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The primary failure mode Iin laminated composites such as wind turbine
blades, Is delaminations. Delamination Is the growth of cracks in the
Interface between layers of a laminate. During their lifetime, wind
turbine blades are exposed to highly varying loads from the wind.
However, current understanding of delamination crack growth is limited
to simple cyclic fatigue loading with constant amplitude, which has been
shown to be inadequate Iin describing crack growth under more realistic

fatigue loading with variable amplitude. | |
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This PhD project aims to further the understanding of the governing
mechanics and apply this knowledge to develop a fatigue delamination
model capable of predicting delamination crack growth under variable
amplitude fatigue loading.

The main effect hypothesised to govern the increased crack growth of
delaminations under variable amplitude fatigue loading is fibre bridging.
As delamination cracks grow, fibres tend to bridge the crack faces
behind the crack tip. These fibres apply closing tractions on the crack
faces, effectively shielding the crack tip and increasing delamination
resistance. Using Inverse methods, the bridging tractions will be
characterised experimentally under variable amplitude fatigue loading
to gauge the effect of fibre bridging on the crack growth.
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The Dbridging traction field will be further Investigated through a
characterisation of the micromechanical behaviour of individual bridging
fiores. By monitoring the damage development of individual bridging
fibres, the underlying micromechanics behind the traction field will be
uncovered.
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Using the knowledge gained on the behaviour of individual fibres,
current micromechanical models can be expanded to account for
effects associated with variable amplitude fatigue loading. This will be
used to develop a fatigue delamination model of the bridging tractions

using a discrete representation of bridging fibres to capture the effect of
variable amplitude fatigue loading on the traction field.

A micromechanical approach to modelling fibre bridging with a discrete
representation of bridging fibres will be very computationally expensive.
To reduce the computational cost, a computationally efficient surrogate
model will be developed to replicate the response of the traction field
obtained with the micromechanical model. This will be used to expand
the capabillities of current delamination models to account for variable
amplitude fatigue loading. The knowledge of fibre bridging behaviour on
the microscale can then be applied to macroscale simulations of
laminated composites.

An experimental Investigation of the bridging tractions and the
behaviour of individual bridging fibres will give insight into the increased
growth of delaminations under variable amplitude fatigue loading. This
insight will form the basis of a micromechanical model able to account
for variable amplitude fatigue loading. Finally, a computationally
efficient surrogate model for macroscale simulations will enable the
knowledge gained to be used for predicting delamination crack growth

under variable amplitude fatigue loading.
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