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ABSTRACT: 
Digitalisation is transforming the way the construction industry handles regulations and project data. While recent research using ontologies and standardised frameworks have advanced rule-checking, they often focus on single projects and fall short when sharing knowledge across multiple or ongoing projects. This paper presents a practical, lifecycle-oriented approach that combines ontologies, Information Delivery Manuals (IDM), and Model View Definitions (MVD) to help structure, check, and pass on project requirements through different planning stages. A prototype developed for road infrastructure planning shows how project data can be validated using digital rules, exchanged through familiar formats like CSV and XML, and formalised using mvdXML for later use in design tools. The approach can also be applied across disciplines, such as technical building services, where similar challenges exist. The results highlight how structured, rule-based information management can make planning more reliable, transparent, and reusable, ultimately supporting better decisions across projects.
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1. INTRODUCTION 
The digital transformation of the construction industry is changing how regulatory requirements and project information are handled. Increasingly, digital tools are being used to represent and check rules in ways that both humans and machines can understand (Tomczak, A., et.al., 2022). While these approaches have improved individual project workflows, they are often inadequate when it comes to reusing information across multiple or ongoing projects, a reality faced by many asset owners and planning companies (Wogan, M., et.al., 2024).
Although much of the focus has been on large infrastructure projects like roads and rail networks, similar challenges exist within buildings, especially in the planning of technical building services. These systems often span multiple phases and require coordination across various functional areas while also needing to stay in line with changing regulations and client expectations. This creates a need for tools that not only support digital compliance checking but also allow project knowledge to be reused over time. 
Currently, there are no widely adopted integrated frameworks that facilitate the structuring of project information, its validation against digital rules, and its handover across different lifecycle stages in a standardised and traceable manner. To address this gap, this paper proposes a lifecycle-oriented method that brings together ontologies and standardised information exchange protocols. The goal is to embed rule-based processes directly into the planning workflow by ensuring consistency, interoperability, and regulatory compliance from early planning through to execution.
The method includes several key steps: structuring requirements using Information Delivery Manuals (IDMs), exchanging information using familiar formats such as Comma-separated values (CSV) and Extensible Markup Language (XML), checking data against digital rules using semantic queries (Vaatz, A., et.al., 2023), and finally, translating the results into Model View Definitions (MVDs) for use in design and verification tools (Weise, M., et.al., 2016).
The approach is guided by three key research questions:
1. What kind of information needs to be stored, and how can it be structured for use throughout the project lifecycle?
2. How can rules and regulations be digitally encoded as ontologies and used to check project-specific data?
3. How can validated requirements be transformed into formats that design tools can understand and work with?
To explore these questions, the paper presents a prototypical implementation developed for road infrastructure planning and theoretically extends the findings to technical building services. The results show that rule-based, structured information management has the potential to make planning more transparent, reusable, and future-proof, ultimately facilitating teams to make better decisions across a project's entire lifecycle.

2. METHODOLOGY
This chapter explores the methodology developed throughout this research. It focuses on how different elements, such as digital rules, structured data formats, and day-to-day planning workflows, can work together to make the construction planning process and decisions more manageable and precise. At its core is the idea of digital rule-based systems, especially those built on ontologies, which can simplify complex planning decisions and improve transparency. 
The project builds on earlier attempts to digitise traditional rulebooks and takes things a step further by aiming to adhere to the definition of Level 4 digitalisation as mentioned in Szenarien zur Digitalisierung der Normung und Normen (2021). The methodology builds on existing work that aims to digitise regulatory content. However, it goes further by embedding these digital rules into a repeatable, cross-project framework that aligns with the principles of the Total Life Cycle Process (TLCP) (Mohan, N., et.al., 2023), and it draws from the ontology-driven rule-checking methods.
The method strongly emphasises structured data formats, iterative compliance checks, and integration with openBIM (Open Building Information Modelling) standards such as Industry Foundation Class (IFC), IDM, and mvdXML. These components form a closed-loop system that enables information to be captured, validated, reused, and transferred seamlessly across project stages and stakeholders.

