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A streamlined Python-based workflow for transforming Full-Notch Creep Test (FNCT) data into organized,
machine-actionable formats is presented. The workflow automates the conversion of raw FNCT data from
classic CSV and Excel files into structured outputs that facilitate future semantic integration. Emphasizing
practical data handling, the approach includes automation scripts for efficient data extraction, transformation,
and storage, which culminate in well-ordered files. This transformation paves the way for potential semantic
data integration and facilitates access for users with varying levels of digital experience to enhanced data
management in polymer research and testing.

1. Introduction

The digitalization in the field of polymer research and design is
rapidly advancing, driven by the need for efficient data integration and
reuse across various stages of material development, from synthesis to
modeling and testing [1,2]. This shift towards a data-centric approach
is facilitated by adherence to the FAIR principles (Findable, Accessible,
Interoperable, and Reusable) [3] and the application of semantic tech-
nologies [4], including ontologies and associated data mapping [5-8].
One of the main goals is to enable data interoperability and machine
actionability within a digital framework.

The Full-Notch Creep Test (FNCT) is a critical method used for
evaluating the slow crack growth (SCG) resistance of polymers in
the context of polymer research [9-12]. However, advanced manage-
ment and semantic integration of FNCT data are underexplored [13].
This gap is addressed by presenting a streamlined approach to FNCT
data handling. A Python-based script was developed to be able to
transform raw FNCT data into semantically enriched formats such as
those associated with the resource description framework (RDF) [14].
Thereby, the established Full-Notch Creep Test Ontology (OntoFNCT)
is used [15,16]. With the help of the script set presented in this study,
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some data transformation operations can be performed to organize raw
data obtained from an FNCT system step by step, to use a uniform
and community-recognized vocabulary and thus, prepare it for seman-
tic data integration. During this transformation, classic data formats
such as CSV and tabular data are generated to ensure that the data
remains easily interpretable and adjustable by both test operators and
machines. This process serves as an intermediate step between current
manual-based methods and fully automated, black-box data handling
systems.

The aim of this study is to provide a practical example of how
semantic data integration can be applied to polymer testing, offering
a straightforward method for data transformation culminating in the
creation of semantically integrated FNCT data. This contribution is
particularly relevant to stakeholders involved in polymer design, de-
velopment, and quality control while supporting the broader adoption
of ontological frameworks in the polymer community.

2. FNCT lab story

The Full-Notch Creep Test (FNCT) is a method standardized in ISO
16770 [17] for assessing the slow crack growth (SCG) and environmen-
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tal stress cracking (ESC) resistance of polyolefin materials, particularly
high-density polyethylene (PE-HD) [18-20]. A notched specimen is
subjected to static tensile loading in a temperature-controlled envi-
ronment in this test. Thereby, crack propagation under controlled
conditions is focused. Usually and as-performed in the majority of
test laboratories, FNCT data is manually collected and analyzed which
often involves tedious spreadsheet-based processes for determining key
metrics inherent to the test method such as the pivotal time to failure
at a reference stress (f; ). The FNCT procedure involves manag-
ing a significant amount of data, including primary and secondary
data such as series that comprise continuously measured information
such as test duration, force, elongation, as well as specimen dimen-
sions (e.g., width, thickness, residual fracture surface) and test results
(e.g., time to failure, final elongation) [21,22]. Importantly, metadata
such as the test standard used (e.g., ISO 16770), test machine de-
tails, and funding information are critical for ensuring traceability and
reproducibility. Therefore, automated data handling offers significant
advantages, including increased speed, accuracy, and scalability, while
minimizing human error and allowing analysts to focus on interpreting
the results. To support interoperability beyond specific test setups,
metadata structures were designed first to abstract over vendor-specific
and instrument-specific formats. For example, instead of recording
only machine-specific file names or proprietary codes, the workflow
presented in this study normalizes equipment metadata into generic,
human-understandable categories such as machine type, model name,
calibration date, and load cell specification. This abstraction allows for
the semantic alignment of data originating from various test machines
or software platforms, thus overcoming heterogeneity in vendor for-
mats. These normalized metadata fields are mapped to shared semantic
concepts, ensuring compatibility in cross-lab integration scenarios. In
addition, the workflow is intentionally designed to operate on the
classical export functionality of the test systems, rather than relying
on vendor-specific or proprietary Application Programming Interfaces
(APIs). This choice significantly enhances the generalizability of the
approach, as most modern and even legacy testing machines offer such
export options (e.g., CSV or Excel). As a result, the workflow can be
adapted to other systems with minimal adjustments. These typically
involve establishing a mapping between the standardized metadata
schema and the specific data structures found in the exported files.
This key mapping, which only needs to be defined once for a given
machine type, allows seamless integration without repeated reconfigu-
ration and thereby supports modularity and cross-vendor applicability.
Transforming FNCT data into a machine-actionable format enhances
the efficiency of data handling and also facilitates the downstream
usage of automated analysis tools and scripts which enables quicker
and more reliable assessments.

