Automated Extraction of Reinforcement Data from 3D Bridge
Models to Produce a Data Set Used in Artificial Intelligence &
Machine Learning Models
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Introduction

In civil engineering,
accurate detailing of
reinforced steel in bridge
decks is crucial for
structural integrity and
longevity. This study
proposes a novel approach
by converting 3D bridge
models into Industry
Foundation Classes (IFC)
format, using Python scripts
to extract reinforcement
data, to create a database
that can eventually use an
Al model to predict steel
requirements. By
automating data extraction
and leveraging Al, the
research aims to enhance
precision, efficiency, and
safety in bridge
construction projects.

Methods/ Materials

This study employs an Agile
development methodology,
utilizing Python and
IfcOpenShell to convert 3D
bridge models into IFC
format for standardized
data extraction. Extracted
data is stored in
SQL/NoSQL databases
and analyzed using
machine learning
techniques such as linear
regression, SVM, Random
Forests, GBMs, and CNNs
for predictive modelling.
Evaluation metrics include
accuracy, MAE, and RMSE,
with high-performance
computing resources
supporting deep learning
tasks. Python's extensive
libraries (pandas, scikit-
learn, TensorFlow /Keras)
are essential for data
extraction, analysis, and
machine learning.

Results
Data Extraction Process

The project used the IfcOpenShell library to read IFC files and extract relevant properties for reinforcement bars, such as Globalld, SteelGrade, BarLength, and BarDiameter. The script effectively
processed multiple IFC files, successfully navigating their complex and nested structures through iterative testing and refinement.

Challenges:

Complex Hierarchies: Managed by refining data extraction functions to correctly navigate and extract data.

Evaluation:
. Effectiveness: The script accurately extracted the required data from all IFC files.
. Efficiency: Processed multiple files within a reasonable time frame, demonstrating good performance.

The extracted data was cleaned to handle missing values and remove outliers using Z-scores, followed by normalization using StandardScaler.

Data Cleaning and Normalization

Challenges:

. Ovutliers: Detected and removed outliers with Z-scores greater than 3 to ensure data integrity. 3D Model of Reinforced
_ Steel That Data Was

Evaluation: Extracted From

. Data Integrity: Cleaning improved the overall quality and consistency of the dataset.

. Normalization: Standardizing the data ensured all features were on a similar scale, essential for model training.

Comparison with Objectives

Objective 1: Converting 3D bridge models into the IFC format for standardized data representation was successfully achieved prior to running the Python scrlps.

Objective 2: Developed Python scripts using the IfcOpenShell library to extract reinforcement data from IFC models. These scripts effectively extracted properties from property sets and specific
elements such as reinforcing bars.

Objective 3: Created a robust dataset suitable for training an Al model by cleaning, normalizing, and saving the extracted data into an Excel file. Outliers were removed using Z-scores, and data was
standardized using StandardScaler.

Objective 4: This objective pertains to the subsequent phase of the project, where machine learning models will be trained and evaluated based on the pre-processed data.

Data Analysis and Conclusions

Data Extraction Results: The data extraction process successfully processed all IFC files in the specified directory, extracting relevant reinforcement data attributes and saving them into an Excel file.

Name | Layer | Group type |Spacing target| Spacing exact | Cast unit mark | Phase |
REBAR  S1 0 150 10*143 N-CWL-3 1
REBAR  S1 0 150 6*143 N-CWL-3 1
REBAR  S1 0 150 6*143 N-CWL-3 1
REBAR  S1 0 150 6*143 N-CWL-3 1
REBAR Tl 1 150 3*143 N-CWL-3 1
REBAR  Links 1 150 3*143 N-CWL-3 1
REBAR Tl 1 128 2*128 +1*150  N-CWL-3 1
REBAR T1 0 128 5*150 N-CWL-3 1 Example of Data
REBAR  S2 1 128 5*150 N-CWL-3 1 Extracted from 3D
REBAR  S2 1 128 5*150 N-CWL-3 1 model to Excel File

Data Cleaning and Normalization: The data cleaning process involved detecting and removing outliers using Z-scores, followed by normalization with StandardScaler, ensuring the dataset was free
from anomalies and standardized for predictive modelling.

Comparison with Literature Review

The literature review indicated that automated extraction and preprocessing of reinforcement data from 3D models is challenging but essential for accurate predictive modelling. This project
demonstrated the feasibility of automating these tasks with the right tools and techniques.

Meeting Aims and Objectives

. Objectives Met: All specified objectives were met, creating a robust dataset suitable for predictive modelling.

. Primary Aim Met: Successfully developed an automated pipeline for extracting and preparing reinforcement data from IFC models for predictive modelling.

Conclusion

This project demonstrated the
feasibility and effectiveness of
integrating automated data
extraction, preprocessing, and
predictive modelling for
reinforced steel design in bridge
decks. Key findings include:
Automated Data Extraction:
Using the ifcopenshell library, we
efficiently extracted key
reinforcement data from IFC files,
resulting in a structured dataset.
Data Preprocessing:

Cleaning, outlier removal, and
normalization using Z-score
filtering and StandardScaler
ensured data quality.

Predictive Modelling: Techniques
like Random Forests, Gradient
Boosting Machines, and 3D
Convolutional Neural Networks
showed initial validation.
Objectives were met by
converting 3D models to IFC,
accurately extracting data, and
creating a robust dataset for
machine learning. This project lays
a strong foundation for future
research and improvements in
structural engineering.

Future Development

The Data extracted be able to
create a data base to successfully
run Al and machine learning
models that predict the future
locations of reinforced steel in
bridge decks. This would then
lead to the successful construction
of bridge decks. As below:
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