2.1 Artefact Development
Since Level 4 digitalisation is still rare in practice, this approach began by taking a familiar set of planning rules and turning them into a digital, machine-readable format. The chosen rulebook was the "Richtlinien für die Anlage von Stadtstrassen" (RASt)—the German guidelines for designing urban streets. These rules were selected because they have a logical structure, particularly in handling standard cross-sections, but also show some of the typical challenges found in German regulations. For example, they include circular references and conditional requirements that make interpretation complex. These characteristics made RASt an ideal candidate for demonstrating how ontologies can benefit the process.
Instead of using a traditional approach, an ontology-based approach is used to represent the logic of RASt (Wogan, M., et.al., 2024). This made it possible to model rules in a flexible way that can handle uncertainties and conditions without causing system errors. Ontologies are particularly well-suited for this because they are both human- and machine-readable and can represent not just what is explicitly stated but also relationships and inferences that usually require expert judgment (Munir, K., & Anjum, M., 2018). This makes them advantageous not only for automation but also for involving non-experts or stakeholders in early planning, including citizens. 
The ontology was built by translating individual rule statements into fundamental propositions and connecting them using semantic relations. Once the ontology was in place, queries could be run against it to check whether confident design choices comply with RASt or to highlight missing dependencies. The knowledge base can be extended, linked with other ontologies, or reused across different projects (Chandrasekaran, B., et.al., 1999; Noy & McGuinness, 2001).
A typical information-handling scenario was used to conceptualise this approach in everyday practice. In such a scenario, a planner or team member receives a new piece of information, which must then be:
 i) documented
 ii) understood 
iii) processed
iv) used to make a decision
v) passed on if needed.
While this seems simple, in practice, many of these steps, mainly documentation, are skipped or handled inconsistently. This can make decisions hard to follow later. For the sake of this research, it is assumed that such problems are addressed with the help of a digital project platform, which allows teams to record and structure incoming information quickly. 
The methodology relies on the TLCP model to make this information usable across a project's lifecycle. A key concept here is the Level of Information Need (LOIN), which sets out what type of information is required, how detailed it needs to be, and when it should be delivered. According to DIN EN 17412-1, LOIN includes three data types: geometric, alphanumeric, and documentation.
The artefact development process was adapted to match the needs of early-phase infrastructure planning using RASt and simple input formats to reflect the use case and make the methodology more grounded in actual planning practice.
1. Initial Data Collection and Structuring: Planners began by recording a small set of initial project inputs, for example, road category, traffic volumes, and design constraints—using a straightforward Excel-based interface. The information was based on IDM logic and the project's ontology model. The goal at this stage was to make it easy for users to provide planning input without requiring specialised software.
2. Information Exchange Simulation: The data was exported in CSV format. CSV was chosen for its simplicity and user familiarity. Since most team members had essential Excel experience, the LOIN-based requirement matrix was also created and shared in this format. This step simulated how such data might be passed into a Common Data Environment (CDE) in a real-world scenario.
3. Initial Compliance Checking: The exported CSV was evaluated against the RASt-based ontology. The system checked for missing fields (e.g. design speed not provided), flagged inconsistencies (e.g. road width too narrow), and returned structured feedback. This validation confirmed whether the design inputs met the specified rules or required revision.
4. Rule Integration into Planning Workflow: The validated information was forwarded to the planning team as a feedback report and used as input for further design development. Although direct integration into a BIM tool was not implemented, this handoff marked the point where semantic validation results could influence design decisions.
5. MVD Export: Validated requirements are optionally translated into MVD using mvdXML. This formalises the compliance criteria for IFC-based model checking, ensuring that digital models can be validated against verified planning logic.
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Figure 1: IDM/MVD methodology of determining the requirements and their technical implementation in a data model of choice – here, IFC. 