3. Data transformation

The Python scripts used for data processing and transformation
were developed in a Jupyter Notebook environment [23] and they are
freely available as such, providing full transparency and reproducibil-
ity. Several key libraries such as pandas([24] for data manipulation,
numpy[25] for numerical computations, rdf1ib[26] for semantic
data mapping, and custom modules for specific operations were used.
To simplify the use of the scripts, especially for test operators who
might have too little time for code review, some additional security
checks such as a query for the existence of addressed folders containing
corresponding data or overwrite protection have been implemented.
Required directories for storing primary data, metadata, and secondary
data are created, if they are missing.

The main function of the scripts is to automate the extraction,
conversion, and storage of data from several CSV and Excel files that
originate from the FNCT device export and additional manual editing.
The workflow involves:
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» Folder Setup: The script begins by verifying the existence of
specific folders for primary data, metadata, and secondary data
within the defined directory. If these folders do not exist, they
are created automatically.

Excel File Processing: The script identifies and processes all
Excel files within the designated folder. For each file, the rel-
evant data is read, transformed, and saved in the appropriate
format. This includes extracting data from specific sheets and
converting them into CSV files. The script ensures that no files
are overwritten by checking for existing files before saving new
data.

Secondary Data Aggregation: The script reads and aggregates
secondary data across multiple Excel files into a single CSV file.
This file, usable as main results recording, includes detailed in-
formation such as specimen identifiers (IDs), characteristic FNCT
values, material properties, and most relevant test conditions. The
aggregation process also involves calculating key metrics, such as
the final elongation and residual fracture surface, using custom
functions, if the required information is available (if data was
measured).

Metadata Integration: Metadata for each processed file is also
extracted and stored separately. This metadata includes static
information, such as the test institution and its address, and
dynamic information such as the pre-load used during testing.

Leading to a re-organization of FNCT data into a final structure,
the script ensures that all necessary transformations are applied consis-
tently across all data files. This modular approach, with clear separation
of primary, metadata, and secondary data handling, results in a ro-
bust and adaptable data transformation process that is capable of
handling large datasets and complex operations with minimal manual
intervention to significantly accelerate the data preparation phase.

The next step in the data processing workflow towards seman-
tic integration involves mapping the such edited and prepared data
to OntoFNCT to create RDF data. This process is automated using
another Python script which reads the data from the specified files
and creates an RDF graph by mapping to OntoFNCT concepts. Hence,
the RDF graph is populated with instances and relationships based
on the data. As individual metadata files associated with each test
process are read, detailed RDF information is created that describe
the FNCT process in a structured, hierarchical manner. The RDF graph
captures various process steps, equipment characteristics, and associ-
ated metadata. It has to be noted that in the current implementation
using OntoFNCT in its present version, observed test parameters and
results are modeled using a generic semantic concept found in the as-
sociated mid-level PMD Core Ontology (concept ‘ValueObject’). While
this concept offers a generalized representation of measured values, it
has proven highly effective for the purpose of establishing semantic
structure across diverse datasets and enabling machine-actionable links
between processes, equipment, and results. This abstraction facilitates
initial interoperability and supports downstream alignment with more
specialized ontologies or evolving semantic frameworks as needed.

