as shown in Figure 14. For the 

calculated quantities from the geometrical model, each software creates its own calculated quantities for 

the overall Curtain Wall with an Area of 32.40m2. In contrast, Bexel Manager calculated the Surface 

Area for each Panel with a total Surface Area of 63.187 m2 and Mullions with a total Surface Area 

of 13.251 m2. Other Calculated quantities can be derived as shown in Figure 15. 

 

Figure 14: Curtain system quantities 
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Figure 15: Comparison of curtain system calculated quantities in SMC & Bexel Manager 

4.1.3 BIM-based Cost Estimation Exploration 

The cost estimation process for each activity within a project's Work Breakdown Structure (WBS) 

is contingent upon aggregating required materials and other required resources such as labour and 

equipment. Therefore, the cost estimation process generally consists of three parts: (1) building materials 

classification; (2) Measurement of the amount of materials, labour, and equipment involved 

in completing the project; and (3) Calculating the total project cost (Fazeli et al., 2021; Jadid & Idrees, 

2007; Ma et al., 2013).  

Nevertheless, the process of BIM-based cost estimation might not be more straightforward, primarily 

due to the complex relationships between BIM Model Elements and How they are represented in the 

Bill of Quantities (BOQ).  
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These relationships can manifest in various ways, such as One-to-One, One-to-Many, or Many-to-One, 

as illustrated in Figure 16, depending on specific modelling criteria and project cost estimation 

requirements. To acquire a deeper comprehension of this matter, illustrative examples may be simulated, 

as demonstrated in the following examples: 

Example 1: The brick wall and finishing wall can be modelled separately, each representing 

an individual BOQ Time (One-to-One). If both walls are modelled as a compound Wall, the Model 

Element encompasses more than one BOQ Item (One-to-Many). 

Example 2: Certain projects employ the Lump Sum approach for Cost Estimation. Under this method, 

groups of model elements are consolidated into a single BOQ Item, streamlining the estimation process 

(Many-to-One).  

Example 3: There are different practices in estimating the cost of a curtain wall in various projects. 

In some cases, the curtain wall is treated as a unified Element comprising Doors, Windows, Glazed 

Panels, and Mullions. Conversely, in other instances, individual Sub-Elements are used as separate BOQ 

Items, obviating the need to quantify the Curtain Wall System as a whole. 

Indeed, each project's varying complexities and unique characteristics necessitate adapting information 

requirements to meet specific project needs.  

 

Figure 16: Relation between BIM model elements and BOQ items 
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4.1.4 BIM-based Clash Detection 

According to ([UNI 11337-5], 2017), Clash Detection is defined as: “An analysis of the possible 

interferences between objects, models and outputs with respect to others”.  The clash detection process 

begins with model preparation, where BIM models representing architectural, structural, mechanical, 

electrical, and plumbing elements are created or obtained. Then, a clash matrix, a strategic tool used 

in clash detection processes to systematically track and manage clashes, shall be defined.  

The clash matrix defines the coordination levels and the clash tests that shall be conducted. For example, 

level one of coordination checks the architectural elements' clashes with each other, while level two of 

coordination defines clashes between architectural elements and structural elements. Clashes can be 

classified into three main hard clashes, soft clashes, and workflow clashes, as described in Table 8. 

Clash detection software then defines rules and criteria for potential conflicts. The software rigorously 

scans the models, flagging clashes where elements intersect or occupy the same space. Generated clash 

reports provide detailed information about clash locations and involved elements. Project teams 

prioritise and resolve clashes using these reports, often necessitating design adjustments or element 

repositioning. 

Table 8: Type of clashes 

Clash type Description Example 

Hard Clashes Hard Clashes are serious physical conflicts 

between building components or systems in the 

BIM model. They can lead to construction 

problems, delays, or rework, such as ductwork 

blocking structural beams or plumbing pipes 

conflicting with electrical conduits. 

Structural Beam vs. Curtain Wall 

 
Soft Clashes Soft Clashes are minor design or coordination 

issues that do not result in physical conflicts but 

require attention. They include design overlaps, 

minor adjustments, or aesthetic conflicts. 

Cable trays are slightly 

overlapping. 

 
Workflow Clashes Workflow clashes are related to project processes 

and coordination. They do not involve physical 

conflicts but can impact project efficiency and 

collaboration. 

An HVAC maintenance schedule 

does not align with the scheduled 

delivery of spare parts. 
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Numerous software applications are employed for clash detection, each offering distinct functionalities. 

For instance, Autodesk Revit can perform clash detection, but it primarily focuses on identifying hard 

clashes. Users have limited flexibility to specify different clash types. Custom selections are 

unsupported, and clash tests can only be categorised broadly, such as wall versus column clashes. 

Additionally, Autodesk Revit cannot fine-tune tolerances, resulting in excessive soft clashes that may 

not be relevant. 

 In contrast, other dedicated clash detection software options, such as Autodesk Navisworks, BIMcollab, 

Bexel Manager, and SMC, provide a broader range of functionalities. These include advanced selection 

sets, customisable tolerances, and extensive filtration options." 

4.2  BMC Proposed Workflows 

The BMC process is adapted to extend beyond the conventional approach (Explained in Figure 5, 

Pg. 10) by integrating automated solutions for selected issues to mitigate the occurrence of 

commonplace errors inherent during the modelling and information enrichment processes, as illustrated 

in Figure 17. These solutions will be implemented in Automated and semi-automated codes that fix 

information inconsistency, add missing information, and report some metadata of the elements reported 

for taking the proper action. 

As an Input to start the BMC process, A set of textual rules is defined and then transformed into 

computable rules using the RASE model-checking method. Also, the Level of Information Need is 

another input for the first stage of rule Interpretation, where all rules and information requirements will 

be translated into computable languages following the subsequent stages of the process. 

Three distinct BMC workflows are proposed for the execution of the checking process. The proposed 

BMC workflows aim to optimise the checking process by integrating automated solutions and 

addressing common errors encountered during modelling and information enrichment. These workflows 

are based of the Adapted BMC process. 

 

Figure 17: Adapted BMC process  
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4.2.1 Workflow A - Inside Repository Environment 

This workflow aims to perform the entire process of BMC within a designated repository environment. 

The model preparation and information enrichment processes are taking place inside the repository, 

establishing an integrated framework for executing the entire process, contingent upon the repository's 

incorporation of selected BMC functionalities. This workflow significantly expedites direct results 

mapping, enabling efficient manipulation and editing without necessitating recurrent model exchanges 

for each checking iteration. 

The research employs Autodesk Revit as a modelling environment, augmented by including Autodesk 

Interoperability Tools to optimise model checking procedures. Furthermore, Dynamo is used to 

automate some common errors that might be resulted during the modelling or information enrichment 

processes. Additionally, it might be necessary to use VPL, such as Dynamo or a programming language, 

such as Python, for specific rules interpretation and execution to access the API Revit parameters. 

 

 

Figure 18: Workflow A - Inside the repository environment 
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4.2.2 Workflow B - Standalone Software 

This workflow utilises dedicated standalone software tailored for BMC implementation or, alternatively, 

employs supporting tools, plugins, or add-ins specifically designed to complement BMC procedures. 

The initial phases of model preparation and information enrichment are seamlessly executed within the 

primary repository environment, with subsequent exportation to exchange formats such as IFC. 

Following this transfer, the subsequent stages of the process are seamlessly conducted within the 

designated software until the desired results are generated. Furthermore, the efficient exchange 

of identified issues is facilitated through the utilisation of BCFs, ensuring seamless integration of issue 

management with the main repository's workflow. Additionally, Excel or HTML reports can be 

generated for reporting issues. 

Common software is employed for BMC, such as SMC, which has pre-defined and customisable rules. 

Furthermore, software applications such as Navisworks, Solibri, Tekla BIMsight, BIMcollab, and Bexel 

Manager similarly allocate specific utilities aimed to facilitate the BMC procedure. 

 

Figure 19: Workflow B - Standalone software 
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4.2.3 Workflow C - openBIM  

In contrast to the previous workflow that incorporated openBIM formats such as IFC and BCF 

selectively, this workflow aims to utilise openBIM throughout the entire spectrum of BMC. 

This methodology commences its application right from the initial phase of rule interpretation, 

facilitated by using IDS. The incorporation of IFC and BCF formats remains integral for the seamless 

exchange of information with the main repository. 

Significantly, this approach deviates from the necessity to rely solely on proprietary software solutions. 

This deviation is enabled by IDS, which is structured in XML format, allowing for its independent 

creation and customisation. The execution of rules can be accomplished through any software or tool 

that supports IDS, thus encapsulating a versatile and adaptable framework for rule execution. 

 

 

Figure 20: Workflow C - openBIM 
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4.3 BMC Scenarios   

During the project's life cycle, each element in the BIM Model must be geometrically represented in 

a particular representation and contain specific properties with certain values according to the 

information requirements for each phase. Throughout the analysis of most common practices, a set 

of scenarios is created to analyse the information requirements as input for the whole BMC process. 

Some scenarios are focused on the alphanumerical information requirements with an exploration 

of possible scenarios of geometrical information requirements. 

4.3.1 Scenario 1 – Property Existence and Value 

This scenario, as illustrated in Figure 21, involves a series of checks to validate properties based on 

specified information requirements. Firstly, the existence of each property is verified. Subsequently, 

each property is checked to ensure it is in the correct property set. Each property's data type is assessed, 

including categorising properties as String, Integer, Double, or Boolean. Each property is checked 

to validate if it has value or not. Additionally, Prefixes, Subfixes and regular expressions are employed 

to ensure the correctness of property values (a detailed explanation of the regular expressions 

implementation is provided in the case Study Chapter, Pg. 49).  

It should be noted that calculated values derived from geometry may deviate from this rule, necessitating 

the application of additional geometric checks. For example, the Area property can be checked to ensure 

it contains a value, but further scrutiny is required to ascertain the accuracy of that value. 

 

Figure 21: BMC Scenario 1 -Property check 

4.3.2 Scenario 2 – Duplicated Property 

As illustrated in Figure 22, each property is examined in this scenario to determine whether it exhibits 

duplication. The checking process concludes if no duplication is detected. However, if duplication is 

identified, a subsequent sub-check is conducted to group the duplicated properties based on their values. 
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If the duplicated property shares both the same value and property set, it is considered an error, and one 

of the properties is removed. On the other hand, if the duplicated property exhibits different values, it is 

logged in the check results, prompting the need for corrective action to modify the name of one of 

the duplicated properties. 

 

Figure 22: BMC Scenario 2 – Duplicated property check 

4.3.3 Scenario 3 - Duplicated Element 

In this scenario, as illustrated in Figure 23, the primary objective is to conduct a comprehensive 

assessment to identify and report any instances of duplicated elements. Furthermore, consideration 

is given to automating the process by implementing mechanisms to delete duplicated elements, 

particularly when they exhibit identical geometric and non-geometric attributes. However, careful 

examination is necessary to ensure the element's retention with the requisite properties while eliminating 

its duplicated counterpart. 

 

Figure 23: BMC Scenario 3 – Duplicated element geometrically 
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4.4 Applying Scenarios within Workflow Frameworks 

To explain the checking process, this section applies scenario 1 on a simplified model for procedural 

examination. The objective is to use this scenario for specific properties and describe how each step can 

be implemented within the corresponding workflow, ensuring alignment with established practices and 

methodologies. 

A simplified model, as shown in Figure 24, focuses on structural Column category and NBS BIM Object 

Standard implementation. Later in the thesis case study, the same application methodology is used for 

all categories, with other references needed. It is observed that each element has a unique GUID, and 

each property and property set have unique GUIDs. Understanding how the information is structured, 

using Revit Lookup Add-in in the modelling environment, facilitates the process of checking rules 

computable translation and the automation process for solving the issues. 