This process illustrates how even minimal early-stage inputs—when semantically structured—can be iteratively validated, reused across lifecycles, and serve as the foundation for standards-compliant digital planning workflows. The end-to-end lifecycle of this process—from requirement definition, transformation, modelling, and quality assurance—is illustrated in Figure 1. It highlights how data flows from an IDM to an MVD, into an IFC-based planning environment, and back through Query QA loops for validation against use case-specific constraints. This serves as a reference model for implementing the methodology across various domains and project stages.

3. USE CASE
The methodology is validated for its function using a proof of concept implementation and practical example. The aim of this section is not only to demonstrate the technical feasibility but also to identify the resulting changes in the planning process and the resulting advantages.  
To evaluate the methodology in a real-world context, a prototypical use case was implemented using a common scenario from urban road planning. Many different stakeholders and interest groups are usually involved in the planning of road infrastructure. This means that a large number of requirements have to be coordinated, decided and documented during the planning process. This use case directly reflects the generalised five-step artefact development process introduced in Section 2.1, from initial requirement capture in CSV format through ontology-based compliance checking to preparation of rule-based model verification using MVD structures. The aim was not only to demonstrate the technical feasibility of ontology-based rule checking but also to illustrate how it could reshape planning workflows, improve traceability, and support more informed decisions.

3.1 Ontology-based compliance checking
In this simplified example, it was assumed that the requirements for the road space were defined as part of a planning process. As depicted in Figure 2, the scenario centred on planning a neighbourhood street (Entwurfsklasse: 4.3_Quartiersstraße) with public transport (ÖPNV: true), a traffic volume of 870 vehicles per day, and a speed limit of 50 km/h. 

Entwurfsklasse; 4.3_Quartiersstrasse
OePNV; true
Verkehrsstaerke; 870  [Kfz/Tag]
ZulaessigeGeschwindigkeit; 50 [km/h]

Figure 2: Unchecked CSV requirements.

Even before planning begins, the requirements for the new road must be defined. These can be defined as simple key-value pairs in a CSV file. Even at this early planning stage, the aim is to obtain feedback on feasibility based on existing regulations. The checking tool uses the RASt mapped as an ontology and checks the transferred requirements against it. This example has been simplified by omitting several other requirements for the visualisation. The check tool queries the attributes and values specified in the RASt for the neighbourhood street design class from the ontology. The attributes and values are compared with the requirements in the CSV, and the user receives feedback on which values do not match the guideline or whether attributes are missing. In the prototype, however, the guideline stipulates a maximum traffic volume of 1000 vehicles per day. This automated comparison is not yet possible because the RASt and most other guidelines are available in text form (as a PDF or print medium). A digitalisation of the directive with the requirements as a relational database would also be sufficient for the previous comparison. However, this would result in the loss of some implicit expert knowledge for understanding the guideline requirements. In ontologies, such knowledge can be mapped well through the node-edge relationships. In addition, the queries can be designed very generically. The prototype, therefore, queries the ontology for implicit information that is not taken into account when creating the street based only on the requirements of the design class. The user receives further information about dependencies that arise when dimensioning the street. In this example, the user gets the requirement that he must plan for a carriageway lane width of at least 3.0 metres. Furthermore, the user receives suggestions on other design classes that are better suited to his requirements in order to be given alternative ideas. Using these methods, strict thought patterns could be broken in order to utilise the diversity of the guidelines and create different or new street concepts. In addition, the user receives the information that a crossing aid for pedestrians could be planned into the cross-section in this example.

Entwurfsklasse; 4.3_Quartiersstrasse  
OePNV; true  
Verkehrsstaerke; 1000  
ZulaessigeGeschwindigkeit; 50
FahrbahnStreifenbreite; 3.5
Ueberquerungsanlage; true  
                                     
Figure 3: Validated CSV requirements.

In the prototype, the user now has the opportunity to adapt their requirements based on the suggestions in the CSV file and recheck them (See Figure 3). This process can be carried out iteratively until the designer receives a valid file filled with rule-compliant requirements. The validated file created is now stored as a ‘knowledge memory’ for the project and used for the further planning process. If there are other changes in the planning process, this process will be repeated. All previously validated CSV files are stored as a knowledge archive so that the planning process can be retraced and parallel versions (variant comparison) can be carried out if necessary. Within the TLCP framework, this approach prioritises information over models, positioning validated requirements as reusable knowledge artefacts that guide future planning processes.

