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1 Introduction

11 About this course

The objective of this course is to teach you how to apply the AquaSim software for static and dynamic
analyses of structures. You will be learning fundamental aspects about preprocessing, running analysis and
postprocessing of results. The course is especially aimed at the aquaculture industry, with focus on modeling
and analysis of moored systems.

You will be presented a set of case studies. The complexity of the case studies increases, it is therefore
recommended to complete them in sequence, starting with CaseStudy 01.

This course should be viewed as an introduction and supplement to the courses held by Aquastructures, and
not as a replacement. Aquastructures offer attendance courses and online training for beginners and
advanced users. Visit us on our website aquasim.no.

1.2  Knowledge and prerequisites
The course is designed so that you do not need prior knowledge of the AquaSim software. It is expected that
you are confident within data processing (MS Excel and similar), and have basic skills in the following:

- Mechanics
- Knowledge of principles of hydrodynamic
- Knowledge of principles of Finite Element Method and analysis.

To start the course, it is assumed that the AquaSim package is installed locally on your computer.

1.3  Training files
The complete collection of files from this course is found in your AquaSim folder on your computer.

CaseStudy0l
CaseStudyl2
CaseStudy03
CaseStudyld
CaseStudyls

Figure 1

1.4  Conventions and fonts in this course
Conventions and fonts applied in this course are described in the table below.

Convention Description

> (greater than) Meaning the next step in your selection procedure. Example: Right click node >
Nodes > Pointload.

Consolas Is applied for commands and options. Example: Right click component >
Type > Beam.

Oxygen Is applied for headings that separates the main steps in each course:
introduction, preprocessing, calculation and postprocessing

Trade Gothic Next Indicates names, folders and files.

Light
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1.5 What is AquaSim?
AquaSim is an analysis tool developed by Aquastructures. The software is based on the calculation method
Finite Element Method (FEM). It is applied for structural analysis of marine- and land-based structures.

The AquaSim package provides a complete solution from preprocessing with drawing and specification of
material properties, calculations of response due to environmental loads, to postprocessing and presentation
of results.

AquaSim is based on time domain analysis, meaning it accounts for time-varying loads.

1.6  What is Finite ELement Method?

Finite Element Method (FEM) is a numerical technique for solving of partial differential equations. FEM is
based on subdividing a structure into a discrete number of smaller elements. This is done through
discretization. Simple equations are established for each element and assembled into larger systems of
equations to solve the problem. Fundamentals of the Finite Element Method in AquaSim is found in the
AugaSim Package Theory User Manual https://aquasim.no/resources/documentation.html.

1.7  The AquaSim package
AguaSim consist of three modules:

- Preprocessing with use of AquEdit and AquaCross
- The calculation engine, also known as solver
- Postprocessing with use of AquaView and AquaTool

1.7 AquaEdit and AquaCross

AquaEdit is applied for preprocessing and preparation of analysis. The numerical model is established
through a graphical interface. The components that constitute the model is given properties in terms of
geometric cross-section, stiffness, weight, and material properties. AquaCross is an add-on in AquaEdit for
drawing of complex cross-sections. Discretization of your model is done in the preprocessing phase, where
the model is divided into a discrete number of elements.

The user interface is set up as most computer aided programs — with symbols and options. In AquaEdit, the
analysis parameters are defined in terms of environmental loads, time series, result- and export selections.

2] - o X

O 0108 19729 | 00000 | Snapmodifier 1.0 Component |

Figure 2 AquaEdit
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AquaSim utilize four main component types to resemble structures, these are:

- TRUSS component: applied for wire, rope, chain and similar structures with circular cross
sections. Capable of withstanding tensile and compressive loads.

- BEAM component: applied for structures with more complex cross sections, such as I-beams,
floating collars, barges and so on. Capable of withstanding axial-, torsional-, and bending loads.

- MEMBRANE component: applied for rendering of net pens, tarpaulins, shell structures and so
on.

-  NODE2NODE component: applied for contact forces and similar. This is a component with a
spring in each end of the discrete element.

1.7.2 Calculations
The numerical model is exported to the calculation engine which solves the partial differential equations
based on the input from AquaEdit.

1.7.3 AqguaView and AquaTool

The AquaSim package provide two regular postprocessing tools: AquaView and AquaTool. Good
visualization of the results is important for the understanding and safety of the analyses. AquaView provides
a 3D presentation of your numerical model along with resulting deformations, forces, and stresses.

AguaTool give access to the same results as in AquaView, only the presentation is different. AquaTool
provides results in terms of tables and graphs, useful when handling large datasets.

Figure 3 AquaView
| ra

Status

Project status
Loaded fies Often used tasks
run_OPFAT.avz* Elements.
T3V 3285 1037 C: 4
Max
Gat alemant max Von Mses stress for 3 series of timesteps in 3l datasets
Components.

Breaking loads
Graph 81 bresking loads for components

Max &min values
Get max and i values per component

Other

Sea movement
Draves 2 graph of the most kel se2 node

Calaiated Sea movement
Dravis 3 graph of the ses movement

Figure 4 AquaTool
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1.8  Errorsin FEM

When building and discretizing models, errors may occur. Errors can originate from the model or in the
calculations. Model errors are typically connected to discretization of the model, properties of components
or inappropriate boundary conditions. This often leads AquaSim unable to calculate equilibrium between
internal forces (cross section properties) and external forces (environmental loads), and the calculations tend
to diverge. It is therefore important prior to building a model, to assess the nature of the problem: what is the
purpose of your analysis, what are you going to investigate, can the problem be simplified?

Errors originated from the calculations are often connected to round-off problems from the solver. These
errors are for most practical purposes very small.

1.9  Analysis process

Regardless of the problem investigated, you are going through the same process every time. Problem solving
in AquaSim may be divided in the following main steps:

Preprocessing:

Creating a model:
The problem is defined, and a model is established in AquaEdit.

Cross section properties:
The model components are given cross sectional properties in terms of geometric
cross-section, stiffness, weight, and material properties.

Discretization:
Discretization is conducted parallel to establishing the model.

Boundary conditions:
Boundary conditions are set mostly in terms of constraints at nodes. Allowing, or
disallowing, translations, and rotations in 3D space.

Calculations:
Analysis parameters are defined prior to export of the model, these are set in terms of
environmental conditions (wind, current and waves), time domain parameters, result
selections and export alternatives. The model is exported, and calculations starts.
Displacements and stresses are calculated.

Postprocessing:

Results are assessed in either AquaView or AquaTool.
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2 Case study 01 - Cantilever beam with force

2.1 Learning objectives
Upon completion of this case study, you will be able to:

- Navigate in AquaEdit

- Specify properties of beam component

- Verify model

- Know basic properties of analysis parameters
- Establish an analysis folder and run analysis
- Open, and navigate, in AquaView

- Assess the influence of model discretization

2.2 Introduction

In this case study you will determine the shear force of a cantilever beam with rectangular cross section. The
beam is exposed to a horizontal point load, giving rise to shear forces.

Beam

— > Force,
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2.3 Preprocessing

1Load From the Start menu on your computer search AquaEdit, or double click on AquaEdit
preprocessing shortcut from your desktop. The preprocessor AquaEdit will be loaded.
tool

I - o x

o= pe——— Y TN - R p—— -
Bl -DE08 S OBHMEG / X4#=L00 4RO ‘
™~

@ N

x ¥ z [0 90640 53872 00000  Snapmodifier |10 Component 1 — i
2 Review In this section, an introduction to the interface of AquaEdit is presented. For more
interface of detailed information, please see the AquaEdit User Manual found in your installation
AquaEdit folder Aquastructures\AquaSim\doc or at aquasim.no.

The Toolbar provides quick access to the most common used features: settings for 3D
view, camera views, drawing intents and export menu.

Update Grid |Axis || Membranes ||shapes | Crossection Normals snap |FE]| 1] [ F. [. 88| = B export Copymodel

Blyrowee r0OBHME0 /X v=/,L BN+ 4F0Om

The main view is where the model is created, showing nodes and elements with
respect to the global coordinate system.

The left and right columns in the main view are docking areas for object-, decorator-
and component property windows. These windows can be dragged and dropped for
customized views.
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The Components window provides a list of all the components in your model.
AquaSim provides four main component types (TRUSS, BEAM, MEMBRANE,
NODE2NODE) as described in section 1.7.1. Each component represents a collection
of element properties in your model.

The lower most toolbar provides access for typing coordinates of nodes and elements
(useful when you need accurate positioning). Further, coordinates of your mouse
pointer in the 3D view and tooltips are found here.

X Y z [ | -3.1252 -32.3827 | 0.0000 Snap modifier |1.0 Beam

You are to establish a BEAM component. In the Components window, AquaEdit by
default present the first component as type TRUSS. To change this, right click
1 Component > Type, select BEAM.

1 Component I WSS
Type 4 TRUSS
Visibility > BEAM

MEMBRANE
Lock

. MNODE2NODE
Deactivate

MEMBRANE_X

Operations >

Delete

Library

Edit

New component

. v .
Select the intent Draw line +_| from the Toolbar menu. Move the mouse pointer
down to the lower most toolbar to type the coordinates of the first node, X=0 Y=0

z=0 " - & 5 press ENTER on your keyboard.

Now, select the checkbox to the right of coordinate Z. This will activate relative
coordinates to the first defined node, type X=0 Y=0 zZ=-20

o L 2= “ press ENTER on your keyboard. Then, exit the
Draw line intent by selecting Pointer, or press ESC three times. You should now
have one element connected with two nodes, in your 3D viewer.

