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Abstract
The growing demand for sustainable infrastructure management highlights the need for effective integration and
utilization of diagnostic data. This research examines the application of Linked Data principles in the construction
industry, proposing a framework that may replace traditional workflows with modern semantic data approaches.
The study investigates the potential of Linked Data methodologies within the context of structural diagnostics,
emphasizing the role of ontologies in enhancing the semantic representation of diagnostic processes. Addressing
interoperability and reusability challenges, the present work focuses on developing workflows that manage
and leverage Linked Data, the integration of ontologies, and the implementation of API-driven data retrieval.
The proposed approach comprises ontology design, data modeling, and software development methods. The
Structural Information Ontology (SIO) is defined to provide a semantic framework for diagnostic processes, while
the Information Container for Linked Document Delivery (ICDD) ensures an effective data organization. A
prototype API is developed to enable the querying and processing of containerized data, validated through a
non-destructive test employed for bridge inspections. The findings show that the proposed workflow effectively
integrates and queries structural diagnostics data using Linked Data principles. Moreover, the SIO ontology
is proven to be modular and extensible, supporting flexible semantic representations. It is shown that the API
facilitates efficient data extraction and processing, highlighting data traceability and decision-making capabilities
of the proposed framework. This research advocates for the adoption of Linked Data methods in the construction
industry by introducing a scalable and interoperable framework for data relevant to structural diagnostics, paving
the way for improved semantic data integration and consequently for a sustainable infrastructure management.
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1. Introduction

Engineering structures as vital components of modern infrastructure play a pivotal role for an effective
economy and a functional civilization. Therefore, ensuring a reliable performance and an extended
service life of the built environment, e.g., of transportation networks and power plants, is of crucial
importance. To this end, maintenance management strategies are employed to achieve long-term
durability, balancing criteria relevant to the cost efficiency, service life and environmental sustainability
of the infrastructure.
As essential tools for maintenance management projects, structural diagnostics and inspection

tests can provide a wide range of structural information, such as information corresponding to the
structural integrity (i.e. the as-is state), the remaining service life of a structure, and requirements
for reconstruction processes. Moreover, structural diagnostics methods help to prevent costly and
unsustainable replacements. Inspection tests comprise on-site assessments and laboratory tests that
are typically conducted in accordance with established guidelines and national standards, e.g., the DIN
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1076 [1] Standard in Germany. Data collected from inspection tests serve as the basis for delivering
assessment reports and decision-making instructions relevant to maintaining structural integrity and
ensuring public safety.

Structural diagnostics and inspection tests are conducted at discrete time intervals and often employ
non-destructive testing (NDT) methods, such as visual inspections and ultrasonic measurements. In
addition, destructive testing (DT) techniques that entail the removal of small samples for analysis either
on site or in a laboratory are commonly used in diagnostics projects.
The increasing number of diagnostics projects for the aging infrastructure globally, as well as the

growing demand for sustainable construction practices necessitate the modernization and digitalization
of inspection workflows. Despite the importance, many inspection workflows are currently conducted
through analog and manual processes with little integration of digital tools for data management.
Consequently, inspection data are being recorded in diverse and isolated formats that are difficult to
reuse or analyze, increasing the risk of information loss. Recent advances in Building Information
Modeling (BIM) may offer solutions to overcome challenges associated with the digitalization of
inspection workflows. Additionally, leveraging Linked Data concepts for collected inspection data
provides the potential to dynamically share cross-divisional structural information and to present a
comprehensive overview of as-is states.
This paper introduces a framework for digitalization of inspection workflows, with the goal of

improving accessibility and reusability of inspection data. For a seamless integration of heterogeneous
inspection data and to ensure semantic interoperability of data formats involved in inspection workflows,
the Structural Information Ontology (SIO) is developed. The SIO provides the basis for storing inspection
data in linked data containers. Moreover, an authoring application for reading and creating linked
data containers in alignment with the ISO 21597 [2, 3] Standard is introduced. Lastly, an application
programming interface (API) is presented that can access and query data from linked data containers.