\  

Figure 24: Simplified element with selected properties 

 

Figure 25: Revit Lookup Addin- Exploration of Unicalss2015code (Type Parameter) 
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4.4.1 Scenario 1 Application – Workflow A 

First, the check is implemented inside the Autodesk Revit repository using the Autodesk Interoperability 

tool. In this Check, A list of properties is checked for the structural columns category to check the 

properties' existence, as shown in Figure 26. The check set of Autodesk Interoperability tools is XML 

format, which can be edited in Autodesk Model Checking Configurator for Revit or Edited as an XML 

in any XML editors or word processing and spreadsheet programs, as shown in Figure 27. 

 

Figure 26: Autodesk Interoperability Tools - Check exitance of property 

 

Figure 27: Autodesk Interoperability Tools – Editing checks in XML 

Using the Check Set Created, Model Check Run would be used for the rule execution. First, the check 

gave an overview of the percentage, as illustrated in Figure 28. Then, A detailed report containing the 

Element ID for each Check, as shown in Figure 29,  is generated and shows whether it passes or fails 

the check. 
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Figure 28: Autodesk Interoperability Tools - Check summary 

 

Figure 29: Autodesk Interoperability Tools - Check results 

There is the possibility to select the element directly inside the repository environment and solve the 

issue. Also, this Report can be exported to HTML or Excel format, which can be used in the automation 

process of solving the issues. Other Check examples that can be done inside the Autodesk Model checker 

configurator are checking the property to have value/ no value and checking the property value using 

regular expression, as shown in  Figure 30 and Figure 31. 
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Figure 30: Autodesk Interoperability Tools - Check if the property has value/ no value 

 

Figure 31: Autodesk Interoperability Tools - Check if the Property has a wrong value 

4.4.2 Scenario 1 Application – Workflow B 

To implement the model preparation stage, it is necessary to export the model to IFC format. In this 

case, the model is exported to IFC 4 format with a pre-defined User-Defined Property Set to map the 

needed properties correctly in line with NBS, as shown in Figure 32. 

 In this Workflow, SMC can be an option to implement the rule interpretation and rule execution stages. 

SMC Rules Libraries are used to translate the rules into a computable language. Each rule has a Name 

and SMC support tag, which can be used as a reference for classifying rules.  In this scenario, the Rule 

of Required Property Sets with Tag SOL/203/2.5 and Property Values Must Be from Agreed List with 

Tag SOL/9/3.1.  
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As Shown in Figure 33, the checked components are selected, and the property set with the properties 

are defined. It is feasible to define the data type and add other conditions. As a result of the Check, 

A set of issues were classified and assigned with Element ID. It is possible to check whether the Property 

does not exist or is an issue in the value within the same rule as Shown in Figure 34. The final stage 

is to group the problems, create issues and exchange them to the main repository, using BCFs as shown 

in Figure 35. 

 

Figure 32: IFC Export setting - Pre-defined User Defined 

 

Figure 33: SMC – Rules execution 
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Figure 34: SMC - Check results 

 

Figure 35: SMC - Issue creation using BCFs 
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Figure 36: SMC - Collaboration using BCFs 

Another Possible Software that can be used is Bexel Manager. Bexel Manager is a BIM-based software 

mainly used in the construction phase with powerful 4D and 5D simulation features. In this case, some 

checks can be implemented inside Bexel Manager using Property Checker Add-In. Bexel Manager has 

Excel Templates. Then, the following step is importing the Excel file, defining the current phase, and 

evaluating, as shown in Figure 37. It is possible to create an automatic selection set for each group 

of checks, as shown in Figure 38. 

 
Figure 37: Bexel Manager – Property Checker Excel template 

 
Figure 38: Bexel Manager – Property Checker and issues creation 
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4.4.3 Scenario 1 Application – Workflow C 

In this part, the rule interpretation stage is conducted, translating rules into IDS format. An IDS sample 

of buildingSMART is used as a reference with IDS Documentation. First, Info was defined for the title, 

copyright, version, description, author, date, and Purpose, as shown in Figure 39.  Consequently, the 

specification, applicability and requirements would be defined. In this scenario, the IFC version was 

IFC 4. In the applicability, IfcColumn was defined as the entity name. All rules can be interpreted using 

IDS Schema in the requirements, as shown in Figure 40. Also, regex can be implemented to check the 

convention naming. 

IDS format can be complied with IFC files using many software such as BIMCollab and Blender. 

In this application, BIM Blender is used, and the result can be exported as an HTML, as 

shown in Figure 41. 

 

Figure 39: IDS - Info 

 

Figure 40: IDS – Applicability 
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Figure 41: IDS – HTML results 
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5 CASE STUDY 

This chapter undertakes the practical implementation of BMC workflows and scenarios to gain 

substantial insights into the challenges and solutions that arise during the BMC process. The predefined 

workflows are executed on a project undertaken by Protim Ržišnik Perc company (Thesis Partner). This 

process also involves defining information requirements tailored for the particular BIM use of QTO and 

cost estimation as input for the BMC process. 

5.1 Project Description 

The client intends to construct an administration building for its own needs on the parcel of land near 

the current production facility. The final solution must ensure functionality and represent the overall 

architectural image of the company. It must include internal and external landscaping, all in keeping 

with the existing layout of the area. It will be predominantly office space with an accompanying 

Programme of business activities. The client wants to manage the facility using a BIM model. As follows 

the indicative areas of the building: 

- Total area of the building plot: 5,220 m2 

- Gross floor area: 4,672 m2 

- Elevation: assumed 1+2 

- Employees: approx. 105 seats 

 

Figure 42: Case study project BIM model – 3D View 



Omar, M. 2023. Automated BIM-based Model Checking Workflows with Exchange Information Requirements. 46 
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Programme Building Information Modelling, BIM A+. 

 

   
 

5.2 Project Phases 

The project has five main phases, as explained in Table 9. The checking process occurs in the detailed 

design phase (PZI phase). It is possible to use the same process for all phases. Nevertheless, each phase 

will have a customised Level of Information Need. 

Table 9: Project phases 

Phase (In Slovenian Language) Description 

Idejna Zasnova (IDZ)  Conceptual Design 

Idejni Projekt (IDP) Preliminary Design 

Projekt Za Pridobitev Gradbenega Dovoljenja (PGD) Design For Construction Permit 

Projekt Za Izvedbo (PZI) Detailed Design  

Projekt Izvedenih Del (PID) As-Build Design 

5.3 Model Composition 

In architectural and structural design processes, it is customary to manage architecture and structural 

models separately, usually in distinct files. However, there might be flexibility in combining both 

aspects into a single file, depending on some specific project requirements and the modelling standards 

of the company. In the case study, the architectural and structural models were modelled into a unified 

file. This approach allows for enhanced collaboration and streamlines project management during the 

design phase. 

Revit Worksets were utilised to ensure efficient organisation and control over the project. Worksets 

divide the project into logical sections, enabling multiple team members to work simultaneously on 

different components. Access to specific sections of Structural, Architectural, and plumbing can be 

controlled, as shown in Figure 43. 

 

Figure 43: Case Study current worksets  



47 Omar, M. 2023. Automated BIM-based Model Checking Workflows with Exchange Information Requirements. 
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Programme Building Information Modelling, BIM A+. 

 

   
 

5.4 Level of Information Need for QTO and Cost Estimation Purpose 

A project-specific approach is essential in the context of QTO and Cost estimation. This necessity arises 

due to the variability in project types, where some are lump-sum contracts, and others are measurable 

contracts. Additionally, the information requirements for each element may differ based on the unit of 

measurement used in the project. 

As a result, developing a customised Level of Information Need is crucial to establish the specific 

information requirements for each unique project, considering the sub-divisions mentioned earlier. In 

this part, a comprehensive and detailed Level of Information Need is defined and tailored to meet the 

particular demands of the project at hand. These information requirements form the rules’ interpretation 

process inputs, serving as the initial step to start the BMC process. 

Based on the data presented in Table 3, Pg.15, a structured template has been devised and is illustrated 

in Table 10. This template aims to facilitate a systematic and uniform method for gathering the essential 

information related to the elements within the case study, ensuring consistency throughout the project. 

The focus is the information related to BIM uses of QTO and Cost estimation.  The practical 

implementation of the Level of Information Need framework on the case Study Elements is provided in 

Appendix A, Pg.93, for reference. 

Table 10: Project Level of Information Need framework template 

 Project: Project Number (V158770) 

 Purpose: QTO & Cost Estimation 

 Actor: Lead Appointed Party- Design Consultant 

No. Element Name (Header) 

G
en

er
al

 
In

fo
rm

at
io

n 

Model Element Element Name 

Category Revit Category (Walls, Doors, Windows, …) 

Information delivery 
milestone 

Project Phase: (IDZ) Conceptual Design, (IDP) Preliminary Design, (PGD) Design For 
Construction Permit, (PZI) Detailed Design, (PID) As-Build Design 

Family Type System Family, Loadable Family, In-Place Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A (if needed: 100, 200,300, 350, 400) 

Dimensionality 0D,1D,2D,3D 

Location Absolute, Relative 

Appearance No colour, Single colour, Material colour, Material colour and textures 

Parametric behaviour N/A (if needed: Explicit geometry, Constructive geometry, Parametric geometry) 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name and/ Or Type Name 

Information content Property Set Property  Requirement / Value 

Structural  Structural  Boolean (Yes/no) 
Structural  Structural Usage (Bearing, Shear, NoBearing) 

Identity Data Type Mark Defined as Project Need 
Identity Data Mark Defined as Project Need 
Identity Data Workset Refer to the company worksets manual 
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Dimension Material  Defined/ Naming Convention (one of Company 
material list 

Dimension Volume Defined/ Unit 
Dimension Area Defined/ Unit 
Dimension Length Defined/ Unit 

WBS WBSCode   
Documentation Set of 

documents 
N/A 

5.4.1 Elements General Information 

Within this domain, each Element is delineated by fundamental details, including its associated Revit 

category employed for element modelling the family type to which it belongs, whether System family, 

Loadable family, or In-place model. Generally, In-place model families are not the preferred option in 

most cases. Additionally, the information delivery milestone, denoting the project phase, is established 

in alignment with the company's designated project stages. 

5.4.2 Elements Geometrical Representation 

In the context of QTO and Cost estimation, the emphasis on Geometrical representation lies in the 

attributes of Dimensionality and location. To illustrate, the Dimensionality requirement for a railing can 

be either 1D, 2D, or 3D contingent upon the mode of measurement employed - whether it pertains to 

the entire length of the railing or entails computations of sub-components such as Area of Glass and 

Length of Aluminium Profiles and their thicknesses. In the context of the case study, the element is 

measured solely by its overall length, resulting in a dimensionality of 1D for this application. 

Consequently, it is essential to acknowledge that in different projects, the dimensionality requirement 

may vary and can be subject to change based on specific measurement methods and project 

requirements. 

Moreover, the aspect of Location assumes paramount significance, as it facilitates a profound 

understanding of whether the element in question is hosted or part of other elements, thereby establishing 

a clear nexus between the element and its environment. While various other geometrical attributes may 

exist, their relevance to these uses may not be needed. 