£4 - o x
andsTools Viindows _Help

O ey e p————— T | Y [ —
SO EH D~ X4 = oo -~ArR0O€®R

<00, 4.0, Wo>
ooooano

£
0.0, 0.0,0.05 oooooo \
o3 Wt .
Hew companent
o zn

[z 0BT [ 0067 | 000 | Snspmodfir 10 | | Besm
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5 Properties of You should give the beam cross sectional properties by accessing the Edit beam
Beam window. Note that the component name is in italic, this indicates that it lacks
component essential properties for analyzes to be performed. Right click 1 Beam > Edit.

1 Component 1

Set name

Type >
Visibility >
Lock
Deactivate

Operations *

Delete
Library
Edit

Mew component

In the Edit beam window, the first view you meet is the Information-tab. In the
Information-tab you may assign general information to your beam and either draw a
cross section from predefined sections or access AquaCross for customized sections.
In the row Name, type the component name Beam.

Edl Edit beam: 1 Beam x

Information Name Beam
Material / section properties
Stress calculation Description

Element loads
\Advanced Type Morison submerged oo

Data source |Custom ~

Wisual crossection

Symmetrical [_] Asymmetric ends A B | Scale Move

——
2,0000

2,0000 4

Cancel

Press the drop-down menu from Data source > Massive rectangular.

Data source |Custom e
Custom

Tube

Hollow rectangular

IH-beam
AguaCross
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The wizard dialogue for predefined sections is opened. Change Material from
Plastic to Steel. Press OK, and then OK in the Edit beam window.

R4 Wizard dialog X

Tube Hollow rectangular  Massive rectangular | IjH-beam Double tube
Bl Geometry properties

Height (H) 500.0 mm

Viidth (W) 200.0mm

El Material properties
Material Plastic D

E-modulus Steel
G-modulus <Custom>

Poisson's number 0.3
oK Cancel

The name of the component should have changed from italic to straight font, meaning
the beam has adequate properties.

1 Beam BEAM

Mew component

6 Save the Good saving routines during modelling is important to ensure that work is not lost. In
model the top menu, select File > Save as..

File Edit Commands Tools Windows Help

New
(5 Open Ctrl+0O
Open recent »
B save Ctrl+§
Save as...

Save as release
Settings... F2

Model properties

Exit Alt+F4
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Navigate through the File Explorer to a suitable place to save your model. In this case
study, we have created a folder in Documents\AquaSim called
Analyses\CaseStudyO1. Assign model name Beam and press Save.

The cantilevered beam should be restrained from translation and rotation at the top
end and exposed to a point load in x-direction at the lower end.

In the 3D view, use the mouse pointer and click on the node in the origin of the
global coordinate system. The Nodes property window will be activated in your left
docking area. In the row DOF (Degrees Of Freedom), select all the checkboxes.

L] - o %
File Edt Commands Tools

Update Gl |Axis | Membranes |shapss | Crossecten Momals sna [R) |10 [ Fu [ B8 OV H expot copy model

Pl :: o] SO E [ X 7 = O& +«~ 4% 0%

uuuuuu

<0.0,0.0,0.0>
= =] )

oooooo

-m

e — |

In the DOF row (counted from left to right): the first three checkboxes represent
translation about x-, y- and z-axis respectively. The three last checkboxes represent
rotation about x-, y- and z-axis respectively. One selection represents a constraint, so
when all the checkboxes are selected the node is restrained in all Degrees Of
Freedom. Having one or more restraints, the node in the 3D view will change from
black to blue.

The point load is to be assigned to the free end of the beam. In the 3D view, use the
mouse pointer to select the free end of the beam. Right click > Nodes >
Pointload > Create new.

Nodes > Pointload > Add to..

Elements Impulseload > Create new
Components Spring > ‘Add from library >
Membrane Shape
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In the Pointload window, type Force X=1000. The directions for force and
momentum are applied with respect to the global coordinate system. A positive value
in X-direction correspond to a force acting in the positive x-direction. Click OK.

B4l Pointload X
8 Pointload
Name
Load type 0 |
E Force
X 1000.0N
Y 0.0N
z 0.0N
B Momentum
X 0.0Nm
¥ 0.0Nm
z 0.0Nm
B RAD
RAC type Normal |

RAQ table (none) = [l

[shape active | Edit shape oK Cancel

The Decorators window in the docking area to the right lists the node decorators in
the model. In addition to Pointload, nodes may have decorators such as impulse load,
spring, shape and more.

In the 3D view, the node with the Pointload change color from black to red. In
addition, the arrow indicates the direction of the applied load.

ecoratars
Al w
PointLoad 1 pointioad [l

1 Beam eeant [l

New component

The model is complete. To verify the model is correct and without errors, select
Commands > Verify model. If the model has errors, AquaSim will suggest
solution to fix it. Read more about errors and warnings in the AquaEdit User Manual.

&#% Model errors and warnings P4

[BUEEESS) Mo problems detected

Fixe Fix problem type Fix all

Zoom to problem Settings Close
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2.4 Calculations

10 Enter
Environment
window

11 Environmental
loads

12 Time serie
parameters

Now that you have a complete model without errors, the next phase is to prepare the
analysis. Before analysis can start, export parameters must be defined. In the Toolbar

Export
menu, select Export P

Nr Amp[m] Tl V[deg] cX[mfs] c¥[mfs] wX[m/s] wY[m/s] Comment Group
I R R T R R |

“Regulr Wave* | o |

Generate iegular wind oK Cancel

Deformed by current and waves

[ spit file by timesteps 100

“00.0m [ Extracttmestep rangs

The Environment window is opened. Here, parameters for environmental loads (wave
height, current and wind) are defined. In addition, analysis parameters such as
discretization of water surface, configuration of seabed, type of results to be reported
and so on is set.

In the upper part of the Environment window parameters for environmental data is
defined. AquaSim is based on analysis where the user defines sets with combination
of wind, current and waves. These sets are referred to as load conditions or sea states.
Details of this will be discussed later in this course.

AquaSim apply static and dynamic loads in incremental steps. This is to ensure a
stable analysis and that a numerical solution is found. Static-, (quasi)static and
dynamic loads are applied in order:
Static loads: static equilibrium is calculated between internal and external
loads. Examples: weight, buoyancy, hydrostatic pressure, point loads.
(Quasi)static loads: are applied gradually in a predefined number of steps,
until it is fully developed. These steps are defined in Preincrement.
Examples: current and regular wind.
Dynamic loads: are applied on top of the static and (quasi)static loads,
following the same principle with gradually increasing loads. These steps are
defined in Num total steps for waves and Num steps for one
wave. Examples: regular- and irregular waves and wind.
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You are to conduct a static analysis, so Preincrement is the parameter to define. In the
row Preincrement, type 5. In the row Num total steps for waves, type O.

El Time serie

L_Dreingement 5 |
Max iterations pr step 1000
I um total steps for Waves 1] | |
Mum steps for one wave 20
Convergence criteria 1.0
Change dynamic convergence criteria 0.0
Current reduction type Deformed by current and waves j
Infinite depth
Depth (wave profile) -1.0m
[ Cresting wave factor 0.0
13 Export In the lower right corner of the Environment window, export selections are available.
selections Here you may choose what types of files to be generated/ deleted upon export,

priority and grouping of analysis and selection of available solver versions. Make the
same selections as in the figure below.

[] Create max out file

[] Export groups

ar

Automatic grouping 4
Delete AVS files after run
Analyse immediately after export
[ Enable low pricrity processes
[] Omit PFAT files from analysis
Verify model when exporting
[ split file by tmesteps 100

[] Extract timestep range

| aquasim_2_16_4.exe ~ Export

Select Export.

You must decide for where you want to save the analysis. Navigate to an appropriate
place on your computer. In this case study, we have created an analysis folder in
Documents\AguaSim\Analyses\CaseStudyO1 called StaticO1. Type an analysis
name e.g., staticO1_.

B4 Export file X

Lookin: || | Staticd1 B =

Siste elementer

Skrivebord

ALy

Dokumenter

2

Denne PCen

W e [sowon

Nettverk

Files of type: | Aquasim batch file ~ Cancel

Select Export.
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14 Run analysis  Upon selecting Export, you will be presented with an analysis window. To start the
analysis, press Start or Start all.

i Analyse — O X
. static_01.txt: waiting Time remaning: MNfA
Start all Open folder Create max out Close

The progress of the analysis is shown with a green bar moving from left to right.
When the analysis is finished, the analysis window will have status finished. You
have now successfully completed the analysis.

2 Analyse - O *
[ static_01.txt: finished Finished (00:00:00)
Show messages Open
Start all Open folder Create max out Cloze
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2.5 Postprocessing

15 Open result
file

16 Review
interface of
AquaView

In the Analyse window, select Open. This will load the postprocessing tool
AquaView. The model is presented in a 3D view as it was built in AquaEdit.

aquasim

The blue square seen in the 3D view, is the water surface. This is adjustable in size
and transparency.

In this section, an introduction to the interface of AquaView is presented. For more
detailed information, please see the AquaView User Manual found in your
installation folder Aquastructures\AquaSim\doc or at aquasim.no. The top Toolbar
menu provides access to view analysis results, camera views and tools.

Hestlt™ "Show™ Front Left Right Top Bottom 150 Zoom Zoom toresult Tools  Help

The main view is where the model is presented with results in time-domain. Several
blue bars are seen to the left, right and above the main view:
- Left side: controls the Graphic color palette. By click and drag, the color
rendering of results in the main view is adjusted.
- Right side: controls the visual size of the nodes for a selected element in
the model.
- Top: controls the transparency of the water surface.

-«

aquasim

P

———
——
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18 Plot shear
force
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At the lower most part of AquaView, you find the playback controls. It enables for
continuous playback of the analysis, as well as choosing specific timesteps. Options
for recording of videos and screen shots are also found here.

M) 44) (k) (W) M) ) =

You should adjust the size of the water surface. From the top Toolbar menu, select
Tools > Water surface >Set water surface.