2. Background and related work

2.1. Semantic Web frameworks

A semantic triple is a core data model in the Semantic Web [4]. It comprises three elements: the subject
(the resource being described), the predicate (the relationship or property), and the object (a literal value
or another resource). These triples are defined using the Resource Description Framework (RDF), which
structures data for machine readability. The definition of each instantiated component is expressed
through the use of HTTP URIs, which facilitates their unique identification. A triplestore is a database
that stores, manages, and queries semantic triples. By leveraging RDF and its subject–predicate–object
model, triplestores enable the integration and retrieval of semantically rich information from various
sources.

Ontologies are a formalized and structured representation of knowledge within a particular domain.
An ontology defines terms, their meanings and the relationships between them, thereby facilitating a
common understanding and interoperability between systems. Ontologies are frequently employed in
the field of computer science, particularly within the context of the Semantic Web, with the objective of
rendering machine-readable and linkable data [5].
The RDF Schema (RDFS) provides a straightforward model for the description of hierarchies and

types within ontologies. As an extension of the RDF, RDFS defines fundamental concepts such as
classes, properties and relationships, thereby enabling developers to construct rudimentary knowledge
structures [6].

Building upon RDFS, the Web Ontology Language (OWL) is employed to delineate more intricate and
logically exact relationships. It is frequently employed, when more rigorous modeling requirements are
necessary, i.e. via defining constraints, cardinalities or class operations [7].

A variety of query languages have been developed to facilitate the aggregation of information from
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data structured according to standardised schemas. Among these, SPARQL1, endorsed by the World
Wide Web Consortium (W3C), emerged as the leading standard, effectively replacing earlier languages
such as RDQL and SeRQL. In parallel, the openCypher2 initiative has introduced a compelling alternative
to SPARQL. Initially designed by Neo4j Inc. for adopting graph databases, the Cypher query language
was subsequently made available through the OpenCypher initiative [8]. This transition has expanded
its applicability across diverse platforms, establishing Cypher as a competitive and versatile option
within the field of query languages.

2.2. Ontologies for the AECO industry

A variety of specialized ontologies are available for applications in the Architecture, Engineering, Con-
struction and Operation (AECO) industry. In the construction sector, ontologies are created to address
diverse tasks and data requirements that arise across different phases and domains of construction
projects. Ontologies may focus on distinct areas of expertise, including spatial modeling (e.g., the
Building Topology Ontology (BOT) [9] and Brick Ontology [10]), process and building management
(e.g., RealEstateCore [11], Org [12], and the Financial Industry Business Ontology (FIBO) [13]), sensor
integration (e.g., the Semantic Sensor Network Ontology (SSN) [14] and its lightweight counterpart
(SOSA) [15]), and data exchange (e.g., the Information Container for Linked Document Delivery (ICDD)
[2, 3], ifcOWL [16], and DCAT2 [17]).

In the domain of data integration and the provision of building-related information, several scientific
contributions have focused on ontologies specifically designed to support the storage, annotation, and
dissemination of sensor-generated data. Notable examples include approaches targeting structural
health monitoring, which emphasize the semantic modeling of sensor networks and the interpretation
of measurement data [18, 19, 20]. In addition, other research efforts have proposed ontologies for
representing surface-level damage in structural elements [21], as well as for describing material testing
procedures and the characterization of their specific properties [22]. Furthermore, some ontologies
have been developed to capture and formalize the repair and rehabilitation processes themselves [23],
thereby extending semantic modeling to include maintenance and operational workflows.
While many of these ontologies are used independently, there are instances, where ontologies are

linked to one another, enabling cross-domain modeling. However, not all ontologies are aligned with
one another, which can leave gaps in information and definitions, reducing the overall effectiveness of
the semantic integration. Furthermore, aligning multiple ontologies is a complex task, particularly when
the semantic integration is required across different knowledge domains. Establishing connections
between ontologies for every use case is often impractical and inefficient.

To address this challenge, the Design and Construction Ontology (DICON) was developed as a central
framework that simplifies the alignment process [24]. Rather than requiring direct connections between
ontologies, new or existing ontologies may be integrated by establishing a single linking point with
DICON. This method reduces complexity and ensures a more systematic and scalable approach to the
ontology alignment.
In addition, DICON introduces proprietary structures, which are derived from various knowledge

domains relevant to the construction industry. The built-in structures enable the connection of ad-
ditional ontologies that might not directly align with others, ensuring flexibility, extensibility, and a
comprehensive knowledge coverage essential for construction workflows.