3.2 Model view definition
As presented in Figure 1, an MVD encapsulates the data-model-independent requirements from an IDM mapped to a chosen data model, e.g. IFC. Transferring the planning parameters to a design software was discussed as part of this work but has not been pursued as a prototype. To this end, the respective interfaces in the planning tools need to be examined more closely, and appropriate agreements must be made with manufacturers that do not have open interfaces and public   
[image: ]Figure 4: Depiction of the “Classification for Objects” ConceptTemplate from Reference View 1.2 (bSI, 2020).
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documentation. Initial coordination has already been carried out and will be discussed in a further publication. 

Serialisation as mvdXML

There are multiple possibilities for the serialisation of MVD rules available. This contribution employs mvdXML instead of the more popular Information Delivery Specification (IDS) since the former allows for more expressiveness in its grammar for complex rule sets than the latter (Jaud, S., et.al., 2024). The following descriptions of mvdXML are based on the official documentation (Chipman, T., et.al., 2016) as well as based upon (Weise, M., et.al., (2016). These files were then used to generate Model View Definitions (MVDs), encoded in mvdXML. This step corresponds directly to Step 5 of the artefact development methodology described in Section 2.1.
An mvdXML contains the following main elements:
1. ModelView represents the top node of the mvdXML dataset. It includes multiple View elements, the main container for exchange requirements and concept roots.
2. ExchangeRequirement carries data that is relevant to a specific use case.
3. ConceptRoot represents a collection of constraints for a selection of objects of the type denoted with the applicableRootEntity attribute.
4. Applicability defines the rules by which objects are selected from the model.
5. Applicability and concept elements that configure the constraints. 
6. TemplateRules collects TemplateRule objects combined using boolean logic.
7. TemplateRule provides the parameters needed to configure the templates and denote the type of checks, following a specialised grammar.
For example, Figure 4 shows the template “Classification for Objects”, which provides the means necessary to query an object's type according to the given classification (bSI, 2020). 

<?xml version="1.0"?>
<ConceptTemplate 
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
 xmlns:xsd="http://www.w3.org/2001/XMLSchema"
 uuid="21359513-b753-4914-bb53-da414118e5ca"
 name="Classification for Objects" 
 status="sample" 
 applicableSchema="IFC4" 
 applicableEntity="IfcObject">
 <Rules>
  <AttributeRule AttributeName="HasAssociations">
   <EntityRules>
   <EntityRule
    EntityName="IfcRelAssociatesClassification">
    <AttributeRules>
    <AttributeRule RuleID="RelName"
     AttributeName="Name"/>
    <AttributeRule
     AttributeName="RelatingClassification">
     <EntityRules>
     <EntityRule
      EntityName="IfcClassificationReference">
      <AttributeRules>
      <AttributeRule RuleID="Identification"
       AttributeName="Identification"/>
      <AttributeRule RuleID="Name"
       AttributeName="Name"/>
      <AttributeRule AttributeName="Description"/>
      <AttributeRule AttributeName="ReferencedSource">
       <EntityRules>
       <EntityRule EntityName="IfcClassification">
        <AttributeRules>
        <AttributeRule RuleID="ClassificationSource"
         AttributeName="Source"/>
        <AttributeRule RuleID="ClassificationName"
         AttributeName="Name"/>
<!-- truncated -->

Figure 5: Excerpt of XML serialisation of the ConceptTemplate mentioned in Figure 4

Figure 5 illustrates an excerpt of the mvdXML serialisation of the same template. It is to be noted  that using the “RuleID” attribute, the attributes named “Name” of various entities can still be uniquely selected for use in rule specification. To complete the example, Figure 6 presents the checking rules selecting all IfcRoad objects, which are classified as “4.3_Quartiersstrasse” according  to the RASt classification within the IFC dataset, following the specialised mvdXML grammar.