Set cut planes

Set background colour
Set mouse sensitivity

Set scaling for the axes

) BT Set WaterSurface X
Views >

X-min -10.0 X-max 20.0 Find x values
Water surface > Show
¥ Show shader i 0.0 Y-mas 20,0 Find y values
Calculate volume
Divide-X 100 Divide-y | 100 Find divide values
Calculate area Set water surface

Load secondary results Get wave height Cancel

In the Set water surface window type X-min=-10 Y-min=-10 X-max=20 Y-
max=20. Select OK.

The size of the water surface is updated.

MIN MAX

From the top Toolbar menu select Result > Local section forces > Shear
force Z [N]. You should see the shear force in z-direction for the beam in the 3D
view. By pressing ' the results from time domain analysis are played. Observe how
the beam deform and the colors change as a function of analysis steps.
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|

Restlt™Show™ " Front [eft Right Top Dottom 150 Zoom Zoom toresult Tools Help

980,00 I

MIN MAX !
I Local section forces > Shear force Z [N]

980.00

980.00
980.00
980.00
980.00

I 980.00

980,00

DRORORCRONCRON- |

Step 1 is results from calculation of static equilibrium between internal force in the
beam (weight, buoyancy) and the external force from the point load. Step 2-5 are
identical to the results in step 1, this is due to only static forces are defined prior to
calculation. (Quasi)static loads (current, regular wind) are not included in the

analysis.
19 Graphing The results may also be presented in a graph as a function of analysis steps. Use your
results for mouse pointer and right click on the beam element in the 3D view. The Element
element result window will appear, presenting the results both as a table and in a graph.

BTl Local section forces » Shear force Z [MN] x

Step Local section forces = Shear force Z [N]

ey
580,00
580.00
580,00
580.00
___980.00

u
1
z
3
A

Copy al to dipboard View local section forces Add series Remove series Set labels

1000 |

7
800 /

OA
a00
400 /‘
00| /
@ LV
o 1 2 3 4 5
Local section forces = Shear force Z [M]
Component (1): Beam
Element number: 1
Position of node A (2): 0.00, 0,00, 0,00
Pasition of node B (1): 5.973E-3, 0.00, -20.00
Length: 20.00m
S

As mentioned earlier, each element is connected by two nodes. In the Element result
window, results are presented for node A (the first node of the element) and node B
(the second node of the element). By selecting the checkbox B, shear force for the
free end is presented. Take note of the maximum shear force at node B is 980.0 N at
step number 5.

This section is now completed, close the Analyse window.
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2.6 Discretization

20 Discretization One important aspect was not considered when the model was established in

AquaEdit: discretization. In this section, you are going to see the effect of
discretization of the model on analysis results.

Go back to your model in AquaEdit or chose the premade model from
Documents\AquaSim\Demoes\CaseStudy_01\CaseStudyOl.amodel. The
premade model is loaded in AquaEdit by double click on the file.

You should divide the element into smaller entities. From the intents in the Toolbar

menu, select Split line [:| The Tool properties window is activated in the left
docking area, with settings for splitting of elements. In the row Number of

elements, type 10 and press ENTER (alternatively select the arrow "= until you get
10).

Tool properties

Number of elements 105

[ split at distance

Split selection

Move the mouse pointer to the 3D view until it is situated above the beam element,
then 1left click.

Your beam should now consist of 10 elements.

[PPSR e e e w—— |1 3 out Cormad

"
Fie 66t Commands Took Windom Hep
[ @
T~ B onton [l
!
@080,00 EECEEE .
-

3 0BT | 0300 | Sewpemesser |10 [ Pointes] Chic o sfect e o sl

All the elements that constitute your beam shear the same properties because they are
grouped within the same component Beam.
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21 Visual cross Until now, your beam is just presented as a straight line in the 3D view. From step

section number 5 in this case study, you remember the beam was assigned a visual cross
. . . Crossection
section. To turn on the display of the cross section, select | | from the
Toolbar. Then, zoom into the beam by Scrolling upwards.
e el Rl e
—
[
=
22 Enter The model is now ready for analysis. Access the Environment window by selecting
Environment |Expu|'t | . .
window Export from the Toolbar. Leave the Time serie parameters and Export
selections as described in section 2.4.
= D"Em "\4 Amp]m] TE Vldeg] X[mjs] <¥mfs] wX[m/s] ¥[mfs]  Comment t Group
| ] o i oo o o o o Requer e | o |
s # | []Create max out fie
Demortroes -
%DD :Eletﬁ Avsgﬁ\e:a:sv run
0.0 Analyse immediately after export
formed by current and waves =| | [JEnable low priority processes
10 ] Omit FFAT files from analysis
0.0 Verify model when exporting
S Fi—
23 Export In the Environment window, select Export. Create a new folder for analysis. In this
selections case study, we have created an analysis folder in

Documents\AquaSim\Analyses\CaseStudyO1 called StaticO2. Give the analysis a

name e.g., staticO2_.

B3 Export file

Lookin: Static02

&

Siste elementer

Skrivebord

|

Dokumen

=

Denne PCen

ter

Flename:  static02_

Nettverk

Files of tyoe: | Aquasim batch file

Export

Cancel

Select Export.
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24 Run analysis  The Analysis window appears. To start the analysis, press Start or Start all.

2 Analyse - O *

. static2_01.tt: finished Finished (00:00:00)

Show messages Open

Start all Open folder Create max out Cloze

When the analysis changes the status from waiting to finished, select Open in
the Analysis window. AquaView should be loaded.

25 Plot shear From the top Toolbar menu in AquaView, select Result > Local section

force forces > Shear force Z [N].Jump to the last analysis step by selecting * from
the Playback control in the lower left corner of AquaView. Adjust the transparency of
the water surface by dragging the blue bar in the top of the 3D view to the left.

Show | Front Left Right Top Bottom 150 Zoom  Zoor

9%6.99 e |

MIN MAX i
I Local section forces > Shear force Z [N]

996.93

992,98

988 .96

98495

980.93

I a76.91 I

You may observe that the color of the beam is different for the first analysis.
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Use your mouse pointer and right click on the free end of the beam in the 3D
view. The Element result window will appear, presenting the results both as a table
and a graph.

E™l Local section forces > Shear force Z [N] X

Step Local section forces = Shear force Z [N]

1996.99
1996.93
1996.93
996,99

B =[]~

Copy all to dipboard View local section forces Add series Remove series Set labels

1000 b
/

800

Oa
a00
400 /"
w0 | S
@ LV .
0 1 2 3 B 5
Lacal section forces > Shear force Z [N]
Component (1): Beam
Element number: 10
Pasition of node A (2): 5. 105€-3, 0.00, -18.00
Position of node B (1): 6.004E-3, 0.00, -20.00
Length: 2,00m
Frrr—ee

By selecting node B, the shear force for the free end is presented. Take note of the
maximum value at node B is 996.99 N at step number 5.

26 Comparing By comparing the two analyses static01_ and staticO2_ it is seen that the
results and discretization affects the results. Both color rendering and the magnitude of the shear
summary force is affected.

aaaaa 1 |

o e
| Locet sectantorces»Shea frce 2 M) 7Y | Locatsectontorcen Shearorce 200 :
440,00 'f; = 596499 [ :ﬁ
H aguasim aquasim
94000 90298
58000 98898
sa000 9pass
ss0.00 I 95093 I
- L. |
96000 o
&% om 3 [cevcwsom ——

[] 5 ] s

Model Shear force Z [N]
1 element (Static01 ) 980.0
10 elements (Static02 ) 996.99

You can experience smaller differences between your own results, and the one
presented here. This may be due to different solver versions being applied. We see
that the shear force increases with more elements in the model. This is because the
beam becomes less stiff with increased number of elements.

This case study is now finished.
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2.7 Summary

We modelled a simple beam to introduce the AquaSim interface and analysis functionality. A static analysis
was conducted with two different discretization of the model: one with 1 element and the second with 10
elements.

We have seen that the number of elements in the beam affect results from the analysis, it becomes more
accurate with more elements. If you had divided the beam into more than 10 elements, you might see the
shear force increase slightly more.

At some point you will see that further increase of elements in the model will not affect the results; it
converges to a final value. However, the more elements your model contain, the more comprehensive and
time-consuming the calculations becomes.
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3 Case study 02 — Winch system

3.1 Learning objectives
Upon completion of this case study, you will be able to:

- Assemble a model with different component groups
- Specify properties of TRUSS and BEAM elements
- Establish winch as node decorator

- Add built-in shape to node

- Verify model input through static analysis

- Execute static analysis

- Execute multiple non-linear dynamic analyses

- Copy results from AquaView to Excel

3.2 Introduction

In this case study you will establish a system consisting of wire, beam, and winch. The wire is winching the
beam from air through the water surface. You are going to assess the forces in the wire for two combinations
of environmental loads (also referred to as load conditions). Before dynamic analysis is conducted, the
weight of the system should be controlled through a static analysis.

Beam
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3.3 Preprocessing

1 Load AquakEdit

2 Create
component
groups

As you learned from the previous case study, AquaEdit is the preprocessing tool, and
where the analysis parameters are defined prior to export. From the Start menu on
your computer, search, and load AquaEdit.

New component

O 408 | 5253 00000 | Snapmoddier |10 Camponent 1

The grid in the 3D view can be toggled on an off by selecting lﬂ| from the Toolbar
menu.

In this case study you will need two component groups: one for the wire and one for
the beam structure. In the Components window, select New component.

1 Component 1 TRUSS

| New component

The wire should be of component type TRUSS, and the beam should be type BEAM.
Component type TRUSS is a structural element capable of only resisting tensile and
compressive forces. Since a wire is flexible and bend easily, TRUSS is selected. The
beam in the end of the winch system, is intended to be stiff, resisting both axial- and
bending forces. Therefore, the BEAM is selected.