1https://www.w3.org/TR/sparql11-query/
2https://opencypher.org/
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2.3. Information Container for Linked Document Delivery (ICDD)

The ICDD is an open framework based on the ISO 21597 standard, which is designed to support the
exchange and integration of heterogeneous and distributed data. The ICDD supports interoperability
across various domains by employing linked data concepts, thereby enabling seamless connections
between diverse data sources and file formats. The ICDD is implemented as a compressed ZIP archive
(*.icdd), in which data and metadata are organized according to a standardized ontology. Its ontology-
driven structure adheres to Linked Data principles, enabling modular and reusable data representation
[25].

The ICDD offers a number of significant advantages that enhance its utility and applicability within
the construction industry. The framework utilizes the RDF and associated Semantic Web frameworks
to establish links at both document and sub-document levels. For example, linking specific attributes
within an Industry Foundation Classes (IFC) file to an external file (for example, the PDF project report)
is possible. Provides a standardized mechanism for organising, linking and exchanging data, the ICDD
can be implemented at different stages of the lifecycle of a structure. Through seamless integration and
robust interoperability across tools, formats and disciplines, the ICDD improves workflow efficiencies
and collaborations, and thus, can contribute vastly to the digital transformation of the construction
industry.

The ICDD structure is divided into three primary components:

• Index file acts as the central registry for all contents within the container. It lists documents,
their associated metadata, and semantic relationships between them.

• Ontology resources comprises in general two separate resources, which define the container
framework and semantic linking capabilities:

– Container ontology, specifying the structure of the container, metadata for contents, and
the representation of documents;

– Linkset ontology, defining semantic relationships and links between container documents
and enabling advanced linking mechanisms.

• Payload contains the actual data and semantic triples used for linking:

– Payload documents, which may store all project files, e.g., text-based documents, BIM-
based data (IFC models, BCF files, ...), and image-based data;

– Payload triples, which contain RDF-serialized data representing semantic relationships
and linksets.

Recent research underscores the rising importance of the ICDD in the AECO domain. Specifically,
ICDD is being adopted more frequently to manage and exchange data related to semantic digital
twins. Current investigations concentrate on containerization methods for heterogeneous data and
the integration of BIM with time-series data [26]. Additionally, there are ongoing efforts to advance
the standardization of ICDD and to develop tools that support the creation and validation of ICDD
containers [27]. A significant research direction involves the alignment of ICDD with established
standards such as Industry Foundation Classes (IFC) and Linked Building Data (LBD), as well as the
specification of machine-readable Exchange Information Requirements (EIR) tailored for ICDD-based
workflows [28]. Additionally, dynamic information containers are being investigated, with the objective
of enabling the automatic updating of linked data as part of evolving digital ecosystems [29].

3. Semantic framework for Structural Information data

In this section, the semantic framework for data and process management pertaining to inspection
projects is presented. The primary goal of the proposed framework is to improve the integration
and retrieval of data for structural diagnostics by leveraging a linked-data approach that offers a
standard-based storage for heterogeneous data produced from DT and NDT projects.
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Inspection tests generate diverse data formats that are frequently vendor-dependent and tailored
to specific process types and equipment utilized by contractors. Furthermore, diagnostics projects are
often executed through file-based workflows, where variations in data formats and the quantity of
information can lead to miscommunication and knowledge gaps within project workflows. In many
cases, the data is produced in formats—such as text-based forms that are scanned and digitalized—that
require human interpretation by project stakeholders before being transferred to subsequent workflow
stages or actors. Collectively, these factors contribute to the complexity and heterogeneity of inspection
project data, which may be represented in a standard-based and unified structure via ontologies.
The BIM workflow for inspection projects was previously introduced in an earlier study, which

detailed the intervals of data exchange among project stakeholders while assuming that inspection data
are stored within proprietary common data environments or databases [30]. In a subsequent study, a
data container approach was proposed to address the limitations of isolated file systems by organizing
and interlinking files with their associated information. This approach demonstrated improvements in
data structure through the addition of a relational layer via links [31]. However, it was determined that
the linking of files establishes the relationship between different data but lacks a semantic description,
whichmay comprehensively describe the diagnostic results, project tasks, actors involved, and objectives
in the structural assessment and diagnostic processes. To this end, the present study focuses on the
semantic enrichment of inspection data by extending and adapting existing Semantic Web ontologies
for inspection data and by integrating this ontology into data containers. Figure 1 illustrates the work
packages within the proposed framework, which is detailed in the following paragraphs.