Finally, generated RDF data is stored in RDF/XML and Turtle (TTL)
formats allowing for the structured knowledge to be preserved and
queried [27] for further usage as needed. For instance, successive
automated analysis workflows can be applied directly.

To clarify, the transformation algorithm is structured as a series
of modular parsing and mapping steps which are orchestrated in a
linear pipeline. Each step performs a discrete function such as file
format conversion, metadata enrichment, or semantic mapping. This
modularity ensures that the pipeline can be scaled to large datasets by
parallelizing independent steps or processing test batches iteratively. In
ongoing trials, datasets consisting of hundreds of test entries have been
processed without performance degradation which demonstrates linear
scalability. Moreover, due to its modular structure and use of common
open file formats (e.g., CSV, RDF), the workflow can be integrated
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into existing laboratory information management systems (LIMS) or
electronic laboratory notebooks (ELN) infrastructures. Specifically, the
FNCT pipeline can be linked to ELNs such as eLabFTW [28,29] using
standardized export formats or lightweight APIs (similar to the pipeline
described in [30]). In such a setup, structured test data and metadata
entered in the ELN interface could trigger or feed directly into the FNCT
transformation scripts to yield semantically enriched RDF outputs in a
fully automated fashion. This allows seamless connectivity from data
acquisition to semantic integration while minimizing manual interac-
tion and ensuring traceability and machine-actionability. Additionally,
the workflow can operate in server-side environments which makes it
compatible with LIMS-driven automation where specific folders or APIs
can be monitored to initiate data processing. In future developments,
plug-ins or script adapters similar to those used in SimStack [31,32]
may further facilitate integration into GUI-based research platforms.
This allowed FNCT data transformation to be triggered by non-expert
users within familiar laboratory software environments. As a potential
future enhancement, refactoring the current function-based implemen-
tation into a class-based architecture could support better encapsulation
of state, promote reuse through inheritance, and improve maintain-
ability in larger, modular codebases. This shift would be particularly
beneficial as the workflow evolves towards more complex or extensible
use cases. Hence, the provided scripts are designed with modularity
in mind, enabling users to execute specific components of the data
processing workflow independently based on their particular needs.
This flexibility allows researchers to adapt the pipeline to suit vari-
ous experimental conditions, data structures, and operating systems.
Furthermore, the scripts are structured to facilitate customization as
they permit modifications and extensions to align with unique project
requirements. To enhance usability for less code-savvy users, the work-
flow is provided in the form of annotated Jupyter Notebooks. These
Notebooks combine executable Python code with markdown-based
explanations and structured guidance, functioning as an integrated
tutorial and processing environment. Users are guided step-by-step
through the workflow logic, including typical customization points
such as adapting folder paths, specifying file naming conventions, or
defining test-specific metadata. While some basic familiarity with the
Notebook interface and Python syntax is helpful, the extensive in-
line commentary and embedded instructions are designed to lower the
entry barrier and allow users with limited programming experience to
explore, understand, and adjust the workflow according to their own
lab settings. This level of knowledge enables users to adjust parameters,
interpret error messages, and resolve minor issues. Thereby, smoother
execution and effective customization are ensured. This approach sup-
ports transparency and adaptability, while remaining aligned with the
open and reproducible nature of the study.

