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Concern

* Open water environment

e Higher force and larger motion response
* Non-linear wave-structure interaction

Photo by Alex Antoniadis



Structural damage

e Cooke aquaculture, Nova Scotia, Canada (2018)
e Winter storm damage
e Fish escapement

https://responsibleaquaculture.wordpress.com



https://responsibleaquaculture.wordpress.com/

State-of-the-art

e Xuetal. (2017)
e Physical model test and finite element (FE) analysis for collar
only

e Kristiansen and Faltinsen (2015)
e Rigid body equation with nonlinear hydrodynamic forcing
e Significant load increase in steeper waves

Over-topping —

| g — Wave particle velocity

Linear wave theor
Node velocity ( V)

(Modal theory)

Ambient velocity

- - Uil =7Usx +uy — u;

Kristiansen and Faltinsen (2015)



Work flow

e Computational Fluid Dynamics

e Fluid structure interaction

Structural model
solver

Interpolation of
(fluid) pressure

»  New time step

Data transfer

Convergence check

End of time step

Interpolation of
displacement

Fluid model
solver




Why develop a new code?

e To extend higher order scheme
e Same amount of validating work

* Less unknown uncertainties

Existing FE open library ANSYS Own code ANSYS
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Governing equation — Structure model

(MG ()3+[K ()} = 1F (1)}

Where, u : Displacement vector, F : Force vector
[M] : Mass matrix, [K] : Stiffness matrix

(Ui Global
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Time integration - Newmark method

e Popular in fluid-Structure interaction
e 2" order scheme

K. J. Bathe (1982)
Ugtpe = Uy + [8Upips + (1 — 8)U,] At

1 ..
Ugtpe = Uy + U At + [aUpyp; + (E — a)U,] At

Where, 6=%, a=

|




Validation Case — Steel cantilever

ANSYS

2019 R1
ACADEMIC

e Own FE code vs.
ANSYS

e 2D, 3D Beam

e Static, Transient r
" g dt=1e-6s, n=60, distributed load
analysis T =

e Point, distributed
load

Displacement (m)
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Next step - Coupling

e Convergence check in displacement

e Data Transfer
 Interpolation

Structural model
solver

Interpolation of
(fluid) pressure

> New time step

Data transfer

Convergence check

End of time step

Interpolation of
displacement

Fluid model
solver
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Back-up slide : Validation (1/2) —
Amplitude error

Maximum Amplitude error compared to ANSYS results
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Back-up slide : Validation (2/2) — Phase

error

> Average phase error compared to ANSYS results
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Back-up slide : Governing equation —
Structure model

(MG ()3+[K ()} = 1F (1)}

[KH] [ M

=
W
—r
=
W
[

HK*] M ]

[Ke¢],[M¢] : 12 x 12 matrix, K], [M] : N x N matrix
N : the degree of freedom = (# of element+1)x1 e.g. 9 elements, 120 dofs



Back up slide : Validation — Static,
Distributed load
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Back up slide: Convergence, 2D
Transient, g=1kN/m

Max. error (|[Newmark - ANSYS|) / Ref. value
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3-D Coordination, Conversion local to
global
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3-D “M” Matrix for an element
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3-D “K” Matrix for an element
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