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Abstract of Thesis:

Isogeometric analysis (IGA) is a computational method that uses the same basis functions for both geometry
and analysis. Non-uniform rational B-Spline (NURBS) functions which are common in computer-aided design
(CAD), are used to represent the solution fields. This allows for a seamless transfer of geometry data to
numerical analysis. First invented by Hughes et al. in 2005, IGA has been widely applied in various engineering
fields such as structural analysis, fluid dynamics and electromagnetism due to its high efficiency. But the study

and application of IGA in the field of structural health monitoring (SHM) is still in its infancy.

In the Chapter 1, the background and necessities of extended development of IGA are introduced. The

structures of this doctoral dissertation is described.

Chapter 2 gives a theoretical background on isogeometric analysis method and necessary formulae.
Specifically, it covers the main aspects of geometry representation, basis functions, IGA mesh generation, multi-
patch coupling, Jacobians and numerical integration. This chapter also serves as the theoretical introduction
for the in-house IGA code ‘JWRIAN-IGA’.

Chapter 3 presents the development of a fiber mesh model which is a first step to integrate IGA and strains
from DFOS (Distributed Fiber Optic Sensing). The proposed fiber model is used with linear elastic IGA to
simulate DFOS measurements. The properties of the model and their effects on the measurability are studied
and numerically computed fiber strains are compared with experiment data. Finally, a case study on estimating

unknown loadings on a structure is illustrated.

In the Chapter 4, the formulation of inverse IGA is derived from the least-squares functional and minimum
strain energy principle. The resulting equations are used to solve unknown displacement and stress fields from
measured fiber strains for linear elastic structures. A detailed literature review on the existing inverse finite
elements is given and the differences with the proposed method are explained. The developed method is
validated with simulated examples, and sensitivity to practical DFOS parameters is studied. Then, the inverse
IGA-DFOS is applied to estimate the deformation of a rotating impeller plate from the experimentally measured

fiber strains.

Chapter 5 presents the experimental findings of anisotropic hardening behavior of prestrained high
strength steel and formulation of a mathematical model for the observed phenomena. Specifically, the
mechanical response of high strength steel DP980 after it was subjected to prestrain is experimentally studied.
The observed history-dependent anisotropic hardening behavior is modelled with an empirical formula and
implemented as a constitutive model in IGA. The model is validated with numerical simulations and comparison
with experiment data. The proposed methodologies in this thesis are implemented in the in-house IGA code
JWRIAN-IGA as well as the commercial software LS-DYNA.

Chapter 6 summarizes the main outcomes of the research and gives an outlook on the future research

directions.
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