<ConceptRoot applicableRootEntity="IfcRoad" uuid=...>
 <Applicability>
  <Template
   ref="21359513-b753-4914-bb53-da414118e5ca"/>
  <TemplateRules operator="or">
   <TemplateRule 
    Parameters="Name[Value]='4.3_Quartiersstrasse'
     AND ClassificationName[Value]='RASt'" />
  </TemplateRules>
 </Applicability>
 <Concepts>
  <!-- specification of checks as required →
 </Concepts>
</ConceptRoot>

Figure 6: XML excerpt of ConceptRoot and Applicability nodes which encode the rule parameters for selecting all road objects classified as “4.3_Quartiersstrasse”. Some attributes of nodes left out for brevity.

Prototyping
Following the process in Figure 7, we take the validated requirements and translate them to mvdXML rulesets. To achieve this, an in-depth knowledge about the IFC data schema and specification is required (Jaud, S., et.al., 2024). For each of the individual requirements the following steps are performed: 
1. Identify the most fitting functional block. For this, IFC Specification was studied in detail, in particular the fundamental concepts and assumptions. The result of this step is a selected Concept Template.
2. Next, the most appropriate applicable entity is identified, for which the Concept Template can be used. Here, we follow both the General Usage and Reference View MVDs as put forward by bSI (2020).
3. Any limitations, specific values, and type criteria are translated into rule grammar, which configures and further specifies the ConceptTemplate chosen under 1.
A broader set of requirements were mapped to the IFC schema using ConceptTemplates. These mappings are summarised in Table 1 and show how planning attributes can be formalised as machine-readable, checkable rules.
 


Table 1: The resulting functional units (ConceptTemplate), applicable objects (ApplicableEntity), and further customisation
	Requirement
	Concept Template
	Applicable Entity
	Parameters

	Entwurfsklasse
	Classification for Objects
	IfcRoad
	See Figure 5 and 6

	OePNV
	Property for Objects
	IfcRoadPart.ROADSEGMENT
	PsetName = “RASt_Pset” AND Name = “OePNV”

	Verkehrsstaerke
	Property for Objects
	IfcRoadPart.ROADSEGMENT
	PsetName = “Pset_RoadDesignCriteriaCommon” AND Name = “DesignTrafficVolume”

	ZulaessigeGeschwindigkeit
	Property for Objects
	IfcRoadPart.ROADSEGMENT
	PsetName = “Pset_RoadDesignCriteriaCommon” AND Name = “DesignSpeed”

	FahrbahnStreifenBreite
	Property for Objects
	IfcRoad, IfcRoadPart.ROADSEGMENT
	PsetName = “Pset_RoadDesignCriteriaCommon” AND Name = “LaneWidth”

	Ueberquerundsanlage
	Spatial Decomposition
	IfcRoad
	Type = IfcRoadPart.PEDESTRIAN_CROSSING

	Relationship
	Spatial Composition
	IfcRoadPart.ROADSEGMENT
	Type = IfcRoad
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Figure 7: Schematic illustration of prototype Use-Case

The rules can be employed to automatically check the validity of the exported IFC datasets against the requirements. Once the planner has completed his design process, the MVD can be used to check whether the original requirements have been correctly implemented in the planning. This entire process is repeated until the client has the desired result. 
This use case confirms that even minimal, early-phase data—when structured semantically—can inform IFC-based model validation and serve as a foundation for iterative, traceable, and standards-compliant planning.