5.4.3 Elements Alphanumerical Information 

Family name and/or Type name are employed as identifiers for Elements. In addition, a set of properties 

must be defined and have correct values. Each element shall have essential information concerning its 

Type, Type Mark, Workset, Material, and calculated quantity (Count, Volume, Area, etc.). Furthermore, 

their structural usage shall be clearly defined for certain elements such as walls, columns, floors, and 

stairs. A unique Mark for each instance may also be required for elements like doors and windows. The 

precise information on each component can be found in Appendix B on Page 105. 
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5.4.4 Documentations 

Previous examples of other projects’ Bills of Quantities and Materials could be used as a reference. 

Nevertheless, there is no compulsory need for specific documents for these uses in this project phase. 

5.4.5 Regular Expression (regex) Definition 

Regular Expression (regex) is a pattern that the regular expression engine attempts to match in the input 

text. It allows text identification using a pattern instead of an exact string. The pattern consists of one or 

more-character literals, operators, or constructs that are commonly used for parsing text with general-

purpose languages, validating content in web forms using Javascript, and searching text files for specific 

patterns (Chapman & Stolee, 2016; Regular Expression Language - Quick Reference, n.d.). 

In the domain of BIM, regular expressions are often employed to enforce naming conventions for BIM 

models. For example, a BIM project might require all rooms to be named using a specific format, such 

as "Floor-RoomNumber," where "Floor" is a numerical value and "RoomNumber" is an alphanumeric 

identifier. A regular expression can be designed to check each room's name against this pattern, ensuring 

compliance with the required naming convention. Any deviation from the standard can trigger an alert 

or error message, guiding users to correct the naming and maintain uniformity throughout the project. 

In the case study project, a set of regexes was developed to implement the company naming convention 

criteria for Model Elements, Materials and other related properties needed. The whole regex translation 

can be found in Appendix C, Pg.107. Below are some examples of regex implementation to check the 

naming conventions of BIM elements Identifiers (Family Name and/or type Name) that will be used 

later to check processes of identifiers names, 

regex Implementation- Example 1: 

The ceiling Element is a system family. Referring to the Level of Information Need framework 

(Appendix A, Pg. 93) of the ceiling, the identifier used is the Type Name. As Shown in Figure 44, the 

Type name consists of 5 main parts, which can regex translated as follows: 

1- Origin-Discipline: String prefix (RP-AR) 

2- Elements Origin: list of sub-types using ( ) as a boundary for a list, | as a separator.  

3- Material: list of materials. 

4- Differentiator (optional): While it is the same concept of creating a list, a quantifier was used to 

make it implemented as optional (??: known as “Lazy quantifier” in the regular expression, and 

it is used to repeat one of the list zero or one time) 

5- Thickness: Range of number from 0 – 9 using star sign *, which repeats the number unlimited 

times. A suffix of mm was added to make sure the unit is correct. 
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Figure 44: regex implementation/Ceiling identifier 

regex Implementation- Example 2: 

Doors are loadable families with two identifiers: Family Name and type Name. For Family Name, the 

regex implementation, as shown in Figure 45, can be explained as follows: 

1- Origin-Discipline: Prefix String (RP-AR) represents the company name and architecture 

discipline. 

2- Elements Origin: list of sub-types using abbreviations in the naming convention. For instance, 

SGL stands for Single door. 

3- Differentiator(optional): an optional list using the lazy quantifier ?? 

4- Frame Type(optional): an optional list using the lazy quantifier ?? 

5- Leaf Type(optional): an optional list using the lazy quantifier ?? 

6- Addition description(optional): an optional list using the lazy quantifier ?? 

7- File Type / Revit Version (optional): It consists of two parts; String (M3-) represents the model 

file type, which is 3D. The second part describes the Revit version, which can be Revit 20- 25. 

This can be translated by putting the prefix of R2, and this integer ranges from 0-5. 

The Type Name identifier uses the same concept except for regex part 3 of the Type name. A range 

of Characters and numbers were added to give the freedom to put a unique identifier when needed. 
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Figure 45: regex implementation/ Doors identifiers 
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regex Implementation- Example 3: 

The structural foundation category encompasses both system family and loadable family elements. 

Three identifiers were devised to effectively manage both types of families: one for the family name of 

the loadable Family category and two identifiers for both loadable and system families, as illustrated in 

Figure 39. The approach follows principles similar to the previous examples, albeit with additional 

constraints. Notably, the material options were restricted to Reinforced concrete, which rendered the 

need for a list of materials unnecessary. Instead, an "RC-" string prefix was introduced to indicate the 

material used for the foundation elements. Additionally, the dimensions of the foundation could be either 

one thickness or represented in 3D dimensions. Therefore, a list of the two options was created to 

accommodate this variability. 

 

Figure 46: regex implementation/ Structural Foundation identifiers 
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5.5 BIM Model Rules and Metrics   

BIM Model Rules is the initial step before the implementation of BMC processes. This involves 

meticulously examining a predefined set of quality rules, encompassing geometrical and Alphanumeric 

information requirements, to assess the BIM model's adherence to company standards. The aim is to 

ensure the model's accuracy and compliance with project-specific needs before its utilisation in various 

BIM uses such as Clash Detection, 2D Documentation, QTO, and Cost Estimation. As such, Rules are 

not limited to only the defined Level of Information Need, but also some Quality rules shall be included. 

It has to be defined to be computed later. 

In defining the necessary rules, the process incorporates references from existing company BIM model 

rules and metrics. These rules form the foundation for rule interpretation, with modifications to enhance 

organisation and hierarchy. Also, the rule interpretation process considers established practices from 

Autodesk Revit 2024, 2023, Dutch Revit Standards, and Penne State BIM Standards. 

Appendix B (Pg. 105) presents the defined set of rules, encompassing quality, geometrical, and 

information requirements. In this context, the previously established Level of Information Need and 

regular expressions (regexes) are incorporated as essential components of the rule interpretation process. 

By adhering to these defined rules, the BIM model's quality and accuracy can be effectively assured, 

facilitating the BMC Process throughout the project lifecycle. 

5.6 BMC Implementation 

This section aims to examine the impact of BMC on the Information quality of the BIM model. The 

analysis will encompass a series of automated quality, geometrical, and information checks to assess the 

effectiveness of BMC in improving the accuracy of QTO and Cost estimation processes. Additionally, 

the study focuses on evaluating the overall model quality and conducting geometrical and 

alphanumerical checks. 

To begin, case study elements are selected, and a Basic Bill of Quantities (BOQ) and Bill of Materials 

(BOM) are obtained as part of the initial analysis. Subsequently, each workflow undergoes the 

prescribed processes, following the previous descriptive implementation stages. The iterative nature of 

this process facilitates the identification of potential adaptations and enhancements that BMC may bring 

to improve the quality and integrity of BIM models. 
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5.6.1 BMC Implementation of Workflow A  

This workflow uses Autodesk Revit as the modelling environment with Autodesk Interoperability Tools 

for model checking. Instead, Dynamo codes are used for specific rules that cannot be implemented 

through Autodesk Interoperability Tools.  

5.6.1.1 Rules Interpretation 

As illustrated in Figure 47, the rules' check set structure is divided into three main headings: General 

Model quality checks, Geometrical checks, and Information Requirements checks. Rules are derived 

from the textural rules developed in Appendix B. 

 

Figure 47: Workflow A - Checkset structure 

Rule translation usually has two parts; the first part is the setting/category/ sub-category the rule is 

relevant to, and the second part is the characteristics, whether it is defined or not, has value or not. Using 

pre-built rules such as file size, warning Count, Pinned Links, etc., is possible. However, most checks 

should be customised to implement the company standards. 
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 As illustrated in Figure 48,  detailed checks were created. The full XML for the whole checking set 

with all sets can be found at: https://github.com/mohamedomar807/MohamedOmarBIMAPlus.  

 

Figure 48: Case Study - Workflow A- Rules interpretation 

To illustrate the Rules interpretation process, below are some examples of translating textural company 

rules, Defined Level of Information Need and regexes to create the checks.  

 

https://github.com/mohamedomar807/MohamedOmarBIMAPlus
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Example 01: Checking Type Name (Level of Information Need Identifier) regex for Structural 

Foundation 

The Structural Foundation Category can be a system family or a loadable family. As elucidated before 

in regexes of Structural Foundation Identifiers (see Figure 46, Pg. 52), there are two regexes for Type 

Name. Parameter- Host was used in filters to accommodate the rule for both family types. In the case of 

a loadable family, the Host Parameter has a value. In contrast, the Host parameter is not defined or has 

a value for system families, as elaborated in Figure 49.  

Operator Or is used to define the group of filters and the regex rule is implemented for each family type. 

The check fails if any element does not match the regex. 

 

Figure 49: Checking structural foundation identifier - Type Name 

Example 02: Checking Worksets Interior/ Exterior Walls and Interior/ Exterior Curtain Walls  

Curtain Walls, Interior partitions, exterior Finishing walls, Shearing Walls and Bearing Walls belong to 

the walls category. That is why it is essential to check the worksets and ensure each element is modelled 

according to the worksets’ breakdown structure. For this example, as elaborated in Figure 50, Parameter 

Angle is used to classify curtain walls and partitions. Angle parameters are only defined for curtain 

walls. Also, The Structural walls were excluded by using the “Does not contain” Condition.  Other 

filters, such as structural Usage and structural (Boolean Parameter), were used in further checks to get 

the needed results. 
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Figure 50: Checking interior/ exterior walls and interior/ exterior curtain walls - Workset 

Example 03: Checking Quantity property(s) for Architectural (Finishing Floors) 

As the Level of Information Need framework defines, the Finishing Floor shall have Area and Volume 

properties and value. As illustrated in Figure 51, each of the Area and Volume properties is checked 

twice to check if it is defined/ Undefined and then to check if the property has value/ no value. While it 

is required to check that Area and Volume Property API Parameter: IsReadOnly have a true value, it is 

impossible to check it using Model Checker Configurator.  

 

Figure 51: Checking finishing floors - Quantity properties of Area and Volume 
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Example 04: Duplication of architectural elements 

While the Model checker configurator is not used mainly for clash detection, it can also be used for 

basic checks, such as duplication of elements, as shown in Figure 52.  

 

Figure 52: Checking duplication of architectural elements 

5.6.1.2 Building BIM Model Preparation 

The original RVT files are used in this workflow, and the modelling and information enrichment 

processes are implemented inside the repository. Exporting to other formats, such as IFC or NWC, is 

unnecessary. As described in the model composition, Architectural and structural elements are modelled 

in the same file. The Architectural/ Structural RVT file is used in this case study.   

5.6.1.3 Rules Execution 

Information requirements are focused more on Architectural/ Structural elements. Thus, The Checks are 

executed on the Architectural/ Structural file. It is possible to run the same checks on the MEP files 

simultaneously to showcase the possibility of running the checks on many files. 

5.6.1.4 Reporting Checking Results 

Excel and HTML reports are generated. Excel information can be used for the graphical representation 

of Results using Power PI or HTML for exchanging results. Both results have GUID for the failure 

element; the action needed is defined in the failure message.  
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Also, the Check summary, as shown in Figure 53, can be used as a general indicator of the quality of 

the model. However, each result should be checked to match all geometrical and information 

requirements needed. Below are some of the examples of the results.  

 

Figure 53: Check summary for architectural/ structural and MEP files 

Example 1: General Check - In-place Families List 

The outcome of this check comprises a list of In-Place Families, Shown below in Figure 54. It is essential 

to note that this result is not regarded as a failure. The textual rules explicitly define that these In-Place 

Families might be utilised in cases where calculations of area, volume, and tagging are unnecessary. As 

such, the check merely identifies the presence of In-Place Families, and further checks are designated 

to assess whether the specified conditions for their usage are satisfied. 