By default, AquaSim generate new components of type TRUSS. You need to change

one of the component types. In the Components window, right click
Component 2 > Type > BEAM.
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properties

1 Component 1 TRUSS

2 Component 2

Set name

Type > TRUSS

Visibility > BEAM
MEMBRANE

Lock

NODEZNODE
Deactivate

MEMBRANE_X
Operations >
Delete
Library
Edit

aquastructures

Note that when changing component type to BEAM, Component 2 jumps to the top
of the list. AquaSim order the component types with BEAM at the top, then

MEMBRANE, TRUSS and last NODE2NODE.

The wire and beam have cross sectional properties as specified in the table below.

Properties of wire Value
E-modulus 1.0E+11 N/m2
Area 2.83E-03 m
Weight in air 5.3 kg/m
Diameter 0.03m

Properties of beam Value

Length x Width 1000 mm x 1000 mm
Density 1200 kg/m3
E-modulus 2.1E+11 N/m2
G-modulus 8.08E+10 N/m2
Poisson’s number 0.29 -

Weight in air 1200.0 kg/m

In the Components window, double click Component 1 to access the Edit truss

window.
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Give the component a suitable name, we have called it Wire. Type the information
from the table in the Edit truss window.

Ral Edittruss: 2 Component 1 X
Information O Information
Wind load Name Wire
Damper Description
Advanced B Properties
E-modulus 1E11Nfm~2
Area 2.83E-3m"2
[ volume 2,83E-3m"3
Mass density 1872.791519 kg/m~3
Weight in air 5.3 kg/m
[ weight in water 2.39925 kg/m
B Drag loads
Diameter ¥ 0.03m
Diameter Z 0.03m
Drag coeffident ¥ 12
Drag coeffident Z 12
Added mass coefficent ¥ 0.0
Added mass coefficent Z 0.0
O Default values
No compression forces O
Pretension 0.0
Breaking load 0.0N
Material coefficient 0.0
Rayleigh dampening (mass) 0.0
Rayleigh dampening (stiffness) 0.0
Longitudinal drag coefficient 0.0
Cancel
Select OK.

In the Components window, double click Component 2 to access the Edit beam
window. In the row Name, give the component a suitable name. We have chosen
Beam. The row Type provides a dropdown menu for selection of load formulation.
A load formulation is a set of differential equations for calculation of external loads
on the component. Morison submerged calculates the loads based on Morison
equation. Hydrodynamic calculates the loads based on strip theory in combination

with Morison equation. Choose Morison submerged.

From the drop-down menu in Data source select Massive rectangular.

B3 Editbeam: 1 Component 2

Visual crossection

Symmetrical [_] Asymmetric ends

5 Scae Move
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The Wizard dialogue for cross sections will be loaded. In the section for Material
properties, select <Custom> from the Material list. Type the values provided
for density, E-modulus, G-modulus and Poisson’s number. In the Geometry
properties section, type the dimensions of the cross section.

Tie oo rctamer Mo et ptbean
51 Geommetry properties
e )

Select OK.

A preview of the visual cross section is found in the lower part of the Information
tab. It is possible to edit this by manually typing coordinates of the cross section and
move it up or down with respect to the local coordinate system. This will not affect
the calculated cross section parameters as specified in the Wizard dialogue.

B4 Edit besm: | Besm X

Vel cromsection

One parameter is remaining for the beam: the weight in air. Select the Material /
section parameters-tab to the left in the Edit beam window. Here, cross
sectional parameters for the beam are presented. Navigate to the row Weight in
air and make sure it says 1200.0 kg/m.

X

Longtudinal drag coeficent

(o] s

Select OK in the Edit beam window.
Page 30 of 133



&L IER

4 Winch system,
drawing

5 Draw beam
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Notice the name of the component is changed from Component 2 to Beam, and that
the font is changed from italic to straight. Indicating the component has necessary
properties for analysis to be conducted.

Components

The winch system should have the dimensions as described in the figure below.

z=25m W

11m

8m

You are first to model the beam, then the wire.

When drawing structures, the current component must first be activated. Activate the
beam component by 1left click on 1 Beam in the Components window.

Components

1 Beam

2 Wire TRUSS

—
From the Toolbar menu, select the intent Draw rectangle [E| Move the mouse
pointer down to the lower most toolbar to type the coordinates of the first node,

X=-10Y=10 z=6 *** L i = press ENTER on your
keyboard. Select the checkbox to the right of coordinate Z. This will activate relative
coordinates to the first defined node, type X=20 Y=0 z=0

X0 il L ¥ press ENTER on your keyboard. For coordinates

of the last node, type X=0 Y=-20 z=0 ** i 2L , press
ENTER on your keyboard.

Page 31 of 133



aquasim

6 Draw wire

aquastructures

it Ce s Tools Windews Help
e Giid |Aals [Membranes [|Shapes | Crassection Nermds snap [F)| (12| [ E. E. B (O [ Ewot Copymodel
0O\ o FOEMED /S Xos o8 %4 R 0%

E] 100664 04009 00000  Snap modifier 10 Beam

The color of the 1 Beam can be changed by 1eft click on the brown rectangle in
the Components window. We have chosen blue.

{8y Select component colour %

Swatches HSV HSL RGE CMYK

T O O
I [

F‘m

Fsl
"
g

a - Wl Sample Text Sample Text
. | . Sample Text Sample Text

Cancel Reset

Select OK.

Activate the wire-component by 1eft click on 2 Wire in the Components window.

Components

/1 Beam
2 Wire

. . s .
From the Toolbar menu, select the intent Draw line EJ Move the mouse pointer
down to the lower most toolbar to type the coordinates of the first node,

X=0Y=0z=25 ** i i ¥ press ENTER on your keyboard.
For the next node, make sure the checkbox for relative coordinates is still activated.
Type X=0Y=0 Z=-11 *° X 2 . press ENTER on your

keyboard. To exit the Draw line intent, select Pointer @ or press ESC three times.
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[ - o x
| e £ Commands Tock Windows Help
4 s |Membranes [ shages | croseecs o tormak soon (M) (1) L B Fs B[00 [ toat Coprmodel

S OB M I X7 = (= SN N = |

wwwwww

Campenerts

FiNTY I3 DTS 0M000  Soep meddie |10 W

To draw the wire legs, select Draw line [E‘ and activate Snap lsni| The snap
function forces the selected intent to snap to the node closest to your mouse pointer.
Move your mouse pointer to node number 1 (as indicated in the figure below) and
left click.

-
e e p—— - L] B ot coprnade

SOB M | X v = oa -+ ARO®=

Z/u 2T W00 Sowp modfie |10 Wae

The black line between Node 1 and Node 2 is a preview of the drawn line. Move the
mouse pointer to Node 2 and 1eft click on it. To escape the continuous line press
ESC once. Then reselect Node 1 and move your mouse pointer to Node 3 and left
clickonit.
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roBm e fOBME 0/ X4=.L00¢ 4R070
] Srghe Ine mode:
s
Node 1 o
Node 3 1 geam B |
m -
,,—/
Node 2 Node 4
<\\
- /
[T Node 5
W corparent
Xo Yo Z-11 B 3020 47T 00000 Snap modifies 1.0 Wire

aquastructures

Repeat this for Node 4 and Node 5. When finished, select Pointer to escape the

Draw line intent. The result should look like the figure below.

Lt ] - a x
Fie Bt Commends Tock Vindows Hep
Update Grid Asis |Mambranes | shapss | Crossection Normds [snap P 1| [ E. F. B8 QY B ewon cooymedd
B/rouneesfOBHE 0/ X4=.00 44R0%
Teel proparties - rer ator
——

=

)1 Beam = ]

X0 Yo 2|11 E] 63660 20563 00002  Snap modfier 1.

o

Wire
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A winch is applied to one end of an element. Select the vertical wire element in the
3D view by left click > Elements >Winch > Add winch.

[F] - o x

b Edit Commends T

3
pdate Gid s [Membr Crassecton Nermdls [Snap| M| 12| [ B B2 B O E Exot Copymodel
|b.DL‘IC;--a“JH T X< = O8 « AR 0O%w

M aptions for s tool

|w ¥jo Za F] 514176 50738 00000 Snapmoddier |10 Wire |

The Edit winch window opens. The winch can either winch out or in, this is selected
from the drop-down menu of Winch type. The velocity of winching in or out is in
m/s. When winching out, AquaSim adds elements, and in Segments you can specify
how many elements AquaSim should add. The selection Reversed allows to change
which node the winch should be placed.

The winch type should be Out. Type winch velocity 1.0 m/s, and number of
segments should be 1. By default, AquaSim places the winch at the second generated
node of an element. You want to place the winch at the node with position z=25m.
Since you started drawing the winch from the top, the second node of the element is
situated at z=6m. To place the winch at the top node, activate Reversed by left
click the checkbox. Then, activate a winch shape by selecting the Shape active
checkbox.

B4 Winch

B Winch
Name Winch 1
Reversed

Winch type Out j

Velocity 1.0

Segments 1

Shape active Edit shape oK Cancel
Select OK.
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The modelled winch is available in the Decorators window in the right docking area.

Decorators

In the 3D view, the winch is visible as a green cylinder.

If you cannot see the green cylinder, turn on the display of shapes by selecting |.5hapes |

in the Toolbar menu. If the winch has not ended up in the correct node, double click
on Winch 1 in the Decorators window to reopen the Edit winch window. Make a
selection in the row Reversed, then select OK.

Make sure to save the model, to reduce risk of loosing data. In the top menu, select
File > Save as..

File Edit Commands Tools Windows Hel,p,
New
Open Ctrl+O

Open recent >

Save Ctrl+S
Save as...

Save as release
Settings... F2
Model properties

Exit Alt+F4

Navigate through the File Explorer to a suitable place to save the model. We have

chosen the folder Documents\AguaSim\Analyses\CaseStudy02. Assign the model

name Winch and press Save.
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10 Discretization
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The wire should be restrained from translation and rotation at the winch. In the 3D
view, select the node with the winch by 1eft click on the node. Go to the Nodes
window in the left docking area, select all checkboxes in the row DOF.