Figure 1: Abstract view of the proposed framework

The ontology SIO is following a hierarchical top-down logic that enables a systematical mapping of
the entire structural diagnostics process. Aligning with existing standards and best practices in the
field, as well as with the ontologies introduced in Section 2.1, the SIO provides a unified framework
for managing diagnostic information for seamless implementations within inspection projects, while
increasing the interoperability with other data models and systems across various contexts of structural
diagnostics. Furthermore, metadata requirements for SIO classes, properties and relationships have
been established to uniquely describe each inspection test, facilitating traceability and ensuring precise
management of the project information. As illustrated in Figure 2, the hierarchical structure comprises
four primary domains. The management domain encompasses project-specific data and contractual
documents, such as the type of the diagnostics process to be conducted, test objectives, stakeholders
and respective tasks, and data exchange requirements. General information relevant to the structure
under inspection is also provided in the management domain.
The Localization domain describes the spatial distribution of the collected information, which is
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Figure 2: Representation of the classes and object properties within the Structural Information Ontology (SIO).

essentially a semantic representation of inspection areas composed of multiple inspection points and the
respective geographic positions. Additionally, geographic localization is enabled by a georeferencing
system module, which facilitates the mapping between different coordinate systems if needed. The
inspection domain comprises entities that may further define the contractor-specific information, test
processes to be conducted, test samples and test results. In this domain, DT and NDT methods are
described in detail, including inspection parameters, e.g., diameter of a core sample during drilling,
and device-specific information. This domain also includes entities that describe material properties
and numerical analyses. The Processing domain focuses on the analysis and representation of the
results derived from the inspection area. A distinction is made here between the evaluation and
assessment of the results. Evaluation refers to the aggregation and processing of data to gain new,
context-specific insights. For instance, raw data from a lateral ultrasonic scan can be processed to
create a 2D visualization of the results. Assessment, on the other hand, involves interpreting these
results by engineers to determine parameters for structural calculations or to derive recommendations
for restoration actions. It is worth noting that the assessment and evaluation classes enable recurring
data aggregation and the long-term combination of past and newly acquired data. The clear structure
and semantic precision of the ontology make it possible to create a uniform and at the same time
detailed modeling of the diagnostics process. The SIO thus offers a base for integrating and interpreting
complex structural information data. Characterized by a comprehensive and granular structure, the SIO
comprises a total of 1174 axioms, which are distributed across the following elements:

• 34 classes for categorising entities
• 40 object properties for defining relationships between entities
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• 140 data properties for describing properties and values

The axioms make it possible to model detailed dependencies and relationships between various
information sources within structural diagnostics. This is particularly important when modeling
relationships or constraints between inspection processes and the respective outcomes.

The integration of rdfs:label and rdfs:comment is intended to make the ontology understandable and
comprehensible by providing additional descriptions or translations. The SIO provides a terminology that
can be adopted by different professionals, such as engineers, IT specialists and building diagnosticians,
and can serve as a linguistic basis for collaboration.

Given the diverse range of heterogeneous data generated in diagnostics projects, the SIO is equipped
with the linking capabilities of the Linkset (ls) ontology from ISO 21597, as utilized by the ICDD.
For this purpose, the SIO contains the object property sio:hasLinkElement, which can be linked to all
classes within the ontology, implemented by assigning it the domain owl:Thing. To further leverage the
capabilities of the Linkset ontology, sio:hasLinkElement was defined as a subclass of ls:hasLinkElement,
which facilitates the linking of sio:Sample object with a file, for example, with an image of a test sample.
Additionally, the sio:ConstructionObject class from the Management domain is defined as a subclass
of the dicon:Building class from the DICON ontology, enabling seamless integration between the two
ontological frameworks.