 

Figure 54: Check Results - In-Place Families List 

Example 2: Geometrical check – Duplicated architectural elements  

The outcome of this check is a list of all duplicated elements. As shown in Figure 55. Each element's 

GUID can be utilised to identify and examine the failed elements for necessary actions. 

Example 3: Information Requirement check – Basic Walls Workset 

The outcome of this check is a list of interior walls modelled in the wrong Workset, as indicated in 

Figure 56. Listed walls are modelled in the furniture Workset, while they shall be modelled in the Interior 

architectural Workset. 
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Figure 55: Check Results – Duplicated architectural elements. 

 

Figure 56: Check Results – List of basic walls with wrong workset 
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Example 4: Information Requirement check – Basic Wall Area Value 

As indicated before, In-Place families might be utilised in cases where calculations of area are 

unnecessary. In the results found in Figure 57, this wall has no value for the area. In that case, the Area 

shall have a value calculated from geometry.  

 

Figure 57: Check Results – List of the basic walls with No value for Area property 

5.6.2 BMC Implementation of Workflow B 

In this workflow, standalone software for checking processes is used. Thus, the optimal way to exchange 

information is to work with IFC as an exchange format between the repository environment and the 

checking software. In the case study, SMC is used as it has powerful abilities of geometrical and 

alphanumerical checks besides design checks.  

5.6.2.1 Rules Interpretation 

As delineated in Figure 58, Built-in Rules of SMC can be used for model validation and clash detection. 

Nevertheless, extending the scrutiny to encompass the geometrical issues for QTO and cost estimation 

for accurate results proves advantageous. The information requirements can be customised following 

the Level of Information Need defined in Appendix A. 

These rules check that the model contains the required property sets and properties. It can also check 

that the properties have (or do not have) a value and that the value type is acceptable. It is possible to 

check the Basic regexes for textural properties.  

Workflow A Checkset structure can be replicated similarly, wherein the requirement to assess each step 

discretely might not be imperative. SMC allows evaluating concurrently these steps as a cohesive unit, 

subsequently categorising identified concerns within the check results. Thus, the checks for each Ifc 

Entity are defined in one Check, as shown in Figure 59. However, Identifier values can be checked 

separately to check their consistency with the company naming convention system, as explained in 

Figure 60. 
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Figure 58: Workflow B - Ruleset structure 

 

Figure 59: SMC information requirements rules 
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Figure 60: SMC - Identifier naming convention checking 

5.6.2.2 Building Model Preparation 

In this phase, each Workset of architectural and structural models is exported separately, using IFC 4, 

as shown in Figure 61. The needed properties of Family Name, Type Name, Workset, Type Mark, and 

Mark are mapped.  

Materials are exported to IFC not as elements but as element properties. Material Data exported in IFC4 

may have varying displays depending on the IFC viewer used, illustrated in Figure 62, as follows: 

A- BIMVision and Navisworks: no Material tab; no such data displayed. 

B- usBIM Viewer and Solibri:  Material tab displayed; it contains material name only. 

C- FZK Viewer and BIMcollab: Material tab displayed; data displayed. 

Architectural Models and structural are opened in Solibri, where the checks are implemented, as 

shown in Figure 63. 
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Figure 61: Case study IFC export setting 

 

Figure 62: Material data exported in IFC4. 

 

Figure 63: Case study - SMC model tree 
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5.6.2.3 Rules Execution 

The execution is done inside SMC using the rulesets already prepared for the IFC Architectural and 

structural models. The model can be updated, facilitating the possibility of subsequent re-evaluation of 

the assessment. 

5.6.2.4 Reporting Checking Results 

Excel and PDF reports are generated. Also, it is possible to create issues from the check results and save 

it as BCF. It can be used to exchange issues with the repository, while the Excel results can be used to 

semi-automate some information requirements, as explained later. Below are some of the examples of 

the results.  

Example 1: Model Validation - Doors and windows 

This check results in the doors and windows related to different levels than its host. It may cause conflicts 

if some QTO or other information is extracted based on the level. As shown in Figure 64, the door is 

related to the structural level, while its host (the wall) is modelled on the architectural level.  

Example 2: Model Intersection – Structural versus Architectural model 

For this check, it results in the intersections (clashes) between Curtain walls and structural elements. 

Any hard clash may affect the geometry accuracy, which affects the QTO accuracy.  

As shown in Figure 65, the beam intersects with the curtain wall, which needs to be modified by the 

design team, and this intersection affects the quantities for both Beams and Curtain walls. 

Example 3: Information Requirements - Architectural Walls 

This check results in the elements that do not meet the Information requirements defined. As shown in, 

there are three main types of issues as follows: 

1- Missed Property Sets: No WBS Property Set for All Walls exists. So, it means that WBSCode 

Property is not defined for all architectural walls. 

2- Missed Property: Some elements Do not have a Type Mark. Also, those elements' quantity 

properties of Area and volume are missed. 

3- Not acceptable Property Values: Some elements have the wrong Workset. Some of the walls 

are modelled in the furniture Workset, while they shall be modelled in the interior Workset. 

Also, some elements do not follow the basic naming convention. Nerveless Naming convention 

can be double-checked from the identifiers’ checks.  
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Figure 64: Check results – Model validation – Door and its host level 

 

Figure 65: Check results – Intersection – Curtain wall Versus Beam 
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Figure 66: Check results – Information requirements – Architectural walls 

5.6.3 BMC Implementation of Workflow C 

This workflow embraces the utilisation of openBIM formats, accommodating various openBIM 

software platforms supporting IDS without imposing any restrictions. The BIM model is exchanged 

through the IFC format, while the rules are encoded within IDS file(s). As previously mentioned, IDS 

cannot be used to require particular geometry. Consequently, the primary emphasis within this workflow 

is directed towards the Level of Information Need. 

5.6.3.1 Rules Interpretation 

IDS files are created for architecture and structural models to check the alphanumerical information. 

IDS Converter is used to create the base IDS as an IDS converter makes an IDS with simple 

specifications capable of indicating which properties and values to be checked. However, further 

developments are edited in XML to add more constraints to the applicability, as shown in Figure 67. 

Also, usBIM.IDS Editor can be used for editing IDS specifications in both readable format and 

computational tabs, as shown in Figure 68. 
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Figure 67: IDS specification of Type Name in XML editor 

 

Figure 68:usBIM.IDS Editor- Specification editing 
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5.6.3.2 Building Model Preparation 

IDS can be checked against IFC files. Thus, the same IFC files exported and utilised in Workflow B 

(following the identical export configuration as depicted in Figure 61 and Figure 62, Pg.64-64) are used 

in this Workflow. 

5.6.3.3 Rules Execution 

The rules are executed using Blender, employing the IFC Add-In within the software. The verification 

of IDS against the IFC files was conducted seamlessly, eliminating the necessity to open either the IFC 

files or the IDS manually. This process of execution is illustrated in Figure 69. Also, usBIM.IDS 

Validator or any other software supporting IDS can be used for rule execution. In the usBIM.IDS case, 

the IFC file is opened and then validated against the IDS file, as shown in Figure 70, 

 

Figure 69:Workflow C Execution using Blender IFC Add-In 

 

Figure 70: Workflow C execution using USBIM IDS Validator 
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5.6.3.4 Reporting Checking Results 

Depending on the software used, the results could be exported as HTML, Word or other formats. For 

the case study, Both Blender and usBIM are used. For example, for the specification of Architectural 

wall Worksets, a list of elements with their GUID resulted in the HTML report, as shown in Figure 71. 

 

Figure 71: HTML result of IDS checking using Blender 

As described in rules execution, it is also possible to open IFC using usBIM and with usBIM.IDS 

Validator, Checks can be executed and directly navigate to the issues and edit in IFC. As illustrated in 

Figure 72, the Elements can be selected and edited in place in the IFC file. 

 

Figure 72: usBIM IDS Validator - Architectural wall Workset property 
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5.6.4 Automated/Semi-Automated Codes Solving Resulted Information Issues 

Various automated and semi-automated add-ins, such as Diroots, can streamline the alteration of 

information following the checking and verification process. Also, some dynamo codes have been 

devised to expedite these procedural tasks as follows: 

A- Elements Selection by check code / Keyword: 

This Code facilitates the grouping selection of elements that yield identical verification outcomes by 

utilising a designated check code or keyword. As shown in Figure 73, the code extracts the data from 

the Excel report and then groups elements with the check code or any word key. 

For example, elements that resulted as duplicated architectural elements (Figure 52, Pg.,58) can be 

selected by check code “2.1.b”. Another example, all elements that have issues related to Workset can 

be selected by checking the keyword “Workset”. As illustrated in Figure 72, Dynamo Player is used to 

automate the whole selection process. 

 

Figure 73: Dynamo code A - Element Selection by Check Code or Keyword 
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Figure 74: Dynamo Player – Using check code or keyword to select elements 

B- Delete Duplicated Elements: 

To regulate the elimination of duplication elements while ensuring the retention of essential 

information, a comparison of dissimilar values is conducted to make informed decisions. A Dynamo 

code is formulated to generate a report about these parameters to semi-automate the process of dealing 

with duplicated elements. 

 

Figure 75: Dynamo Code B - Compare duplicated elements properties 

C- Editing Parameter Values: 

A dynamo code has been developed to automate the procedural manipulation of alphanumerical 

information within the model, as exemplified in Figure 76, with the principal objective of adding 

prefixes or replacing values to the associated parameters. This dynamo code is confined to parameters 

wherein the property IsReadOnly is set to False. Nevertheless, the prospect exists for creating additional 

dynamo targeted towards Family Names and Type Names.  

Furthermore, pursuing this objective may be complemented by utilising the Diroots Add-In, thereby 

enabling parameter manipulation through the sequential employment of the Selection Code and, 

subsequently, the Diroots Add-In toolset. 
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Figure 76: Dynamo code C – Elements Parameter Values Editing 

For instance, to modify the Family name, Type Name, and Type Mark Properties within the Windows 

Category as reported in the checking report, the Dynamo code is employed to alter the Type Mark, as 

depicted in Figure 51. Similarly, to revise the windows' Family Name and Type Name, the selection 

Dynamo code displayed in Figure 54 is utilised to pinpoint the concerns, subsequently isolating them 

within the view. Following this, the Diroots Add-In is enlisted to effect changes to the family name and 

type name, as elucidated in Figure 55. 

 

Figure 77: Dynamo Player – Using edit parameters to edit the Parameter value 
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Figure 78: Diroots Add-In to edit Family Name and Type Name 
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6 DISCUSSION  

This chapter includes an overview of implementing the information requirement framework of the Level 

of Information Need. Also, an overview of the workflows implemented throughout the analysis of case 

study results, a discussion about each workflow limitation and opportunity, and an extensive comparison 

of the used software are covered. 

6.1 Level of Information Need Framework Implementation Discussion 

In this section, a discussion is aimed at analysing the implementation process of the Level of Information 

Need framework in the case study. The Level of Information Need is different for each project and phase 

and must be updated continuously throughout the whole lifecycle of the project. While the framework 

assesses most of the information requirements in the EIR, other upper-level information requirements, 

such as OIR and PIR, should be considered. 

The case study focuses on specific BIM uses (QTO and cost estimation). On the project level, the Level 

of Information Need framework shall be defined for each BIM use and afterwards be complied with 

other frameworks of Level of Information Need defined for other BIM uses. For instance, while the 

Railing element could have 2D dimensionality in the framework defined for QTO, it shall be 3D 

dimensionality for the Clash detection purpose. So, A complied framework for the information 

requirements shall be updated upon all BIM uses. 