2] - o x
Fie Edit Commends Took Windows Help

Update Grid Asis |Membranss | shepes | Crossection Nermas [snap B 12 [ B B OO B ewon cooymedd
Gl D08 f0OBHE 0/ X4=L08-+4AR0%

M aptions for s tool

<0.0,0.0, 25.0>

HMEEMEEE

s //// \\\
e P
P
\\ P
g

New companent

O |-wawr | 23984 0000  Smapmodier 10 | | wie

Your model is to be discretized. From the Toolbar menu, select the intent

e
Split line [ZJ The Tool properties window is activated in the left docking area.
In the row Number of elements, type 4 and press ENTER on your keyboard
(alternatively select the upper arrow = until you get 4).

Tool properties
MNumber of elements |4 5
[ Split at distance

Split selection

Move the mouse pointer to the 3D view to the vertical part of the wire, apply the
Split element by left click on the element once. Repeat this for all elements
in the model.

L - a x
Fie Edt Command: Tools Windows Help

Updste Gid Asis |Mambranes |shees | Crosssction Normds (sap B 1T Pl P. P B8 [H  ewon coymesd
B/ OBOE S OEMS(

4

P of gamints

X #=:B0 % 4RO

i
\
y
/
/
/

E] 14074 150417 00000  Snap modifier 10 Wire
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Be aware that if you left click an element more than once, AquaSim continue to
divide the elements. If this happens, press CRT + z on your keyboard, or Edit >
Undo Split Element(s) Ctrl+z.

Fie |Edit | Commends Took Windows Help

Y
=

d v o

o Add new component Ctrie Nl

| Add new shape
= cer IR
=L Seectnone sl

L Merge file

Upd Undo Split slementls) CteZ _ssection nemde [snso PR 12| [ B Fu B& O [H ewon cooymesd

= “ RWMNG O X 4 =L08 4RO
Intents > ~

<\\ /’ >
\//

New companent

B os0004 2226331 00000 Snap moddier 1.0 Wire

The model is now complete. To verify that the model is correct and without errors,
select Commands > Verify model.

g; Model errors and warnings

[BUECESS) Mo problems detected

Fix Fix problem type

Fix all

Zoom to problem Settings Close

A complete model without errors is created, the next phase is to prepare the analysis.
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3.4 Calculations static analysis

10 Enter
Environmental
window

11 Time series
parameters

Before analysis can start, export parameters must be defined. In the Toolbar menu,

enter the Environmental window by selecting Export Bxport .

Before a dynamic analysis is conducted, you are going to control the weight of the
system through a static analysis. The weight of the system is controlled by consider
the axial force in the wire.

In the section for time series, type Num total steps for waves= O. This will
leave only the static part of the analysis to be run. The static analysis will be
conducted in 5 steps, as given in Preincrement. Make sure other settings are
equivalent to the figure below.

(1]

womsl % Drectonsl % ¢

=
=)

Gme

Reguie e

In the section Advanced, navigate to Water volume correction, select the

drop-down menu and choose With slamming.

5 |
o ]

1.0

0.0

Deformed by current and waves =
-L0m

0.0

-1000m

1.0
0.0

With slamming ~|

0.0
0.5
Mormal

The Water volume correction is a feature for selecting how AquaSim should correct
the calculation of hydrodynamic properties of elements when they move in and out of
water. Choosing With slamming, AquaSim will identify if BEAM elements with load
formulation Morison submerged, are above or below the water surface.
Hydrodynamic properties will be adjusted and updated for each analysis step. To get
more insight in the different options for Water volume correction, please see the
Theory Manual section Water volume correction.
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Select Export in the lower right corner of the Environmental window. Decide for
where you to save the analysis. Navigate to an appropriate place on your computer. In
this case study, we have created an analysis folder in
Documents\AquaSim\Analyses\CaseStudyO2 called Static. Type an analysis name

e.g., static_.

B4 Export file X

Look in: Static ~ FeEE-

Siste elementer

Skrivebord

A

=

Dokumenter

L

Denne PCen

[

Nethverk  Fies of type:  [Aquasim batch fie v ETE

Select Export.

12 Run analysis  The Analysis window appears, select Start or Start all.

# Analyse - [m] e

[ static_01.txt: waiting Time remaning: N/A

Startal Open folder Create max out Close

When the progress status in the Analysis window change to finished, and a green
box appears the left of the status, the analysis is successfully completed without
errors.

# Analyse - [m] e

[ static_01.6xct: finished Finished (00:00:00)

Show messages GOpen Restart ]

Startal Open folder Create max out Close
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3.5 Postprocessing static analysis

13 Open result
file

14 Plot axial
force in wire

In the Analysis window, select Open. This will load the postprocessing tool
AgquaView.

o
Result™"Show™ [“Front Left Right fop Bottom 150 Zoom Zoom toresult fools  Help

MIN MAX

From the top Toolbar menu, select Result > Local section forces > Axial
force [N].

Show | Front Left Right Top Bottom 150 Zoom  Zoom toresit Tools  Help

Clear data
Color

Node number

Convergence norm

Global section forces >
Local section forces > Axial force [N]
Rotation > Axial force inc net [N]
Slamming > Bending about ¥ [Nm]
Stress component > Bending about Z [Nm]
Von Mises stress [MPa] Shear force ¥ [N]
Location Shear force Z [N]

Distance Torsion mement [Nm]

Displacement

Utilization

>
>
>
Rigid body rotation >
>
Information on springs >
>

Debug

The axial force in the wire connection point is found by 1eft click on the element
between the two green spheres as indicated in the figure below.
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-
how™ | Front Left Right Top Bottom 150 Zi Zoom to result Tools  Help

9.456E5 I

MIN MAX ! i
I Local section forces > Axial force [N]

9.456E5

Take note that the axial force in the element, at the lower most node (node B in our
example), is 9.452E+05 N.

B ocatsction arces » o force 4] x
= [Ep—r—————
1 ls.95E5
g sass
b e
3 s
oo e At | [ oo | [ | [ M| [ Sk
e
oA
e
o
e
oL
[P——
comgonere 2 e
Pl iy
ot f e A 275000,
aaaaa oD (. 0.0 0.
bt
E—

This should correspond to the total weight of beam and wire in air.
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15 Compare
results with
hand

calculations
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From the input table presented in section 3.3 we know the weight per meter for both
wire and beam. You need to find the total length of each element. There are several
ways to do so, one method is presented below.

From the top Toolbar menu, select Tools > Show component lengths. The
Length of components window opens.

BYd Length of components x

Component name Max length
Beam s0.0000
wire |78.7443

The total mass of the components in air is calculated as:
Meotal = Myire + Mbeam = 5.3%9- 78.744m + 1200%9 -80m =96417.3kg
Converting this to Newton, we get the force due to gravity:
96417.3kg - Szm =9.459E 4+ 05N

Hand calculations are compared in the table below:

AquaView [N] Hand calculations [N] Difference [N]
9.452E+05 9.459E+05 -0.07 %

The differences are considered neglectable small. We now know that AquaSim
calculates the weight and axial force correctly.

Exit AquaView and close the Analyse window.
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3.6 Calculations dynamic analysis

16 Enter
Environmental
window

17 Load
conditions

You should investigate the response of the beam when it moves through the water
surface for two different combinations of environmental loads. Each combination of
environmental loads is referred to as a load condition (LC), or sea state.

Go back to the model in AquaEdit. If you have exited the program, the model can be
reopened by doble click onthe Winch.amodel from the File explorer, AquaEdit
will then be loaded.

From the Toolbar menu, enter the Environmental window by selecting Export
Export |

In the upper part of the Environmental window you find the parameters for the
environmental loads. Each line represents one load condition. The input values for
the load conditions are described in the table below.

Nr Amp[m] T[s] V [deg] cX cY wX wY
[m/s] [m/s] [m/s] [m/s]

Row Wave Wave Direction the = Current Current Wind Wind
number  amplitude period wave velocity  velocity  velocity  velocity
of the (M) propagates. along x- alongy- alongx-  alongy-
LC Avalue of 0  axis. axis. axis. axis.

correspond

to along

positive x-

axis.
1 0.5 3 0 0.5 0 0 10
2 0.5 8 0 0.5 0 0 0

Type the values from row no. 1 in equivalent place in the Environmental window.

B4 Environment x

Normal % Directional x  +

Nr Amp[m] T[] V[deg] oX[mjs] c¥[mjs] wx[mfe] w[mjs] Comment Group

Lade|

Varyeg arent Tie dependent current STogular s0d  regular mid

amchude percde. ange. Phaze
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When this is done, select Save. The Add new load window will close, and a new row

has been added to the list.

i::iz-

Normal % Directional x  +

Nr Amp[m] Tls] V[deg] X[m/s] c¥[mjs] wX[m/s] wY[m/s] Comment Group
| 1 0.5 () 0.5 0 1] 0 "Regular Wave™ 0
2 0.5 0.0 0.5 0 0 0 *Regular Wave™ 0

To conduct a dynamic analysis, type the parameters as presented in the Time serie

section below.