4. Implementations

Building upon the proposed ontology, ICDD data containers may be created for DT and NDT projects.
The ICDD provides built-in ontologies for linking information, offering a solid foundation for integrating
and managing diverse datasets. While ICDD offers an effective system for centrally storing ontologies,
knowledge graphs and files, current tools for creating and editing such containers are limited. To
address this gap and to meet the expanded requirements of the methodology, a dedicated authoring
software tool has been developed. This tool facilitates the creation and management of knowledge
graphs within the container and supports the instantiating and linking of additional ontologies.
The ICDD tool presents structured project data in a standardised knowledge graph. To retrieve

information from the container, an Application Programming Interface (API) following design principles
of the Representational State Transfer (REST) architecture has been developed. The REST API allows
precise information queries through a web-based user interface, enabling users to search for specific
values within the knowledge graph. Additionally, the REST API intends to support long-term data
utilization and accessibility through comprehensible relationships between various data types and
information.
The following subsections describe implementations of the ICDD authoring software tool and the

REST API for retrieving data from ICDD containers.

4.1. ICDD Authoring Application

To ensure the creation of an ISO-compliant ICDD, an application has been developed that also includes
the instantiation of additional ontologies3. The initial prototype has been implemented in Python, with
the rdflib4 library playing a pivotal role in reading and writing to triplestores. The application aims at
facilitating practical implementations of ICDD containers and graph-based data storage for use cases in
structural diagnostics. To enhance the usability of the tool, a graphical user interface (GUI) has been
designed, as shown in Figure 3, using PyQt55. A graph structure is extracted using rdflib, structured
with Graphviz6, and rendered in a PyQt5 GraphicsView.

3https://gitlab.uni-weimar.de/professur-intelligentes-technisches-design/opensim-icdd-tool.git
4https://rdflib.readthedocs.io/en/stable/
5https://wiki.python.org/moin/PyQt
6https://graphviz.org/
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Figure 3: Overview of the main window of the application.

Figure 4 depicts the main components in the application. The first component includes the creation of
a new container according to the ISO 21597 standard or loading an existing container. In both cases, the
validation process of the container follows. During editing, users can select data that is to be displayed
on the simplified graph view. Moreover, users may select a preferred ontology relevant for the creation
of specific “areas of interest” according to project goals and deliverables.

Figure 4: Primary functions of the developed ICDD application.

After initialising, the application includes three primary modules that facilitate the main tasks
associated with ICDD editing:

• Triples management, allowing users to create, modify, or delete triples within the triplestore;
• File integration, enabling users to add files to the ICDD; and
• Container validation, verifying the structural and semantic integrity of the container.

The editing of the triplestore adheres to the ontologies available within the container. During the
validation process, schemas are parsed that form the foundation for instantiating data. When a user
selects an object, ontologies specify available data properties for creating new objects or linking existing
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objects to the selected object. Similarly, when creating a new object, the schema dictates permissible
data properties. Users can also modify or delete existing objects and the associated properties.
Adding files to the ICDD can be performed either manually or via the application interface. The

primary requirement is that files must be placed in designated directories as outlined in Section 2.3.
Integration of files into the ICDD knowledge graph structure occurs during the validation process.

The validation module plays a twofold role in maintaining the ICDD integrity. First, it verifies the file
structure and updates the Index.rdf file accordingly. Secondly, all knowledge graph files are validated
against the schemas used. Despite the fact that schemas are modeled according to the assumption of
an open world and non-unique names, the validation process aims at identifying instances, in which
cardinality constraints are specified in the used ontology. This process guarantees compliance with
structural requirements and constraints, such as property cardinalities. The Validation process is
triggered after every modification to the container, providing immediate feedback to the user about
potential errors.

4.2. The REST API for data extraction from ICDD containers

The API for processing and providing data from ICDD containers has been implemented in compliance
with the ISO 21597 standard. The API’s main purpose is to extract, index, and expose content from
ICDD containers through the standardized Open Data Protocol7 (OData) v4 endpoints. In the prototype
implementation, a single ICDD container is utilized and stored within a predefined system directory.
The API extracts container content by unpacking the ZIP64 file, then analyzes and classifies the resulting
files and directories based on their function.
The API identifies and processes all RDF files contained within the ICDD container. The indexing

process is based on namespace definitions, which act as unique identifiers. The RDF files are subsequently
loaded into an RDF model set:

• Index file analysis: The index file is analyzed first to extract references to other models and to
incorporate their data into the RDF model set.