4. Conclusion

The FNCT data conversion workflow presented is a best practice ex-
ample for promoting advanced data management in polymer research
and testing. By implementing Python-based automation and leveraging
the OntoFNCT framework, this workflow effectively bridges the gap
between traditional manual data processing and modern, machine-
actionable data formats inclining towards semantic data integration. In
practical application, the workflow has demonstrated tangible benefits
including substantial time savings and error reduction. For instance, au-
tomation eliminates the need for file parsing and aggregation, repetitive
copy-paste operations and manual formatting, which are common in
spreadsheet-based FNCT data handling. As broadly recognized and sup-
ported by common practice in materials testing labs and experienced
in this study, automated data preparation consistently outperforms
manual workflows in terms of speed and reliability [33-35]. Addition-
ally, automated metadata checks and structured outputs significantly
minimize the risk of user-induced errors such as incorrect specimen
IDs or mislabeled test parameters, which previously required manual
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validation. Beyond time and error reduction, additional key perfor-
mance indicators (KPIs) include improved data reusability through the
generation of standardized CSV and RDF outputs, enhanced traceability
enabled by structured metadata files, and reduced onboarding time for
new users due to the intuitive folder and file structure. Moreover, the
workflow minimizes redundant work by centralizing key information
(e.g., material properties or specimen geometry) for reuse across related
test runs. In this way, approx. 90% of the data transformation and
documentation steps are fully automated. An additional strength of
the workflow lies in its open-source nature, which allows users with
basic programming experience to adapt the scripts to accommodate the
specific data structures or export formats of their own measurement
devices. This adaptability promotes broader usability across diverse
experimental setups and fosters reuse and extension of the approach
in related testing environments. These improved KPIs highlight the effi-
ciency gains of the proposed system. The approach serves as a practical,
intermediate step towards broader semantic data usage that facili-
tates access for users with varying levels of digitalization experience.
This inclusivity is demonstrated by the implementation of organized
CSV and Excel files, which enhance transparency and understanding.
Thereby, the workflow streamlines data handling and additionally
fosters greater acceptance and engagement among experimental users,
research labs, and industrial test labs involved in polyolefin design,
development, and quality control. Importantly, the applicability of this
workflow to laboratories relying on legacy data management systems
has been considered. By maintaining compatibility with CSV and Excel
formats throughout the processing chain, the workflow allows legacy
systems to consume structured outputs without requiring architectural
overhauls. This ensures backward compatibility while enabling gradual
adoption of semantic methods. Thanks to the modular structure of the
workflow, only minimal system-specific adaptations are needed, which
are typically confined to the parsing logic and key mapping step that
links exported data fields to standardized metadata structures. These
mappings need to be manually configured only once per test system
and enable broad reuse across test campaigns and users, including those
operating within older or disconnected data infrastructures. Moreover,
integration with broader materials databases is supported through the
generation of RDF outputs aligned with shared ontologies such as the
PMD Core Ontology (PMDco) [36,37]. These RDF files can be uploaded
into public or private triple stores and linked to existing repositories
via persistent identifiers and standard vocabularies. In this way, test
results generated using the FNCT workflow can contribute to central-
ized or federated materials data ecosystems facilitating data discovery,
reuse, and integration across research institutions. This modular and
standards-based approach ensures that the workflow can be flexibly
adopted by a range of laboratories with varying digital maturity levels.
Thereby, the broader goal of interoperable, FAIR-compliant materi-
als data is supported. Looking forward, potential extensions include
wrapper modules or import/export bridges that connect to common
legacy databases or LIMS interfaces. Additionally, integration with
community-wide data repositories is planned to showcase interoper-
ability with broader materials informatics ecosystems. Overall, the
workflow sets a precedent for future digitalization efforts and aims
to involve all stakeholders in the transition to a more data-centric
approach.
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Data availability

The scripts and associated modules (functions) used within this
study are hosted on a dedicated GitHub repository:

https://github.com/MarkusSchilling/fnct-data-transformation.

Further documentation can be found in the GitHub repository
readme file as well as in the corresponding Jupyter Notebook files.

The ontology OntoFNCT, an example mapping script for semantic
FNCT data integration, and an example automated analysis work-
flow referred to in this study can be accessed and obtained from the
following GitHub repository:

* OntoFNCT

» Data Mapping Example

« Time To Failure Analysis Jupyter Notebook (workflow on FNCT a
nalysis) as an example

The technical documentation on OntoFNCT is also accessible via its
namespace (persistent URL): https://w3id.org/ontofnct.
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