3.3 Cross-domain compatibility
While the use case focused on road infrastructure, the methodology is equally relevant to technical building services , reinforcing the lifecycle reuse potential described in Section 2.1. One compelling example is the handover of drinking water systems from contractors to facility managers during construction phases 8–9 (LPH 8–9 according to Fee Structure for Architects and Engineers, Germany). In such scenarios, requirements like flushing protocols, hygiene reports, and documentation of pipe strands must be delivered in a structured and verifiable manner. By applying the same ontology-based validation approach, contractors could define these handover requirements in CSV format, validate them against digitally structured hygiene standards (e.g., DIN 1988, DVGW), and prepare them for integration into Computer-aided Facility Management (CAFM) or BIM-based FM tools. As with the RASt use case, semantic checks would ensure completeness, highlight missing documentation (e.g., missing test results), and improve traceability of operational readiness across systems. This extension demonstrates how validated requirements, once captured and structured, can be reused throughout a building’s operational lifecycle aligning with the TLCP approach and reducing redundancy across planning, commissioning, and facility management phases.
A potential technical building service-specific workflow could mirror the five-step artefact development process presented in Section 2.1. First, contractors would begin by entering key handover parameters such as flushing schedule, documentation of thermal disinfection, or certification of hygiene tests into a structured Excel or CSV form. In the second step, this information would be exported for validation against an ontology reflecting hygiene-related regulatory frameworks (e.g., DIN 1988, VDI 6023, or DVGW standards). During the third step, the validation tool could flag incomplete or inconsistent records such as missing test protocols for individual pipe strands or inadequate flushing durations and return actionable feedback.
Once validated, these requirements would then be forwarded to commissioning stakeholder and facility managers (Step 4), who could review or supplement the inputs during on-site acceptance. Finally, the validated handover dataset could be transformed into an MVD schema (Step 5), linking requirements directly to IFC entities such as IfcSystem, IfcPipeSegment, or IfcDistributionControlElement. This would allow rule-based verification to continue in downstream BIM/FM environments and help document readiness for operations in a traceable, standards-compliant manner.
This adaptation of the approach shows how domain-specific knowledge when structured semantically and paired with digital verification techniques can enhance reliability and efficiency even in complex handover phases like those found in building services.

4. CONCLUSION / DISCUSSION
This paper has demonstrated how digital knowledge representation and semantic rule-checking can enhance the planning processes within the construction industry. By translating regulatory content into structured, machine-readable formats using ontologies, the proposed approach supports a more consistent, transparent, and traceable planning workflow particularly during the early phases of infrastructure development.
Current practices, which rely heavily on unstructured communication channels such as email and undocumented decision-making, often fail to capture the full context and interdependencies of planning information. In contrast, the proposed method formalises these elements into reusable knowledge artefacts, validated against domain-specific regulations and structured according to lifecycle-oriented data needs. This significantly improves the reliability and auditability of planning decisions.
The RASt ontology developed in this study represents an initial experimental model. For broader applicability, regulatory bodies and expert committees should collaboratively formalise these types of rule sets into linked, machine-readable formats ideally designed with interoperability in mind from the outset. Direct connections to established data models such as IFC would eliminate redundant mapping steps and allow for seamless integration with existing BIM workflows.
Although the creation of the MVD in this study involved considerable manual effort, it demonstrates the feasibility of linking ontology-driven rules to IFC-based verification. The envisioned "MVD-OWL" extension could offer a more scalable solution by directly connecting regulatory requirements with IFC schema definitions, thereby automating large parts of the model-checking process.
The prototype developed here is deliberately simplified and intended as a proof of concept. Real-world implementation will require further refinement of rule sets, extension across domains such as technical building services, and seamless integration into planning tools. Nonetheless, the work highlights the potential of semantic, lifecycle-oriented planning approaches to support more robust, reusable, and future-proof decision-making across projects. 
Importantly, this approach can be applied across all phases of a project from early feasibility assessments to final commissioning enabling consistent use of digital rule sets throughout the lifecycle. This aligns directly with the TLCP, which emphasises continuity, transparency, and traceability of planning knowledge across phases and stakeholders. By capturing and validating requirements in semantically structured formats, and linking them to verifiable model outputs, the proposed methodology ensures that planning artefacts are not isolated to a single phase or tool but remain reusable, verifiable, and adaptable throughout the life of a built asset. With further development, such a framework could serve as the foundation for future data-driven regulatory compliance and model based verification processes in the AEC industry.
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