• Ontology and Linkset integration: Ontology files are transformed into individual RDF models.
Linksets, on the other hand, are processed to integrate the relationships defined within the RDF
files into the overall model set.

Depending on system requirements, the RDF model set can be operated in two modes. The in-memory
graph mode is suitable for small-scale applications, in which query performance is prioritized, whereas
the persistent triplestore mode is used for scenarios requiring enhanced scalability and long-term data
persistence.
The API supports both SPARQL queries and program-controlled access methods, enabling precise

and efficient querying of the RDF data model. The extracted information is subsequently mapped
into Data Transfer Objects (DTOs) to facilitate a structured processing. The DTOs are converted into
domain objects that encapsulate the core business logic of the application. The domain objects form the
foundation for exposing data via OData v4 endpoints. To this end, the implementation leverages the
Spring Boot backend development and deployment framework, as well as the Apache Olingo Framework,
which creates OData-compliant endpoints supporting advanced features, e.g., filtering, sorting, and
pagination.

7https://docs.oasis-open.org/odata/odata/v4.01/odata-v4.01-part1-protocol.html
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5. Case Study

The proposed method was tested using various DT and NDT project data to assess its applicability
and was repeatedly refined. In a case study, a destructive inspection project was conducted on an
in-service bridge to determine material strength in bridge piers, namely the compressive strength class
of the concrete material. For this purpose, core samples were extracted from selected locations and
were analyzed in a laboratory. Data created during the project planning phase, as well as evaluation
documents and results (both raw data and laboratory analyses) collected after inspections were gathered
in the tripleset. An insight into the structure of the triplestore within the ICDD container is provided in
Figure 5. Here, classes and object properties are visualized in a graph structure, while the associated
files are represented as rectangles. Data properties listed on the right-hand side describe the asset under
investigation.

Figure 5: Overview of payload triples visualised in the ICDD application.
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Listing 1: Representation of an inspection point in Turtle format.

1 @prefix sio: <http://www.openSIM.org/0.10.24/SIO#> .
2 @prefix prj: <http://BUW-ITD.org/openSIM/Diagnostics#> .
3 @prefix idx: <http://BUW-ITD.org/openSIM/index#> .
4 @prefix ls: <https://standards.iso.org/iso/21597/-1/ed-1/en/Linkset#> .
5 @prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
6 @prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
7

8 prj:InspectionPoint5436e0e7-b292-4f54-98f7-e08cedc2a3f1
9 a sio:InspectionPoint ;
10 sio:Name "1.3"^ x̂sd:string ;
11 sio:X "-2.54979361828466"^ x̂sd:string ;
12 sio:Y "8.78249999999999"^ x̂sd:string ;
13 sio:Z "5.20020638171526"^ x̂sd:string ;
14 sio:inGeoreferencingSystem prj:GeoreferencingSystemc668bbce-4c11-4aff-8d9b-3

f2f4f923350 ;
15 sio:inInspectionArea prj:InspectionArea3b5cd8c3-05a9-4589-991e-e4afcddb59 ;
16 sio:hasLinkElement [
17 a ls:LinkElement ;
18 ls:hasDocument idx:InternalDocumentffeb0194-02b6-47b0-b64c-64a5f4b02a2f
19 ] .

An excerpt from the triplestore stored in the Payload triples folder of the ICDD container is presented
in Listing 1. Lines 10 and 11 define an inspection point named "1.3." The subsequent lines (11 to 15)
describe the position of the inspection point within a defined georeferencing system, which is mapped
to the coordinate system of the IFC model of the bridge. The mapping ensures precise localization
within the structure. Line 16 specifies the inspection area, in which the inspection point is situated.
Lines 17 to 21 demonstrate the definition of a link to a document, with line 19 referencing a document
indexed in the index.rdf file located within the ICDD container. As shown in the sample output later in
the Listing 2, line 26, the linked document is an image file in PNG format.
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Listing 2: Result of Querying for an Inspection Point named 1.3 in OData-JSON format.