. Lime seric ~
Preincrement 5
Max iterations pr step 1000
Num total steps for waves a0
Num steps for one wave
Convergence criteria Y
Change dynamic convergence criteria 0.0
Current reduction type Deformed by current and waves j
Infinite depth
Depth (wave profie) -1.0m
[ Cresting wave factor 0.0
E Bottom
Bottom contact O
Bottom depth -100.0m
Use terrain as bottom 1
Bottom parameter 1.0
Bottom friction 0.0
I Water volume correction With slamming Ll
eported steps 1
Convergence accelerator 0.0
Newmark damping 0.5
Analvsis tung Normal - v

When Num total for waves =80 and Num steps for one wave =20,
AquaSim will conduct the analysis over 80/20 = 4 wave cycles in addition to the 5
preincremental steps. Make sure With slamming is activated as Water volume
correction in the Advanced section.
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19 Export In the export selection section, apply the selections as provided in the figure below.
selections

[ Create max out file
[] Export groups
Automatic grouping =
Delete AVS files after run
Analyse immediately after export
[[] Enable low pricrity processes
[] Omit PFAT files from analysis
Verify model when exporting
[ spiit file by timesteps 100

[[] Extract timestep range

| aquasim_2_16_d.exe e ‘ Export

Select Export. Navigate to an appropriate place on your computer where you want
to save the analysis. In this case study, we have chosen

Documents\AquaSim\Analyses\CaseStudy02 and created a folder Dynamic. Type
an analysis name e.g, dynamic_.

Bl Export ke x

Dynamic v Ao

g
1%
Ig i

Sirmebard

Dommenter

L}

Demne Peen

W rensne (o] [omt |

etk Fies of tyoe: | Aquasiem batch fie v Cancel

Select Export.

20 Run analysis  In the Analysis window you will see the load conditions ready to be analyzed. To run
the analysis of both load conditions parallel, select Start all.

# Analyse - [m] e

[ dynamic_01.txt: analysing... Time remaining: 00:00:03
Show messages Open c

ancel

[ dynamic_02.txt: analysing... Time remaining: 00:00:06

The analysis is finished when both load conditions change the status to finished.

Depending on your computer, this analysis should be finished within approximate 10-
15 seconds.
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3.7 Postprocessing dynamic analysis

21 Open result In the Analysis window, select Open for the load condition called dynamic_01.
file, load
condition 01 If your analysis is not completed, or an error occur, you may load the equivalent file

found in AquaSim\Demoes\CaseStudy02\Dynamic. In this folder, double click
dynamic_01.avz, AquaView should be loaded.

22 Axial force in  You should observe how the axial force in the wire changes as the beam is lowered
wire from air, through the water surface and below. From the top Toolbar menu in
AguaView, select Result > Local section force >Axial force [N].To

get a better view of the lowering process, select Front from the top Toolbar
menu.

] - [m] X

Restlt | Stow' | Front Left” Right  Top  Bottom 150 Zoom " Zoom

MIN MAX
I Local section forces > Axial force [N]

9.644E5

7A12E5
4.596E5

2.072E5
|

To view the axial force in the connection point of the wire right click on the
element as indicated in the figure above. Select P1ay from the playback area in the
lower left corner.

P

S
aquasim
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Observe how the axial force is more or less constant as long as the beam is in air.
When the beam crosses the water surface a significant drop in the axial force is seen.
This is due to buoyancy in the beam and damping effects from the water. Buoyancy
is a force acting in the opposite direction of gravity forces, causing the load in the
wire to be reduced.

By selecting j from your keyboard, you will be provided with the maximum axial
force in the components for the entire analysis. Which timestep the maximum axial
force occur is also provided.

E" Max values for Local_section_forces.Axial_force_[N] x

Component name Componentindex  Value Timestep
Beam it |-4418.63 |70.0
Wire 2 |s.644€5 |s2.0

23 Open result Navigate back to the Analysis window and open the result file for load condition 02

file, load by selecting Open next to dynamic_02.

condition 02

24 Axial force in  To view axial force in the wire, select Result > Local section forces >
wire Axial force [N]. Select the same element as in load condition 01 by right click

on the element as indicated in the figure below.

I aquasim

25 Comparison You should now extract the results from the selected element in AquaView to a
results calculation program after your preferences. In this case study, we have chosen MS
Excel.

In the Element result window for load condition dynamic_01.avz, select Copy all

Copy all to dipboard

to clipboard , the Copy settings window will open.

BT Copy settings
0 Settings
Format efauit
Include only selected rows
B Columns to copy
Steps
Local_section_forces. Axial_force_[N]

O O
4 X

Copy to clipboard Cancel
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Select Copy to clipboard. Open the calculation program and paste by selecting
ctrl +v.

Repeat this for the same element in dynamic_02.avz, paste the results in the
calculation program next to the results from dynamic_01.avz.

0 0
1 9.45E+05 1
2 9.45E+05 2
3 9.45E405 3
4 9.45E+05 4 9.45E405
5 9.45E+05 5
6 9.45E+05 6
7 9.45E+05 7
2 9.14E+05 8
1 9 9.05E+05) 9 9.33E405
12 10 9.00E+05 10 9.32E405
12 11 B.77E+05 11 9.49E405
14 12 B.77EH05 12 9.23E405
15 13 9.10E+05 13 9.22E405
16 14 9.21E+05 14 9.44E405
7 15 9.19E405 15 9.33E405
18 16 9.34E+05 16 9.39E405
19 17 9.38E+05 17 9.17E+05
20 18 9.11EH05 18 9.34E405
21 19 B.97E05 19 9.47E+05
2 20 9.03E+05 20 9.28E+0S|

Create a scatter plot of both result sets. Comparing axial forces between the two load
conditions, it is seen that the magnitude is more or less similar. Before the beam cross
the water surface, axial force is equivalent to gravitational forces of the system.
When the beam crosses the water surface, the axial force drops to about 2.0E+05 N.

Comparison results

0 10 20 30 40 50 60 70 80

Analysis step no. [-]

——dynamic_0lavz ——dynamic_02.avz

However, dynamic_01 has a more gradual decrease of axial force, and the drop occur
at a later step than dynamic_02. This is due to the different wave periods in the load
conditions. The wire is defined to winch out with a constant rate of speed. Since both
load conditions are defined to be analyzed with the same number of analysis steps
(Preincrement + Number total for waves =5+ 80) the beam will pass the
water surface at different analysis steps.

Dynamic considerations are now finished. Exit AquaView and AquaEdit.
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3.8 Summary

We modelled a system with wire, beam, and winch to introduce the feature Winch in AquaSim. This
required that two component groups were established.

A static analysis was conducted to control the weight of the system. Then two dynamic load conditions were

established, and parallel analysis were conducted. The axial force in the wire was extracted from AquaView
to MS Excel to compare the results.
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4 Case study 03 — Aquaculture cage and mooring

41 Learning objectives
Upon completion of this case study, you will be able to:

- Duplicate model components

- Model mooring components

- Mirror model components

- Model and specify properties of buoys

- Load bathymetric bottom (terrain)

- Snap nodes to terrain

- Apply the component library

- Execute static analysis

- Execute multiple non-linear dynamic analyses
- Have knowledge about system files

- Assess maximum forces in mooring components from analyses

4.2 Introduction

In this case study, you are to complete a model of an aquaculture facility and conduct a mooring analysis.
You will first be introduced to the main components of the facility, then complete the model by adding
mooring components and terrain. Through the snap function, the bottom chain is to be lowered to the bottom
providing realistic representation of interaction between mooring components and the seabed.

By a static analysis selected parameter, as mooring rope tension and buoyancy, should be checked.

Having conducted dynamic analysis, you are to find the maximum force in selected mooring components
from these analyses.

Rest | Show | Front Left Rght Top Bottom 150 Zoom Zoom toresdt Toos Help
o672 |
VN M
| Lot sectionforces > pxaltorce 1
o
4916.74 %/ -

aqdasim
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4.3 Main components of aquaculture facility

Most aquaculture facilities consist of an enclosure, permeable or impermeable, connected to a floating unit
in the waterline. The classical facility is equipped with a permeable net pen and a floating collar as the
floating unit. Together these are referred to as cages. The figure below shows a single cage situated in a
frame mooring system. In each corner of the frame, buoys are attached providing buoyancy to the frame and
ease access to components during maintenance. Technical data of the components are described in the table
below.

: 7
/’
Component number  Description Technical data*
1 Inner floating pipe of floating collar PE100, @400, SDR16.7, CIR120m
2 Outer floating pipe of floating collar PE100, @400, SDR16.7
3 Bracket, for positioning of floating PE100, LO.4m, WO0.1m
pipes
4 Railing post PE100, @160 SDR11
5 Railing PE100, @140, SDR11
6 Suspension ring for net pen PE100, @250, SDR11
7 Net pen Sn15.4%
8 Net collector rope 20mm
9 Reinforcement rope 12mm
10 Frame rope 64mm
11 Bridle rope 48mm
12 Mooring rope 64mm
13 Bottom chain 32mm
14 Buoy L1.0m, W1.0m

* Abbreviations: PE=polyethylene, @=pipe diameter, SDR=pipe diameter/wall thickness,
CIR=circumference, Sn=solidity, D=depth, L=length, W=width.
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4.4 Preprocessing

1 Open model Open CaseStudy03.amodel from Documents\AquaSim\Demoes\CaseStudy03.

The model contains an aquaculture cage, and you are to model and add properties to
the mooring components. This includes Frame rope, Brindle rope, Mooring rope,
Bottom chain, and Buoys for positioning of the frame rope.

2 Create Create four new component groups by selecting New component from the
component Components window, one for each mooring component.
groups

1 Inner floating pipe (@400 SDR. 16.7) BEAM
2 OQuter floating pipe (0400 SDR 16.7)  BEAM .

3 Bracket seam I}
4 Railing post (©160 SDR 11) BEAM
5 Railing (8140 SOR 11) BEAM .
& Suspension ring (@250 SDR11) BEAM .
7 MNet (5n15.4%) MEMBR.ANE .
8 Met collector rope (20mm) TRUSS
9 Reinforcement rope net {12mm) TRUSS
10 Comporent 10 wuss [l
11 Component 11 TRUSS
12 Component 12 wuss i

13 Component 13

E New component i

The new component groups are by default added as TRUSS with names Component
10 to Component 13. The ropes and chain are considered as flexible components,
only capable of taking axial forces. Component type should then be TRUSS.
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Properties of the mooring components are presented below.