Regarding the geometrical representation in the Level of Information Need framework, the LOD 

specification concept was used to give an idea about the geometrical representation using the LOD 

100,200,350,400. However, it is recommended for other BIM uses where the geometrical representation 

affects the BIM use to be customised for each category.  

6.2 BMC Workflows Review 

While each workflow was implemented for specific rules, this section explores a more general review 

of each workflow, assessing the limitations and opportunities for each workflow and the possibility 

of mixing the usage of more than BMC in the same project. 

6.2.1.1 BMC Workflow A Review 

The whole process was done inside the repository throughout the implementation of workflow A. The 

alphanumerical information was mainly translated using the model checker configurator as one of 

Autodesk's Intermobility tools. 

 It is faster to manipulate Checkset in XML for editing and creating similar rules. As a concept, regexes 

are not limited to checking the naming convention but can facilitate the editing process. For instance, 
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the check IDs shall be removed to copy a check, section or heading using XML. Deleting the IDs 

individually is time-consuming in a large ruleset such as this case study, which consists of more 

than 500 checks. In that case, developing a regex for XML manipulation to select All IDs at once was 

done. As an Example: Check ID sample: ID="e1a000e0-dc8f-45bd-9041-02720bdc549d" - regex: 

ID="[a-z 0-9 -]*”).   By this simple regex, All IDs for Checks, sections, and Headings could be 

selected (in the case study, 1469 IDs was selected inside XML by one-click). 

Furthermore, some rules could not be translated as Autodesk Interoperability Tools do not support 

accessing the API parameters of properties. For instance, one of the rules states: “Location: The project 

base point shall be located at the intersection” of grids one and A”. In that case, VPL, such as Dynamo, 

can be used to implement the rule, as shown in Figure 79. Thus, combining Autodesk Interoperability 

Tools with Dynamo covers more rules to be interpreted by using Dynamo for preparing some semi-

automated codes to solve the resulting issues. 

Nevertheless, A critical risk that shall be mentioned is the risk of automating the process of solving the 

resulting issues, as it might cause information loss. For example, while it is possible to delete the 

duplicated elements automatically, the suggested approach was to report the difference between them 

in terms of information included in each. Subsequently, the final decision will be for the BIM model 

manager/ coordinator to take the proper action. Another proposed approach for Automated codes that 

edit the property values is to export the current values with data in a CSV file for archiving purposes.  

 

Figure 79: Showcasing of using VPL (Dynamo) in the rule interpretation stage 

6.2.1.2 BMC Workflow B Review 

Using standalone software designated for the BMC process gives many capabilities and functionalities 

that enhance the BMC process. As an observation of the software used in this workflow, SMC could be 

selected in the design phase because of its capabilities of geometrical checking of clearance and 

accessibility and clash detection besides information consistency.  Bexel Manager would be more 

beneficial for the construction phase, considering the capabilities of Bexel Manager to integrate time 

and cost with more extensive capabilities to check alphanumerical information.  
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Furthermore, Other factors of software license cost, users' software capabilities and interoperability with 

other software used for other BIM uses of QTO, Cost estimation, clash Detection, Solar analysis, 

Structural analysis, etc., shall be considered. 

Throughout this workflow implementation, the information exchange is very critical as the whole 

process of checking is done outside the repository. Incorrect or incomplete export settings will cause 

information loss, giving wrong results. Using openBIM formats in exchange provides more flexibility 

to exchange information and interoperability with various software. For instance, Files from Autodesk, 

Tekla, and ArchiCAD can be checked simultaneously with the same Checkset using the designated 

software and issued back to each repository using BCF. 

However, a critical concern in this workflow is that the checking process is done through black-box 

tools that usually use rule templates based on hard-coded and inflexible rules. 

6.2.1.3 BMC Workflow C Review 

As a main principle of this workflow, it is aligned with openBIM as a vendor-neutral collaborative 

process. With IDS, the Interpretation of rules is done with a high potential to define information 

requirements and link to bSDD. It is now aligned with the ISO 19650 framework and is expected to be 

a formal buildingSMART standard soon. 

IDS provides flexibility in the checking process except for the last part of the resulting issues. The 

explored tools issue HTML and Excel reports; other software support to issue BCFs are not free 

software, which does not align with the core idea of this workflow. However, using Python to navigate 

the result inside the repository or even create BCFs is possible. On the other hand, a limitation of the 

IDS Geometrical checks is not possible to be checked by IDS.  

Great potential is expected as IDS Editing and Validation will be supported with other software such as 

BIMcollab, giving a chance to merge the usage of workflow B and C for enhancing the BMC process. 

6.2.1.4 BMC Workflows SWOT Analysis 

As previously discussed, each workflow has its uniqueness, and while the sequence of implementation 

is similar, each workflow has its opportunities and limitations. A SWOT[1] analysis is conducted, as 

explained in Table 10, to get better abstract knowledge for each workflow. 

 

 

 

 

[1] SWOT analysis, an acronym for Strengths, Weaknesses, Opportunities, and Threats, is a strategic tool to assess a studied 

subject's internal and external environment. This simple yet powerful framework identifies strengths and weaknesses, such 

as resources, capabilities, limitations, and external opportunities and threats in the industry. By conducting a SWOT 

analysis, companies gain valuable insights to inform their decision-making processes, helping them leverage their strengths, 

address weaknesses, seize opportunities, and mitigate potential threats. 



Omar, M. 2023. Automated BIM-based Model Checking Workflows with Exchange Information Requirements. 78 
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Programme Building Information Modelling, BIM A+. 

 

   
 

Table 11: BMC workflows SWOT analysis 

Workflow A - Inside Repository 

Strengths: 

- No need to exchange the model in other formats 

(using the RVT model directly). 

-  All BMC steps can be done inside the repository. 

- Checking rules can be edited in XML. 

- Supporting regex. 

 

Weaknesses: 

- Cannot access API Parameters of properties.  

- Limited capabilities of geometrical checks and code 

validation. 

- Limited to the RVT files (or the repository file 

extension). 

- Does not support using data templates to create the 

rules. 

- To navigate the results, some rules may be partially 

duplicated (for instance, to check Property exitance 

and value, it should be defined as two rules to be able 

to define the problem). 

Opportunities: 

- using VPL (Such as Dynamo or Grasshopper 

through using Rhino inside Revit) in complex Rules.  

- Using Plugins and Add-In (such as Diroots and 

conVoid) to automate the process of solving resulting 

issues. 

- More Interoperability Tools will be realised by 

Autodesk (Shared Parameters Tools, Validation Tool 

for Docs). 

Threats: 

 - Interoperability with other software/tools. 

- Instability of New version of some Autodesk 

Interoperability Tools such as Model Configurator.  

- Risk of stopping support to Autodesk 

Interoperability Tools.  

Workflow B – Standalone Software  

Strengths: 

- the variety of software solutions in the market 

( SMC, Bexel Manager, BIMcollab, …). 

- Supporting openBIM exchange formats of IFC and 

BCF. 

- In SMC, there is an ability to customise rules 

besides the predefined rules. 

- powerful capabilities of geometrical checks, 

accessibility, clearance, and information consistency. 

Weaknesses: 

- Some Software does not support all regexes patterns 

(for instance, SMC does not support all regexes 

patterns). 

- Analysing and group issues before exchanging 

them, as BCF is time-consuming. 

- not working on the original file (for instance, RVT) 

but working on IFC, which makes some rules 

challenging to check. 

Opportunities: 

- Using BCF for exchange issues with the possibility 

of using VPL to semi-automate the solving process. 

- using SMC data templates and the possibility of 

linking them with company templates (such as 

naming convention system). 

Threats: 

 - black-box approach (using rule templates based on 

hard-coded and some inflexible rules). 
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Continued: Table 11: BMC workflows SWOT analysis 

Workflow C – OpenBIM 

Strengths: 

-  white-box approach using openBIM formats with 

no flexibility to use any software/vendor. 

- IDS is both computer interpretable and human-

readable file, which makes the rule interpretation 

phase clear. 

- great functionalities to check IFC attributes 

(“Name”, “Description”), IFCtype, 

properties (“Pset”), quantity, classifications, 

composition, and materials. 

- supporting regexes. 

 

Weaknesses: 

- Complex rules cannot be implemented.  

- not possible to do geometrical checks. 

- Exchange of issues using BCF is not supported in 

some openBIM software. 

- not working on the original file (for instance, RVT) 

but working on IFC, which makes some rules 

challenging to check. 

Opportunities: 

- Many software vendors will be supporting IDS, 

giving the chance to generalise the use of IDS for all 

BIM uses. 

Threats: 

 - Poor information exchange quality (in exporting 

IFC from the repository) may lead to information loss 

and wrong results. 

  

 

6.3 Software Review 

Throughout the study, various software /tools from various vendors were used to explore BIM uses and 

implement the whole process of BMC, including rules interpretation that was created and defined based 

on the information requirements, model preparation, rule execution, and reporting. The case study 

showed in-depth implementation challenges during BMC's steps using those software/tools. 

6.3.1 Autodesk Interoperability Tools Review 

Autodesk Interoperability Tools are free tools for Autodesk Revit users, aiming to help with different 

BIM workflows. Within the repository, two noteworthy tools, the Autodesk Model Checker 

Configurator and Autodesk Model Checker for Revit, were instrumental in implementing Workflow A. 

These tools feature an intuitive user interface, offering users the flexibility to employ pre-built checks 

or customise rules through the use of wizard checks and advanced checker builders. They include 

a repository of libraries, such as Revit Best Practices, Penn State (PSU) - BIM Standards, and Dutch 

Revit Standards (NLRS), which can serve as valuable references. 
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These tools demonstrate exceptional prowess in conducting quality assessments and assessing file 

health, including verifying Revit parameter existence (defined or undefined) and their corresponding 

values, with the option to utilise regexes. However, it is important to note that each check can 

accommodate only a single rule. For example, when examining the presence of a shared parameter such 

as WBS Property, as outlined in Scenario 1(Scenario explanation in Pg.34), two distinct approaches can 

be adopted: 

The first approach involves consolidating multiple rules into a single check, evaluating property 

existence, property set, data type, presence of a value, and the correctness of the value (matching the 

regex). The outcome is a binary pass or fail result with textual description, without detailed information 

on which specific rule(s) failed. Alternatively, the second approach defines each rule as a separate check, 

creating five distinct checks for each parameter. While this approach provides granular insights into the 

exact nature of the issue, it may lead to issues being duplicated, potentially resulting in an increased 

number of redundant notifications. 

Additionally, the model checker tools are limited in geometrical checks. They are not designed for clash 

detection but are useful in alphanumeric information assessments. A notable advantage of these tools 

lies in their capacity to execute checks, or portions thereof, across multiple RVT files without opening 

each file individually. For instance, when opening an architectural file, the checks can be applied to all 

other project files, including structural and MEP, streamlining the process of evaluating overall quality 

and adherence to standards even though many projects simultaneously can be checked. 

6.3.2 SMC Software Review  

As one of the pioneering software applications developed for model-checking processes, SMC is 

a robust and reputable tool renowned for its versatile capabilities in conducting various BMC processes. 

SMC has earned widespread recognition for its proficiency in enforcing many rules of accessibility, 

clearance, revision, and information checking. It finds extensive utility in tasks such as code validation, 

clash detection, QTO, quality assurance checks, and other model compliance checks against national 

and international standards. 