1 {
2 | "@odata.context": "$metadata#InspectionPoint",
3 | "value": [
4 | | {
5 | | | "name": "1.3",
6 | | | "comment": [],
7 | | | "description": [],
8 | | | "x": "-2.54979361828466",
9 | | | "y": "8.78249999999999",
10 | | | "z": "5.20020638171526",
11 | | | "hasDirection": null,
12 | | | "inInspectionArea": [
13 | | | | "name": "UB1",
14 | | | | "id": "InspectionArea3b5cd8c3-05a9-4589-991e-e4afcddb59",
15 | | | | "type": "InspectionArea"
16 | | | ]
17 | | | "inGeoreferencingSystem": {
18 | | | | "name": "IFC Local System",
19 | | | | "id": "GeoreferencingSystemc668bbce-4c11-4aff-8d9b-3f2f4f92330",
20 | | | | "type": "GeoRefSystem"
21 | | | },
22 | | | "hasLinkElement": [
23 | | | | {
24 | | | | | "name": "inspectionpoint.png",
25 | | | | | "filename": "images\inspectionpoint.png",
26 | | | | | "filetype": ".png",
27 | | | | | "identifier": null,
28 | | | | | "identifierField": null,
29 | | | | | "id": "LinkElement3c1131aa-b48b-4dcd-b20f-7fcd60109da0",
30 | | | | | "type": "LinkElement"
31 | | | | }
32 | | | ],
33 | | | "id": "InspectionPoint5436e0e7-b292-4f54-98f7-e08cedc2a3f1",
34 | | | "type": "InspectionPoint"
35 | | }
36 | ]
37 }

Once the ICDD container is created, it is uploaded to a server where it is stored as a cache. Container-
specific information can be retrieved by using a query through the API. In this example, the query
requests information about the inspection point named "1.3". The resulting output, shown in Listing 2,
provides the previously described information from Listing 1, along with additional object and data
properties.

6. Conclusions & Discussion

This study presented a structured approach for applying the Linked Data framework in the field
of structural diagnostics. Utilizing the ICDD Standard, which follows a traditional document-based
structure, a workflow was established to enable querying of information from ICDD containers. Beyond
the ontologies defined in ISO 21597, an additional ontology, the SIO, was developed and incorporated to
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represent concepts and elements related to structural diagnostics. The development of SIO involved
an analysis of common diagnostic methods to ensure their inclusion within the ontology. Its modular
design facilitates the integration of additional methods as required.
It is worth noting that existing ontologies have limited applicability in practical scenarios due to

their reliance on the RDFS and the OWL, which allow for a high degree of interpretive flexibility in
information modeling. This flexibility results from the open world assumption and the non-unique
name assumption. Incorporating constraints that align with the closed world assumption could improve
precision by restricting permissible information and enabling formal validations. Schema languages
such as Shapes Constraint Language (SHACL), Shape Expressions (ShEx), and SPARQL Inferencing
Notation (SPIN) provide mechanisms for implementing various constraints.

The ICDD authoring application described in Section 4.1 and illustrated in Figure 5 has been shown
to offer functionalities for creating an ICDD container and enriching it with data. Ensuring the ICDD
consistency with both the ISO 21597 standard and the underlying ontologies, the developed tool was
proven to provide a robust platform for managing graph-based inspection data. However, the usability
of the ICDD application is limited and requires prior knowledge of linked data. Future research should
focus on developing user-friendly tools to simplify container enrichment processes, thereby potentially
increasing the acceptance and adoption of Linked Data approaches within the AECO industry.

A REST-API has been developed for extracting, processing, and delivering data from ICDD containers.
It has been proven that the implemented API facilitates standardized data provisioning, while enabling
targeted access to the RDF data models within ICDD containers. By integrating and instantiating the
SIO, the API architecture has been tested for extending ICDD containers beyond individual projects,
supporting long-term usability and accessibility, preserving data for future applications, and providing
scalability and reliability.

However, the simultaneous processing of multiple containers presents challenges, including depen-
dency management, data consistency, and conflict resolution. Conflicts may occur, when containers
comprise redundant resources or objects with identical URIs, potentially resulting in namespace colli-
sions or contradictory information. Additionally, query behavior must be defined to enable both isolated
and cross-container data access effectively. Effectively addressing these challenges is essential for
advancing and scaling the API architecture. Solutions should ensure a balance between robust conflict
resolution mechanisms and efficient data management and querying across multiple containers.
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