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Abstract. Monitoring degradation in complex structures remains a major challenge, especially when
damage initiation and propagation must be inferred from indirect measurements. Distributed fiber optic
strain sensing provides valuable strain data along embedded trajectories, but their interpretation
requires a robust numerical framework able to capture both complex geometries and evolving fracture
processes, [1]. In this work, an isogeometric phase-field framework is proposed for modeling
degradation in complex structures instrumented with embedded optical fibers, [2]. The structural
geometry is represented exactly using NURBS-based isogeometric analysis, while crack initiation and
propagation are described through a regularized phase-field formulation [3]. The embedded optical
fiber is modeled as a parametric curve within the solid, and the strain observable along the fiber is
obtained by projecting the strain tensor onto the local fiber tangent direction, [4]. The proposed
framework establishes a consistent link between internal damage evolution and measurable distributed
strain signals. Numerical examples illustrate its ability to capture damage localization in complex
geometries and to reproduce the associated fiber-optic strain response. The results demonstrate the
potential of the proposed approach as a predictive and an interpretative tool for structural health
monitoring of degrading structures.

References

[1] Aubert, N., Degaugue, S., Pouya, J., Khadour, A.: Additive Printed Structures for Optical Fiber
Sensing in Concrete. In: Proceedings of 2024 51* Annual Review of Progress in Quantitative Non-
destructive Evaluation, QNDE 2024, vol. QNDE2024-138489, pp. 001-09002. American Society of
Mechanical Engineers, Denver, France (2024). https://doi.org/10.1115/QNDE2024-138489.

[2] Miehe, C., Welschinger, F., Hofacker, M.: Thermodynamically consistent phase-field models of
fracture: Variational principles and multi-field fe implementations. International Journal for Numerical
Methods in Engineering 83(10), 1273-1311(2010) https://doi.org/10.1002/nme.2861.

[3] Hughes, T.J.R., Cottrell, J.A., Bazilevs, Y.: Isogeometric analysis: Cad, finite elements, NURBS,
exact geometry and mesh refinement. Computer Methods in Applied Mechanics and Engineering
194(39), 4135-4195 (2005). https://doi.org/10.1016/j.cma.2004.10.008.

[4] Aung, T.L., Ma, N., Kishida, K., Guzik, A.: Advanced structural health monitoring method by
integrated isogeometric analysis and distributed fiber optic sensing. Sensors 21(17) (2021)
https://doi.org/10.3390/s21175794.



https://doi.org/10.3390/s21175794
https://doi.org/
https://doi.org/10.1002/nme.2861
https://doi.org/10.1115/QNDE2024-138489
mailto:aha-thanh.phan@univ-eiffel.frt