In the case study context, SMC facilitated essential intersection geometrical and alphanumeric 

information checks. Notably, SMC exhibited exceptional functionality in conducting geometrical 

checks, leveraging predefined rules for BIM coordination that delineate intersections within disciplines 

(e.g., Arc vs. Arc) and intersections spanning different disciplines (e.g., Arc vs. Structure). The software 

also offers the flexibility of customising rules, thus enabling the implementation of a project-specific 

clash matrix. 
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The alphanumerical information checks showed more powerful results, as many rules of property 

existence, property set, data type, and value can be defined in the same check with the feature to get 

where the problem existed. Through the same example used in the Revit interoperability tool review, 

explained in Pg. 80, the rule is defined as one check, and the result will show if the problem is the 

absence of the property, in the wrong property or has incorrect value and so on. To be mentioned, SMC 

does not support regexes fully (only * and ? are allowed). The rule SOL/21 has better support but not 

the same advantages of using regexes. 

To achieve interoperability with other software, SMC adopts the principles of openBIM. It seamlessly 

imports building models from various BIM software products using the IFC interface. Furthermore, 

SMC enables the efficient exchange of results, problems, and issues by offering export options in various 

formats, including PDF, Excel, and RTF, or by utilising BCF files, which can be seamlessly transferred 

to the central repository. Consequently, SMC's workflow is not constrained to a specific repository, 

enabling harmonious interoperability among diverse software applications. This flexibility empowers 

stakeholders to collaborate effectively across different platforms, fostering a more efficient and 

streamlined exchange information process. 

6.3.3 Bexel Manager Software Review  

Bexel Manager Property Check Add-In was employed to verify alphanumeric information within the 

project. This tool operates on an Excel template that comprehensively outlines information for each 

project element, including the properties, properties set, data type and value validation using regexes. 

The tool's versatility lies in its ability to define information for each project phase. Moreover, it offers 

the flexibility to customise checks specifically tailored to the requirements of each project phase. This 

adaptability ensures that the tool remains effective and adaptable throughout the project's lifecycle. 

In addition to its property check functionality, Bexel Manager mainly serves various purposes, such as 

clash detection and information take-off. Its distinctive feature lies in its seamless integration of cost 

and time, enabling the generation of analytical reports to assess the project's status comprehensively. 

6.3.4 Blender Software Review 

Blender software is an open-source software with a free license, making it accessible for various 

purposes, including educational and commercial use. In the case study context, the BIM Add-In within 

Blender is used for the BMC stage of rules execution within Workflow C, which is utilised to validate 

IDS against IFC. While the BIM Add-In within Blender offers tools for loading and creating BCF files, 

the integration between the IDS validator and the BCF creator is currently lacking.  
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Consequently, the reporting output is generated as an HTML report. The HTML report might be used 

with Python scripts to facilitate the navigation of reported problems and issues within the authoring 

modelling tool. 

Blender exhibits significant potential due to its diverse free tools, encompassing tasks such as IFC 

creation, clash detection, and BCF generation. Its strength lies in its status as open-source design 

software, providing users with considerable flexibility and the opportunity to address the challenges 

effectively. 

6.3.5 ACCA Tools Review 

ACCA software offers a range of solutions for different BIM uses. In the case study, the usBIM.platform 

served as the Common Data Environment (CDE), containing IFC and IDS files. Additionally, the study 

employed usBIM.IDS Editor and Validator tools for editing IDS files and conducting validation checks 

against the corresponding IFC files.  

The usBIM.IDS Editor tool boasts a user-friendly interface, simplifying the creation of rules in a human-

readable format. This functionality enhances the flexibility to incorporate more applicability and 

requirements constraints for each check. Furthermore, users have the option to export the human-

readable version in addition to the XML format of the IDS. 

The usBIM.IDS Validator is responsible for validating the IDS file against the IFC file, identifying and 

reporting any problems or issues, and presenting them directly within the BIM model. Notably, the tools 

offer the valuable functionality of enabling users to rectify the issues within the IFC model in real-time 

using usBIM tools or to export a PDF or Word report for further analysis. The research recommends the 

investigation of using usBIM.bcf to enhance interoperability with the modelling authoring platform. 

6.3.6 Software General Comparison 

As a general observation, each software has its strengths and weaknesses according to the usage of the 

software. On the project and organisational levels, the criteria for choosing the designated software to 

implement the checking process are not limited to the software's capability only. The criteria of chosen 

software could include the cost, the functionality, the team's capability to use the software, and 

interoperability with other project stakeholders; as concluded in Table 12,  a brief comparison is 

conducted to the Software used to implement the BMC process in term of its other functionalities, cost, 

scalability, stability and integration with the main repository (in case of the case study project is 

Autodesk Revit). 
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Table 12: Used software review 
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6.4 BMC Workflows Integration 

Each BMC workflow was executed independently of other Workflows throughout the study to identify 

their limitations. However, it is essential to note that integrating these workflows could significantly 

enhance the overall capabilities of the BMC processes. As previously elucidated, all the workflows share 

similar procedural steps of Rule Interpretation, Model Preparation, Rule execution and Reporting. 

Consequently, there exists a notable opportunity to leverage each workflow for more tailored rule 

applications. 

To illustrate this point, Workflow A exhibits strength in conducting general quality assessments, 

enforcing naming conventions, and fulfilling basic information requirements, which is beneficial for the 

design team during the early project phases. For more intricate geometrical checks requiring specialised 

software and tools, Workflow B is equipped to address these needs, offering the added benefit of double-

checking for each submission. Additionally, in scenarios involving the definition of general information 

requirements spanning various file repositories such as Revit and Tekla, adopting openBIM formats for 

information exchange is recommended. Using Workflows B and C to meet these demands effectively. 
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7 CONCLUSION 

The research addressed the critical necessity of defining information requirements within the BIM 

information exchange process context. Employing the Level of Information Need framework has 

significant potential for standardising the information management process. In such a scenario, the BMC 

adapted process with the proposed workflow, designed to verify the defined information requirements, 

can automate the entire process. 

7.1 Theoretical and Practical Contributions 

The research delved into prior theoretical and practical endeavours related to BMC processes. Various 

BIM uses were explored, encompassing code validation, QTO, cost estimation, and clash detection, 

detection as the common BIM uses where BMC could be used. Irrespective of the specific BIM use, the 

research emphasised that information requirements shall be derived and defined, whether they pertain 

to geometric or alphanumeric information. Moreover, it emphasised the importance of considering the 

relationships between BIM elements and other elements. For example, element clearance cannot be 

solely determined by the geometry of an element; it must also take into account its interaction with 

surrounding elements. 

Subsequently, the research introduced an adaptation to the BMC process by incorporating an additional 

stage into the conventional steps. The proposed BMC process encompasses five distinct stages: (1) Rule 

Interpretation, (2) Model Preparation, (3) Rule Execution, (4) Reporting Check Results, and 

(5) Automated/Semi-automated codes execution to modify the information inconsistency or add the 

missing information. 

In line with the research's aim to investigate black-box and white-box BCM approaches, three distinct 

BMC workflows were introduced to investigate various workflow possibilities and their practical 

implementation. The workflows are (1) Workflow A – Inside Reprosirty, (2) Workflow B – Standalone 

Software, and (3) Workflow C – openBIM. The study primarily focused on three distinct information 

scenarios: (1) the existence of a property along with its value, (2) property duplication, and (3) Element 

geometry duplication. 

Following the methodology outlined, this research adopted a practical approach to investigate the 

proposed information requirements and BMC workflows in an actual case study. The chosen case study 

involved the development of an administrative building, a project undertaken by Protim Ržišnik Perc 

company. The Level of Information Need was aligned with the predefined checking rules for inputting 

the BMC process. Subsequently, each workflow was thoroughly implemented, allowing the exploration 

of various software and tools. 
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7.2 Key Findings 

The Level of Information Need framework is a notable evolution, surpassing the earlier LOD 

framework. It introduces a higher level of precision in information management by tailoring information 

requirements to the unique needs of each project. Unlike LOD, which primarily focuses on data maturity 

and detail levels at various project stages, the Level of Information Need framework brings a nuanced 

approach. It takes into account factors such as project stage, stakeholder demands, and the specific 

purpose of the information exchange derived from the EIR. This precision ensures that information is 

not a one-size-fits-all commodity but rather a finely tuned resource designed to meet the distinct 

requirements of each project component. 

Another important aspect as a practice note is the ability of regular expressions (regexes) to implement 

various information checks and rules. regexes are powerful and flexible tools that can be used to ensure 

information consistency in multiple conditions. By setting up regex-based rules, it is possible to detect 

and correct inconsistencies in the information, thus improving the overall quality of the project, 

specifically in the alphanumerical identifiers naming convention. 

However, it is essential to note that conducting the checking process solely inside the BIM repository 

has limitations. In many cases, it may be necessary to implement other software as part of the proposed 

Workflow B or C to achieve the desired results. The geometrical checks that can be done inside the 

authoring tool are limited. For instance, Autodesk Revit's capabilities to make geometrical redundant 

and clash are limited, while using other standalone software will add more value, such as Navisworks 

or SMC. It is also essential to consider the different capabilities of each software and choose the most 

appropriate one for the specific project, considering the other aspects of cost, team capability to use the 

software and other software features that can be used for other BIM uses. 

Finally, using Information Delivery Specifications (IDS) can significantly improve the exchange 

of information processes between different software and systems. IDS can help ensure that the 

information is consistent and compatible across other platforms, thus reducing the risk of errors and 

inconsistencies. Except for the geometrical checks, there is great potential in using the IDS in 

the different BMC processes of code validation, quality checks, and other specific information required 

according to the EIR. 
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7.3 Recommendations for Future Research 

Over the past decades, it has become increasingly clear that the topic of BIM-based Model Checking 

(BMC), especially information requirement checks, is dynamic and continues to garner significant 

research interest theoretically and practically. Numerous challenges lie ahead, ensuring that researchers 

will remain deeply engaged in such topics to deal with the challenges of AECO digitisation. The study 

recommends some points in the same area of the research as follows: 

- Geometrical representation adaptation as part of Level of Information Need implementation. 

- Automation of BMC step of manipulation resulted information inconsistency and missing 

information. 

- Developing other BMC possible workflows based on the synergy of the proposed workflows. 

- Enhancing usage of BMC with different BIM uses. 

- Implementation of IDS in the whole project lifecycle based on each project phase's Level of 

Information Need. 

Moreover, the study recommends investigating other topics that may be aligned with the 

abovementioned topics, enhancing the information requirements process and BIM-based Model 

Checking. These topics are:  

- Automation of international and national standards implementation using Data templates and 

database systems. 

-  Developing workflows to enhance openBIM processes that rely on industry standards such as 

IFC, bSDD, and BCF for all needed BIM uses. 

- Analytical research on the current limitations and challenges of available BIM software in the 

market. 

7.4 Final Thoughts  

Throughout the research, it became evident that BMC occupies a central role within the broader BIM 

framework. BCM transcends the mere act of verifying compliance with established rules; rather, it 

represents a comprehensive methodology that necessitates a holistic approach from all stakeholders 

involved, including BIM managers, coordinators, and modellers. This methodology revolves around the 

meticulous allocation of information within the appropriate structure. The success of the BMC process 

is contingent upon the active engagement of all project parties, including high-level organisational 

participants, at every stage and throughout the project lifecycle. This engagement encompasses the 

formulation of rules and their execution and extends to the subsequent stages of reporting and refining 

BIM models. 
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9  APPENDICES 

Appendix A: Level of Information Need for BIM uses of QTO & cost estimation 

This appendix defines Level of Information Need for architectural and structural elements for the 

purpose of QTO and cost estimation.  