Properties of Frame rope
E-modulus

Area

Weight in air

Weight in water

Diameter

Drag coefficient

Added mass coefficient

Properties of Bridle rope
E-modulus

Area

Weight in air

Diameter

Drag coefficient

Added mass coefficient

Properties of Mooring rope
E-modulus

Area

Weight in air

Diameter

Drag coefficient

Added mass coefficient

Properties of Bottom chain
E-modulus

Area

Weight in air

Diameter

Drag coefficient

Added mass coefficient

Value

2.1E+09 N/mm2
3.22E-03 m2
1.85 kg/m

0.188 kg/m

64 mm

1.2

1.0

Value
2.1E+09 N/m2
1.81E-03 m2
1.95 kg/m

48 mm

1.2

1.0

Value
2.1E+09 N/m2
3.22E-03 m2
1.85 kg/m

64 mm

1.2

1.0

Value
1.1E+11 N/m2
8.04E-04 m2
20.4 kg/m

32 mm

1.2

1.0

Start with adding properties for Frame rope by right click Component 10 >
Edit. Type the information from table in the Edit component window. When
defining the weight of rope in water, select the check box next to Weight in
water. A warning dialogue appears, stating that it is not recommended to change the
calculated value. We add a slight low weight to the truss, to eliminate the buoyancy

of the truss (i.e. negative values).
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B4 Edittruss: 10 Component 10 X
Infarmation B Information
\Wind load Name Frame rope (64mm)|
Damper Desaription
Advanced = Properties
E-modulus 2.E9N/m*2
Area 3.22E-3m"2
[] volume 3.226-3m"3
Mass density 583.850832 kg/m ™3
Weight in air 1.88 kg/m
Weight in water 0.18 kg/m
B Drag loads
Diameter Y 0.054m
Diameter 7 0.064m
Drag cosfficient ¥ L2
Drag cosfficient Z L2
Added mass cosfficent Y L0
Added mass cosfficent 7 L0
= Default values
No compression forces O
Pretension 0.0
Breaking load 0.0N
Material coefficient 0.0
Rayleigh dampening (mass) 0.0
Rayleigh dampening (stiffness) 0.0
Longitudinal drag coefficient 0.0
=

Select OK.

AquaEdit has the possibility to save and add properties to a library. Making
modelling of components with identical properties more efficient. In the components
window, right click Frame rope (64mm) > Library.

1 Inner floating pipe (&400 SDR. 16.7) BEAM
2 OQuter floating pipe (0400 SDR 16.7)  BEAM .

3 Bracket seam [}
4 Railing post (B160 SDR11) BEAM
5 Railing (140 5DR 11) BEAM .
& Suspension ring (@250 SDR11) BEAM .
7 Net (5n15.4%) MEMBRANE .
8 MNet collector rope (20mm) TRUSS
9 Reinforcement rope net {12mm) TRUSS
10 Frame rope (64mm)
11 Component 11 Set name
12 Component 12 Type ?
13 Component 13 Visibility >
Lock
Deactivate

Operations >

Delete
Library
Edit

New component

The Library for TRUSS is opened. In the library you may add, edit or apply
properties to existing or new TRUSS elements.
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You should save the properties of Frame rope (64mm) to the library. First, you need
to navigate to where you want to save the properties; select the folder truss and
then click ROPE.

B Library for TRUSS

[ Keep pretersen [ e riane | Export apply

Cancel

Select the check box for Include name and select Export. AquaEdit suggest a
name according to the component name. Select OK.

Create new truss preset

Component name:

Cancel

Pt

The Edit truss window opens. If you must conduct any modification before saving to
library, this can be done here. Select OK.

Bl Edit truss (Frame rope (64mm))

Information
Windloads
Damper

B Information
Component name
Component description

B Properties
Truss type
E-moduius
Area

[] volume

Mass density

Frame rope (§4mm)

Custom
2.1E9N/m~2
3.22E-3m”2
3.27E-3m"3
583.850932 kg/m

Weight in air 1,33 kg/m
Weight in water 0.18 kgfm
Ereaking load 00N
Material coeffident 0.0

Mo compressian forces [m]

& Drag loads
Diameter ¥ 0.084m
Diameter Z 0.064m
Drag cosfficent ¥ 12
Drag coeffident Z 12
Added mass coefficent Y 1.0
Added mass coefficient 7 10

= Default values
Pretension 0.0
Rayleigh dampening (mass) 0.0
Rayleigh dampening (stiffness) 0.0
Longitudinal drag coefficient 0.0

Cancel

In the Save change into

truss window.

library window, select OK. Then, exit the Library for
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5 Add properties For the properties of Bridle rope you should add them from the properties library of

from Library TRUSS elements. In the components window, right click Component11 >
Library. In the folder tree to the left, navigate to truss > ROPE, select
Superdan_3-str. From the table in step number 3, we see that the diameter of the
rope should be 48 mm. In the middle column, select Superdan_48mm and then

Apply.

B4 Library for TRUSS X

Add folder

[JKeso sretersion [ Inchee rame | Export scply Carcel

Open the Edit truss window by double click on Component 11. Change the
name of the component to Bridle rope (48mm). Compare the values in the Edit truss
window with the values provided in the table from step number 3. If no differences
are observed, select OK.

B4 Edittruss: 11 Compenent 11 X
Information B Information
Wind load Name Bride rope (48mm)
Damper Description Applied from: Superdan_4smm
Advanced B Properties
E-madulus 2.1E9Njm”2
Area LBIE-3m~2
[ Volume LBIE3m~3
Mass density 1077.348066 kgfm "3
Weight in air 1.95kg/m
[ Weight in water 0.09475 ka/m
O Dragloads
Diameter Y 0.048m
Diameter Z 0.048m
Drag coefficient Y 12
Drag coefficient Z 12
Added mass coefficent Y L0
Added mass coefficent 7 L0
3 Default values
]
0.0
0.0N
30
0.0
Rayleigh dampering (stiffness) 0.0
Longitudinal drag coefficient 0.0
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The Mooring rope should have identical properties as the Fram rope, i.e. 64 mm. In
the Components window, right click Component 12 > Library. Navigate to
where you saved the properties from Frame rope (64mm). Select saved properties by
left click Frame rope (64mm) in the middle column, select Apply.

B Library for TRUSS x

Lbrary [E-modids; 2. 8 jm~2
= | s |ares
oim~3

| | cHam vaane

e
o e

Add folder

[ ¥es preterson [ Inchade name | Exprt Aoy Cancel

You may change the name of the component by double click Component 12 in
the components window and assign the name Mooring rope (64mm).

Enter the Edit TRUSS window for the last component by double click
Component 13.

Trusses in AguaEdit assumes a single circular cross section, but chains are assembled
by loops of steel rings. To account for this, both cross sectional area and diameter can
be defined with twice the provided diameter from the table. In the Edit TRUSS
window type values according to the figure below.

B4l Edit truss: 13 Compenent 13 X

Information & Information
\Wind load Name
Damper Description
© Properties

Bottom chain (32mm)

E-madulus LIELINfm~2
Area LEIE-3m~2
[ velume LEIE3m"3
Mass density 1.2671E4 kg/m”3
Weight in air 20.4kg/m
[ Weight in water 18.74575 kg/m
O Dragloads
Diameter Y 0.064m
Diameter Z 0.064m
Drag coefficient ¥ 12
Drag coefficient 2 12
Added mass coefficent Y Lo
Added mass coefficent 7 L0
3 Default values
No compression forces O
Pretension 0.0
Breaking load 0.0N
Material coefficient 0.0
Rayleigh d (mass) 0.0
Rayleigh d (stiffness) 0.0
Longitudinal drag coefficient 0.0

The font of all components should now have changed from italic to straight,
indicating that required properties are added. If not, you should open the Edit TRUSS
window for the components and check your parameters.
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The frame should be modelled as 60m x 60m at a depth of 7m. When drawing
structures, the current component must first be activated.

Activate the component Frame rope (64mm) by 1left click in the Components
window. There are several methods for modelling the frame, one is described below.

_—
From the Toolbar menu, select the intent Draw rectangle £| In the lower most
toolbar, to the left, type the coordinates of the first node x=-30 Y=-30 Z=-7

e 0= i =, press ENTER on your keyboard. Select the checkbox to
the right for activation of relative coordinates. Type x=60 Y=0 Z=0

i i “, press ENTER. For the last node, type x=0 Y=60 Z=0
i 0w i <. The preview of the drawn rectangle should resemble

the figure below.

Press ENTER on your keyboard.

The bridle should be of type 3-part. Meaning that the floating collar is restrained by
pairs of 3 bridle ropes in each frame corner. Activate the bridle component by 1left
click Bridle rope (48mm) in the Components window. To ease modelling, select
L)

Top view and then activate the Snap function ls”i|
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Select Draw line £| and click on the lower left corner of the frame, then select
the node on the Outer floating pipe that result in a line segment 45 degrees (in XY-
plane) with respect to the horizontal frame. Press Esc once to escape the continuous
line modelling. Do not mind if the color of the elements does not resemble our
figures, it has no significance for the properties of your model.

45 degrees

Tip! Select the correct node on the Outer floating pipe by first move your mouse
pointer to the node diagonal in the frame. The correct node is the intersection point
between the preview line and the Outer floating pipe.

The two other bridle ropes should be attached to the Outer floating pipe on each side

of the first. Select the node on Outer floating pipe counting three brackets clockwise,
and then select the corner node of the frame.

Page 60 of 133



aquasim

aquastructures

Page 61 of 133



10 Duplicate

segments

aquastructures

For repeating and time-consuming modelling steps, the Duplicate function is useful.
You should now duplicate the bridle elements to the remaining frame corners.

