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Motivation Physics-Based Full-Order Model

Digital twins map real objects and processes from the physical world Mixed-dimensional Finite Element model
into digital space. Going one step further, hybrid digital twins (HDT)
combine physics-based modeling (virtual twin) with data-based tech-
niques (digital twin) to form a simulation tool with predictive power.
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The physics-based FOM is based on a novel finite element formulation with beam-to-
solid mesh tying. We use this method to capture the interaction between the reinforce-
ment components and the concrete matrix of the beam [2].
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Data-Driven Reduced-Order Model

In light of the increasing digitalization of our world, digital twins have Physics-informed neural networks

great potential to contribute to protecting and maintaining critical in- . |
frastructures. In case of bridges, digital twins can have a crucial role in ; , (U di#;;;;;fattlicon
structural health monitoring (SHM) [1]. P

Proof of Concept

This contribution provides proof of the concept of a hybrid digital twin
for steel-reinforced concrete beams as a representative component of
bridges in civil engineering structures. ,
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The data-driven ROM is based on physics-informed neural networks (PINNs) that com-
bine differential equations and measurement data in the loss function of neural net-

Sensor data
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Reinforced concrete beam

We combine a physics-based full-order model (FOM) with a fast-to- Use Cases

evaluate data-driven reduced-order model (ROM) interacting with sen-
sor data of the physical asset. The full-order model provides a detailed ot B E—
understanding of the physical behavior and is employed to calibrate \ = T
the reduced-order model aiming at a reliable digital representation. Traning points Crack centers
The combined model has the following capabilities:

Compression side at z=12.5 cm Tension side at z=-12.5 cm

Anomaly _
Damaged regions

® damage, crack and anomaly detection
e "what-if" simulations
e identification of underlying trends
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