Project:  
Purpose: QTO & Cost Estimation 

Actor: Lead Appointed Party- Design Consultant 
1 Ceiling  

Model Element Ceiling  
Category Ceilings 

Information delivery milestone PZI 
Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n Identification  Type Name  

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Interior (RP-AR-Facade only for elements 

that are part of the facade) 
Dimension Material  Shall have material, follow local material list 
Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A 

2 Curtain Walls  
Model Element Curtain Walls  

Category Walls 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification  Type Name  
Information content Property Set Property  Requirement / Value 

Structural  Structural  Shall have Value (Boolean Yes/No) 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Facade/ RP-AR-Interior 
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Materials and 
Finishes 

Material  Shall have material, follow local material list  

Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A 

3 Curtain Wall Panels 
Model Element Curtain Wall Panels 

Category Curtain Panels 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n Identification Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Interior 
Dimension Material  Shall have material, follow local material list 
Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents  
N/A  

4 Curtain Wall Mullions 
Model Element Curtain Wall Mullions 

Category Curtain Wall Mullions 
Information delivery 

milestone 
PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular 
expression defined in the naming convention  

Identity Data Workset RP-AR-Facade 
Materials and Finishes Material  Shall have material, follow local material list 

Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 
Dimension Length Units shall be m 
Dimension Length Parameter Area shall be IsReadOnly: True 

WBS WBSCode Shall have a WBS Property with Value: 
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Documentation Set of 
documents 

  

N/A  

5 Doors 
Model Element Doors 

Category Doors 
Information delivery milestone PZI 

Family Type Loadable Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Facade 
Identity Data Mark Each element shall have a unique Mark 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

6 Architectural Floor  
Model Element Architectural Floor  

Category Floors 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n Identification Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean: No) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Interior 
Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

7 Furniture 
Model Element Furniture 

Category Furniture 
Information delivery milestone PZI 

Family Type Loadable Family 

G
e

om

  

Detail (Using LOD) N/A 



Omar, M. 2023. Automated BIM-based Model Checking Workflows with Exchange Information Requirements. 96 
Master Thesis. Ljubljana, UL FGG, Second Cycle Master Study Programme Building Information Modelling, BIM A+. 

 

   
 

Dimensionality 3D 
Location Absolute 

Appearance No Colour 
Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-ST-Concrete_structures 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

8 Equipment 
Model Element Equipment 

Category Specially Equipment  
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Equipment 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

9 Plumbing Fixtures 
Model Element Plumbing Fixtures 

Category Plumbing Fixtures 
Information delivery milestone PZI 

Family Type Loadable Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute/Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Equipment 

WBS WBSCode Shall have a WBS Property with Value: 
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Documentation Set of 
documents 

  

N/A  

10 Railings, guardrails and handrails  
Model Element Railings, guardrails and handrails  

Category Railings 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 1D 

Location Absolute/Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Facade 
Dimension Length Parameter Area shall be IsReadOnly: True 
Dimension Length Units shall be m 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

11 Roofs 
Model Element Roofs 

Category Roofs 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Interior 
Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

12 Finishing Stairs 
Model Element Finishing Stairs 

Category Stairs 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
e

tr
ic

al
 

 Detail (Using LOD) N/A 
Dimensionality 3D 
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Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Interior 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

13 Finishing Stairs Runs 
Model Element Finishing Stairs Runs 

Category Stairs: Runs 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Interior 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

14 Finishing Stairs Landings 
Model Element Finishing Stairs Landings 

Category Stairs: Landings 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Interior 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
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Dimension Volume  Units shall be m3 
WBS WBSCode Shall have a WBS Property with Value: 

Documentation Set of 
documents 

N/A  

15 Interior Wall (Partition Interior Wall / Finishing Wall/..) 
Model Element Interior Wall (Partition Interior Wall / Finishing Wall/..) 

Category Walls 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean No) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-Interior 
Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

16 Exterior Wall 
Model Element Exterior Wall 

Category Walls 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean No) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-AR-Facade 
Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 
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WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

17 Windows 
Model Element Windows 

Category Windows 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-AR-Interior or/ PR-AR-Facade 
Identity Data Mark Each element shall have a unique Mark 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

18 Structural Columns 
Model Element Structural Columns 

Category Structural Columns 
Information delivery milestone PZI 

Family Type Loadable Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-ST-Concrete_structures 
Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

19 Structural Framing 
Model Element Structural Framing 

Category Structural Framing 
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Information delivery milestone PZI 
Family Type Loadable Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-ST-Concrete_structures 
Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

20 Slabs 
Model Element Slabs 

Category Floors 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 2D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n Identification Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean: Yes) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-ST-Concrete_structures 
Dimension Area Parameter Area shall be IsReadOnly: True 
Dimension Area Units shall be m2 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

21 Structural Foundation 
Model Element Structural Foundation 

Category Structural Foundation 
Information delivery milestone PZI 

Family Type Loadable Family 

G
eo

m
et

ri
c

al
  Detail (Using LOD) N/A 

Dimensionality 3D 
Location Absolute 
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Appearance No Colour 
Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-ST-Concrete_structures 
Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

22 Shear/ Retaining Walls 
Model Element Shear/ Retaining Walls 

Category Walls 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean Yes) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-ST-Concrete_structures 
Structural  Structural 

Usage 
shear 

Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

23 Bearing Walls 
Model Element Bearing Walls 

Category Walls 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
c

al
  Detail (Using LOD) N/A 

Dimensionality 3D 
Location Absolute 
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Appearance No Colour 
Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 In
fo

rm
at

io
n 

Identification Family Name 
Type Name 

Information content Property Set Property  Requirement / Value 
Structural  Structural  Shall have Value (Boolean Yes) 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-ST-Concrete_structures 
Structural  Structural 

Usage 
Bearing 

Dimension Area Parameter Volume shall be IsReadOnly: True 
Dimension Area  Units shall be m2 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

  
24 Structural Stairs 

Model Element Structural Stairs 
Category Stairs 

Information delivery milestone PZI 
Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Absolute 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-ST-Concrete_structures 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

  
25 Structural Stairs Runs 

Model Element Structural Stairs Runs 
Category Stairs: Runs 

Information delivery milestone PZI 
Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp ha

  Identification Type Name 
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Information content Property Set Property  Requirement / Value 
Identity Data Type Mark Shall have a Type Mark with the regular expression 

defined in the naming convention  
Identity Data Workset RP-ST-Concrete_structures 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  

26 Structural Stairs Landings 
Model Element Structural Stairs Landings 

Category Stairs: Landings 
Information delivery milestone PZI 

Family Type System Family 

G
eo

m
et

ri
ca

l 
R

ep
re

se
nt

at
io

n Detail (Using LOD) N/A 
Dimensionality 3D 

Location Relative 
Appearance No Colour 

Parametric behaviour Explicit geometry 

A
lp

ha
nu

m
er

ic
al

 
In

fo
rm

at
io

n 

Identification Type Name 
Information content Property Set Property  Requirement / Value 

Identity Data Type Mark Shall have a Type Mark with the regular expression 
defined in the naming convention  

Identity Data Workset RP-ST-Concrete_structures 
Dimension Volume  Parameter Volume shall be IsReadOnly: True 
Dimension Volume  Units shall be m3 

WBS WBSCode Shall have a WBS Property with Value: 
Documentation Set of 

documents 
N/A  
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Appendix B: Protim Ržišnik Perc BIM model rules and metrics 

This appendix encompasses the existing and new textual general, geometrical and alphanumerical 

information for Protim Ržišnik Perc company projects. 

Checking Category Concept Rule Source  

G
en

er
al

 Q
ua

lit
y 

R
ul

es
 

File Size The Revit file is smaller than 400 MB exist 
File Warnings The Revit file must have no warnings/ as few as 

possible 
new 

File Purgeable 
Elements 

The Revit file must have unneeded elements that 
increase the model size 

new 

File Non-built-in 
Objects 

A large number of Non-built-in Objects may be 
indicative of an imported CAD file. Importing CAD 
files is not recommended unless it is part of the 
Drafting view 

new 

File Model Groups Usage of groups should be avoided; create them only 
if necessary. 

exist 

File Detail Groups Details groups should be created only if necessary. new 
File In-Place 

Families 
The use of Models In-Place Families should be 
avoided. Exception: Use them if you do not need to 
calculate their area and volume or tag them. If you 
need to model such a family, write in the name prefix 
“IPF-”. 

exist 

External Files Revit Links The Revit Links are correctly organised, and the 
insertion method is correct. Links shall be pinned in 
place 

exist 

External Files CAD Links Importing CADs into model views should be 
avoided. Exception: You can link CAD drawings into 
the view with the option “visible on current view 
only”. 

exist 

External Files CAD Links Import CAD is allowed to draft views (reusing details 
from AutoCAD) or as a 2D family only.  

exist 

File source of 
coordinates, 
grids, and 
levels 

The main source of coordinates, grids and levels is 
the Coordination file; all discipline models obtain 
coordinates, grids, and levels according to it. The 
coordination file is stored in the 99_BIM folder. 

 
exist 

Base Point Location The project base point shall be located at the 
intersection of grids one and A. 

exist 

Levels Naming The Levels' names according to RP Revit Standard 
Levels & Grids Chapter 

exist 

Grids Grids Naming Vertical grids are marked with consecutive numbers 
(1, 2, 3…), and horizontal grids are marked with 
consecutive capital letters (A, B, C, D…). The grids’ 
starting point is on the bottom left of the building. 

exist 

Rooms Unplaced 
Rooms 

There are NOT unplaced, unclosed, and redundant 
rooms 

exist 

Rooms Rooms Rooms are represented correctly and are tagged in 
drawings. No text allowed 

exist 

Rooms Rooms Every Room Number is unique, and they have the 
right Room Name 

exist 

Rooms Rooms Every Room is set with the proper boundary height exist 
Views Views 

Template 
Each view should be assigned to a view template.  new 

 Navisworks 
Export View 

There should be a 3D view labelled with the word 
"Navisworks" for export to Navisworks. 

new 
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Parameters Project Info Project Information filled with all the relevant and 
up-to-date data 

exist 
G

eo
m

et
ri

ca
l R

eq
ui

re
m

en
ts

  

All No duplicates No duplicated elements exist 
All General Rule Refer to Company LOD specification for each project 

Phase 
exist 

Walls, 
Structural 
Columns, 
Columns 

Model 
breakdown 

The Walls and Columns are modelled according to 
the constructive requirement. As a rule, the elements 
that go from the bottom of the building to the top 
(walls, columns, facades) should be separated by 
levels. Exception: In the case of prefabricated 
modular elements, they should be modelled in one 
piece. 

exist 
exist 

Ceilings Model 
breakdown 

Ceilings are modelled correctly and include a Revit 
pattern, not lines, aligned to texture 

exist 

Curtain Walls Curtain Walls Curtain walls and their elements are placed correctly 
(doors, panels, profiles, etc.) 

 
exist 

In
fo

rm
at

io
n 

R
eq

ui
re

m
en

ts
 

All General Rule Refer to the Level of Information Need Defined for 
each BIM use. 

New 

All Schedules All the necessary data for the current project phase is 
in the Roombook schedule. 

 
exist 

Worksets Workset 
Names 

Workset names according to RP Revit Standard 
Workset chapter 

 
exist 

All Materials Material names are logical, consistent, and named 
according to RP Revit Standard Materials. Materials 
assigned to all elements starting from the IDP phase 

exist 
 

All Families and 
Types 

There are no duplicate parameters or unnecessary 
parameters 

exist 

All Schedules All tables are generated through Revit Schedules. 
Some exceptions apply. 

exist 

All Tags All notes are inserted as Tags and not as Text. 
Exceptions can be considered for fabrication or 
installation details. 

exist 

All  Schedules All tables are generated through Revit Schedules. 
Some exceptions apply. 

exist 

 Tags All notes are inserted as Tags and not as Text. 
Exceptions can be considered for fabrication or 
installation details. 

exist 
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Appendix C: Regular expression definition 

This appendix defines regular expressions for architectural and structural elements. Also, it includes 

regular expressions of the material list. 

Element(s) Identifier(s) Regular Expression (s) Example(s) 

Ceiling Type Name RP-AR-(STCL|SSCL)-
(GB|MS|WD|PS|TI|PI)(_MDF|_ACS|_AQU|_X

PS|_EPS|_MNW|_WTR)??-[0-9]*mm 

RP-AR-SSCL-GB-
600x1200-50mm 

Curtain Walls Type Name RP-AR-CURW(-(GL||MM|PL|AP|H|TX))??((-
|_)[0-

9]*x(GL||MM|PL|AP|H|TX))*?(_PRE|_CLT|_X
PS|_EPS|_MNW|_PIR|_MDF|_ACS|_ACM|_BT

M|_STF|_PVC|_AQU|_VIS|_WTR|_HPL)??(-
|_)[0-9]*mm 

RP-AR-CURW-
150mm 

Curtain Panels Type Name RP-AR-CURP-
(PL|NA|WD|AL|GL|VOID)(_(PL|NA|WD|AL|GL

|VOID))??(-M3-R2[0-5])?? 

RP-AR-CURP-AL_GL 

Curtain Mullions Type Name RP-AR-CURM-(PL|NA|WD|AL)(-[0-9]*x[0-
9]*mm)??(-[A-Za-z0-9])?? 

RP-AR-CURM--
150x50mm 

Doors Family Name RP-AR-
(SGLD|DBLD|TRPD|REVD|PASS|RLRD|SNPD|D

BPD|OHSD|OHRD)-
(Swing|Sliding|Swing_Asim|Swing_Pivot|Slidin
g_Surface|Sliding_Telescopic|Sliding_Pocket|D

ouble_Acting|Sliding_Bi_Parting|NA)(-
(Emb|Cor|Cen|NA|Emb_Rvs))??(-

(Full|Glass|Mesh)-
(w_Toplight|w_Sidelight|w_Sidelight_Toplight
|w_Vision_Panel|w_Inactive_Leaf|w_Pass_Do

or))??(-M3-R2[0-5])?? 

RP-AR-DBLD-Swing-
Emb-Full-

w_Inactive_Leaf-
M3-R20 

Type Name (WD_GL|AL_AL|PL-PL|WD_WD|ST-ST)(-[0-
9]*x[0-9]*mm)??(-[A-Za-z0-9]*)?? 

AL_AL-
2000x2100mm-EI60 

Architectural 
Floors  

Type Name RP-AR-
(FLRS|LOAD|LNDG|ROAD|TRRN|ROOF|RFLR|

DRPN|RFSL|PVNG|SLTH|FOOT|FLRM|PATH|FL
RI|HIBD|CMFL|FNDB|SLED|GRNR)(-

(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G
V|SC|TR|TI|CT|FO|CO))??((-|_)[0-

9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|
WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_

XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-
9]*mm 

RP-AR-LOAD-PQ-
150mm 

Structural Floors 
(slabs) 

Type Name RP-ST-
(FLRS|LOAD|LNDG|ROAD|TRRN|ROOF|RFLR|

DRPN|RFSL|PVNG|SLTH|FOOT|FLRM|PATH|FL
RI|HIBD|CMFL|FNDB|SLED|GRNR)(-

(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G
V|SC|TR|TI|CT|FO|CO))??((-|_)[0-

9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|
WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_

XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-
9]*mm 

RP-ST-FLRS-RC-
200mm 
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Furniture Family Name RP-AR-Furniture-[A-za-z]*-.* RP-AR-Furniture-
Table 

Type Name [A-za-z]*??-??[0-9](x[0-9]*){0,2}mm 400*500mm 
Equipment Family Name RP-AR-SPEQ-.* RP-AR-SPEQ-

External_Curtain 
Type Name [A-za-z]*??-??[0-9](x[0-9]*){0,2}mm 1200*1000mm 

Plumbing 
Fixtures 

Family Name RP-AR-PLUM-* RP-AR-PLUM-Sink 
Type Name [A-za-z]*??-??[0-9](x[0-9]*){0,2}mm 1200*1000mm 

Exterior 
Railings, 

guardrails, and 
handrails 

Type Name RP-AR-RALG-
(PL|NA|WD|AL|GL)(_(PL|NA|WD|AL|GL))??-

([0-9]*x[0-9]*mm|[0-9]*mm)??(-[A-Za-z0-
9])??(-M3-R2[0-5])?? 

RP-AR-RALG-AL_GL-
40mm 

Roof Type Name RP-AR-ROOF(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-

9]*mm 

RP-AR-GB-20mm 

Structural Stairs Type Name RP-ST-STAR(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TIT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-

9]*mm 

RP-ST-RC-
1800x300x166mm 

Structural Stairs 
Run 

Type Name RP-ST-RUN(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-

9]*mm 

RP-ST-RUN-RC-
40mm 

Structural Stairs 
Landings 

Type Name RP-ST-LNDG(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-9]x[0-

9]*x[0-9]*mm 

RP-ST-LNDG-RC-
40mm 

Finishing Stairs Type Name RP-AR-STAR(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-9]x[0-

9]*x[0-9]*mm 

RP-AR-RUN-CR-
1700x2800x150mm 

Finishing Stairs 
Run 

Type Name RP-AR-RUN(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-

9]*mm 

RP-AR-RUN-CR-
40mm 

Finishing Stairs 
Landings 

Type Name RP-AR-LNDG(-
(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|WC|G

RP-AR-LNDG-CR-
40mm 
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V|SC|TR|TI|CT|FO|CO))??((-|_)[0-
9]*x(RC|AC|EP|CR|VI|PQ|PV|TX|AS|GR|PT|

WC|GV|SC|TR|TI|CT|FO|CO))*?(_PRE|_CLT|_
XPS|_EPS|_MNW|_PRQ|_CMP)??(-|_)[0-

9]*mm 
Structural 
Columns 

Family Name RP-ST-STCL-(Rectangular|Round|IPE|HEA)(-
(Forks|Drop_Panel))??(-M3-R2[0-5])?? 

RP-ST-STCL-
Rectangular-M3-

R20 
Type Name (WD|RC|ST-HEA|ST-IEP)-[0-9]*x[0-9]*mm RC-40x60mm 

Structural 
Framing 

Family Name RP-ST-STFR-
(Rectangular|L|I|T|Inverted_T|Aastho|IPE|HE

A)(-
(Tapered|Varying_SectionDapped_End))??(-

FB)??(-M3-R2[0-5])?? 

RP-ST-STFR-
Rectangular-M3-

R20 

Type Name ((Beam|Tie_Beam|Bond|Console)-
)??(WD|RC|ST-HEA|ST-IEP)-[0-9]*x[0-9]*((x[0-

9]*mm)|mm) 

Bond-RC-
150x150mm 

Structural 
Foundation 

Family Name RP-ST-(PFND|TRNS)(-
(Precast_Footing|Precast_Pocket|Precast_Wall
))??-(Simple|Sloped|Single|Double)(-M3-R2[0-

5])?? 

RP-ST-PFND-
Precast_Pocket-
Simple-M3-R20 

Type Name 
(System 
Family) 

RP-ST-FNDS-RC-([0-9]*mm|[0-9]*x[0-9]*x[0-
9]*mm) 

RP-ST-FNDS-RC-
500mm 

Type Name 
(Loadable 
Family) 

RC-([0-9]*mm|[0-9]*x[0-9]*x[0-9]*mm) RC-
2500x2500x1100m

m 
Shear/ Retaining 

Walls 
Type Name RP-ST-

(WALL|DRYW|PEDW|PARW|WCOV|WFIN|WI
NS|CURW|STFC|WFAC|FCOV|CLNW|CLNC|CA

SC|LUVR)(-
(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|MM|PL

|TI|FO|FI|PS|AP|HI|PI|TX))??((-|_)[0-
9]*x(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|M
M|PL|TI|FO|FI|PS|AP|HI|PI|TX))*?(_PRE|_CL
T|_XPS|_EPS|_MNW|_PIR|_MDF|_ACS|_ACM
|_BTM|_STF|_PVC|_AQU|_VIS|_WTR|_HPL)?

?(-|_)[0-9]*mm 

RP-ST-WALL-
RC_PRE-200mm 

Bearing walls Type Name RP-ST-
(WALL|DRYW|PEDW|PARW|WCOV|WFIN|WI
NS|CURW|STFC|WFAC|FCOV|CLNW|CLNC|CA

SC|LUVR)(-
(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|MM|PL

|TI|FO|FI|PS|AP|HI|PI|TX))??((-|_)[0-
9]*x(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|M
M|PL|TI|FO|FI|PS|AP|HI|PI|TX))*?(_PRE|_CL
T|_XPS|_EPS|_MNW|_PIR|_MDF|_ACS|_ACM
|_BTM|_STF|_PVC|_AQU|_VIS|_WTR|_HPL)?

?(-|_)[0-9]*mm 

RP-ST-PEDW-RC-
250mm 

Interior Wall 
(Partition 

Interior Wall / 
Finishing Wall/..) 

Type Name RP-AR-
(WALL|DRYW|PEDW|PARW|WCOV|WFIN|WI
NS|STFC|WFAC|FCOV|CLNW|CLNC|CASC|LUV

R)(-
(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|MM|PL

|TI|FO|FI|PS|AP|HI|PI|TX))??((-|_)[0-
9]*x(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|M

RP-AR-PARW-
20xPS_100xAC_20x

PS-240mm 
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M|PL|TI|FO|FI|PS|AP|HI|PI|TX))*?(_PRE|_CL
T|_XPS|_EPS|_MNW|_PIR|_MDF|_ACS|_ACM
|_BTM|_STF|_PVC|_AQU|_VIS|_WTR|_HPL)?

?(-|_)[0-9]*mm 
Exterior Walls Type Name RP-AR-

(WALL|DRYW|PEDW|PARW|WCOV|WFIN|WI
NS|STFC|WFAC|FCOV|CLNW|CLNC|CASC|LUV

R)(-
(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|MM|PL

|TI|FO|FI|PS|AP|HI|PI|TX))??((-|_)[0-
9]*x(RC|CB|AC|WD|SN|GB|BR|PT|GL|CR|M
M|PL|TI|FO|FI|PS|AP|HI|PI|TX))*?(_PRE|_CL
T|_XPS|_EPS|_MNW|_PIR|_MDF|_ACS|_ACM
|_BTM|_STF|_PVC|_AQU|_VIS|_WTR|_HPL)?

?(-|_)[0-9]*mm 

RP-AR-WINS-MW-
150mm 

Windows Family Name RP-AR-
(SGLW|SNRW|SNPW|SKLT|DBLW|DBCW 

|TRPW|LVRW)-
(Swing|Sliding|Still|Hung|Swing_Pivot|Awning

)-(Cen|NA|Cor)-
??(w_Toplight|w_Sidelight|w_Undelight|w_Si

delight_Underlight)??(-M3-R2[0-5])?? 

RP-AR-SGLW-
Swing-Cen-

w_Toplight-M3-R22 

Type Name (PL|NA|WD|AL)(-[0-9]*x[0-9]*mm)??(-[A-Za-
z0-9])?? 

WD-900x900mm 

    
Material List  RP-(Beton|Izolacija_Toplotna|Site|Plošča| 

Jeklo)(-
(Armirani|XPS|Mineralna_Volna|Zazelenitev|
Mavčnokartonska| Konstrukcijsko))??(-[0-

9]*mm)?? 
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