Select the bridle elements either by 1eft click + CRTL and select the three
elements. Or in the Components window left click Bridle rope (48mm) >

Operations > Select.

Components

1 Tnner flosting pip= (3400 SOR 16.7) BEAM

2 Outer floating pipe (2400 SDR. 16.7) eeam [l
2l |

[A14 Raling post (160 SDR11) BEAM

5 Railing (@140 SOR 11) BEAM .

& Suspension ring (23250 SDR11) eeam [l

7 Net (Sn15.4%) neverane [

[18 Nt coliector rope (20mm) TRUSS

[¥]9 Reinforcement rog
w

2 e (54mm)

na
12 Bottom chain (32mm) Type
Visibility
Lock
Deactivate
Select Ctrl+ShiftrA Operations >
AlerA
Delete
>
Library

Convertto terrain

Select diagenal elements

New component

In the Toolbar select Duplicate lﬂ| In the Tool properties window, 3 pairs of
segments should be duplicated, and rotated 270 degrees about the global z-axis about

origin (Pivot).

Segments 3
Vector 0.0 0.0 0.0 .
[] vector offset Ox (@)% Oz
[] Scale
Rotate 270

Pivot 0 0 0

[ New compenents

[[] Each segment
Each connecting segment

Copy decorators

Duplicate

Select Duplicate. With these selections, you model should resemble the figure

below.
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11 Draw Mooring  The mooring ropes should have a length of 220m at -100m depth. Activate Mooring

rope and Bottom rope (64mm) from the Components window and select Draw 1line. Start the line

chain from the lower left node in the frame, activate relative coordinates in the checkbox
and type X=-200 Y=0 Z=-93, this should result in a mooring rope approximate to
length of 220m.

(7]
b Edit Commends Tools Vindows Heh

date God | Muis | Manbeass [Sheoes | Crosssction Normds (sa PR 1 [P E. P B8 O [H ewon cooymesd
b BEB 0S8 FOBHED /A X7 = O& 4 4R 0%w

=
EE

& H E
i
<
&
>
<

Ml 2063035 116047 930000  Snap modifier 1.0 Mooring rope (4mer)

To model the Bottom chain go to the Components window and select Bottom chain
(32mm). If you still have the Draw line intent activated, select End node as
indicated in the figure above. If the intent is deactivated, reselect Draw line by

e . .
pressing B from the Toolbar menu. The chain should be 27.5m long, this is done

by typing X=-27.5 Y=0 Z=0 in the lower toolbar. Make sure relative coordinates is
activated.
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B A0 Frame rope (g4nm) muss [
211 Bride rope (amm) wruss [l

412 Moonng rape (64mm) TRUSS

o comonent
fEn wlo zo EI 172603 | 1039168 00000 Sap modfier |10 Bottom chain (R2mm)

aquastructures

Repeat the procedure for modelling of mooring rope and bottom chain for additional

three times, with the structure as shown in the figure below.

2] - o x
Fie Edit Commends Tools Windews Help
Updote Giid [Aus| Membranes [Shapes | Crassection Neamas [snap | B0| 12 [ . Ey & (O B Exot Copymodel
Bl- DB S OEWMED  X+=L00¢ 4R0%m
0] -
Ho opbons for tes tool A Bottom wesght fnet] eantoed [
|1 toner fosengpos (ow0osm 1671 s [l
'DOFs A2 Outer fostrgppe (a0s0r 167 5eam [
(3 sracat L |
A4 Raing post (0160 SOR11) BEAM
5 Rabng (0190 508 11) e [l
A6 Sumpensian ring (3250 SDR 1) 2 |
A7 et (sn15.4%) vaee [
(58 et cnlector rope (20 s
prer— 95 Renforcementrope et (o) TS [l
- 910 Frame rope (4n=) muss [
. 911 Bride roe (samm) wuss [l
412 Moonng rape 64em) s
Mew companent
X0 ¥|-27,5 za [=RRF: 89046 00000 Snap modier 1.0 Bottom chain (32mm)
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You should now model buoys in each corner of the frame rope. For simplicity
reasons, we model them in the corner nodes connection the frame and not in the
water line.

Select the lower left node of the frame, right click > Nodes > Spring >
Create new.

Pointload
Elements Impulseload
Components Spring Add to... >
Membrane Shape Create new
Prescribed Add from library >
RAO

Follow node

Roller

Edit lecal coordinates

Remove »

This will open the Edit spring window. Dedicate a suitable name, e.g. Buoy (frame).
There are several types of springs available in AquaEdit, you should choose BUOY.

Bl Spring w
] Spring
MName Buoy
Type NORMAL =
O stiffness INORMAL
X INITIAL
Y DAMPNER.
Z DISPLACED
[ Stiffness rotation BUOY
RX (OFFLOADED
RY MASS
RZ (OFFLOADED TYPE 2
T
= RAD (*internal)
RAQ table (none) j
[]shape active | Edit shape oK Cancel

In real life, the buoy will intersect the water line. The intersection area will provide
the buoy with a waterplane stiffness. You are going to add a water plane stiffness in
z-direction. This is the parameter significant for position of the frame. In the Stiffness
section type Z=1E+04 N/m, this will correspond to a buoy with a waterplane area of
approximate 1m2.
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B4l Spring X
B Spring
Name Buoy
Type BUOY |
Maximum force 0.0N
[ Stiffness
X 0.0 N/m
Y 0.0 N/m
z
[ Stiffness rotation
RX 0.0 Nmj/rad
RY 0.0 Nm/rad
RZ 0.0 Nm/rad
E RAD (*internal)
RAQ table (none) J
[[] Shape active Edit shape Ok Cancel

Select OK. The node with the buoy should now have changed color to red.

To add buoys to the remaining corner nodes, you may apply multi-selection. Multi-
selection is activated by hold CTRL + 1left click on nodes. Select the remaining
three corner nodes right click > Nodes > Spring > Add to... > Buoy
(frame).

Addto.. > Buoy (frame)
Create new

Add from library >

Remove »

Buoys should now have been added to the three remaining nodes.

13 Boundary At the end of the chain, a mooring bolt or anchor is attached. To resemble this, the
conditions end nodes are restrained in all 6 Degrees of freedom. Multi-selection is activated by
hold CTRL + 1left click on nodes.
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In the Nodes properties window select all the checkboxes in the row DOF.

(2]
File Edit Commands Tacls Windows Help
Updste Gd | Muis | Manbranss [Shees | Crosssction Normds |sa P 1 [ E. P B8

G- D008  OBHME 0/ X4=L08 -
o

| Locsten <575, 500, 13005

o =] ] =]=]
.

X 2578 Y00 Z -100.0 O 165027 -1729504 00000

End node
Bottom chain

[ ewot cooymedd

4 B 0O w

(1 toner foatng poe (D400SOR 16.7)  BEAM
A2 Outer foating pipe (D300 SDR 16.7)

@3 macat = [l
A4 Raing post (0160 SOR11) B
5 Rabng (0190 508 11) e [l
A8 Sumpension ring (3250 DR 11) 2 |
97 et Gais.as) vemve [l
A8 et coector rope (20 TRuss
9 Renforcement rope net (12mm) wruss [l
410 Frame repe (gam=) wuss [l
t 411 Eride rope (48mm) uss [l
- 12 Mooring rape (&em) s

CEE s2nem)

Snap modifier 1.0 Bottom chain (32mm)

The mooring components should be discretized with the number of elements

according to the table below.

Component name
Frame rope (64mm)
Bridle rope (48mm)
Bottom chain (32mm)

Number of elements

4
4
4

—
Select the intent Split line E‘ and discretize the component by left click on the
components in the 3D view. After discretization, the model should resemble the

figure below.

] - o x
Fie Edit Commands Tacls Vindows Help
Update Giid [Rals| Membrares [Shapes | Crassaction Nermals [snap (P8 1= [ . F. & (O B Exot Copymodel
("R I O} SFOEME QX 7= oo+ AFRO%e
Mamber of saments i -
gttt e A Bottom wesght inet) santeed [
3 Buor (Fame) sorg [l
St seecton
£ tode
| Locaten <257.5,30.0, -100.0>
| oor T .
(1 mer foatropon (0400508 16,7} BEm
A2z Outer fostrgppe (pa0sor 167 Beam ]
= G v ~m
A4 Raing post (0160 SOR11) B
A5 Raing (P19050 11) e [l
A Suspension ring (3250 SDR 1) 2 |
57 Net Enisan) vemve [l
8 et colector rape (20mm) s
99 Renforcement rope net (12mm) s [
Log Viewsr 410 Frame repe (gam=) wuss [l
H H 411 Bride rope (43mm) uss [l
] 3 12 Mooring rape (§4mm) TRuss
Mew companent
x| 21881 ¥|ass1 oo [ | 747550 1761905 0000  Snapmediier L0 Bottom chain (32mm)

You should wait with discretization of Mooring rope (64mm) until terrain has been
loaded and the chain nodes are snapped to terrain.
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15 Duplicate The model is to be extended to a 2 x 2 cage facility with identical net, floating collar,
cage suspension, and bridle. Instead of model the same floating collar, net suspension, and

bridles form scratch, you can apply the duplicate function. First, you need to select
the elements for duplication.

You can select the whole cage by left click in lower right corner of the 3D view, hold
and drag the mouse pointer to the upper left corner.

Left click, hold, and
drag mouse pointer

At the moment you do not want to duplicate the mooring ropes. De-select these
components by hold CTRL and 1eft click on the mooring elements in the 3D

L - a x
Fie Edt Command: Tools Windows Help
Updste Gd | Muis | Manbranss [Shees | Crosssction Normds |sa P 1 [ E. P B8 [H ewon cooymesd
R, ODHOSSTORHEQ/ X2= o2 +« AR0O%
u v
Mo ogtians for s ool [ Bottom weight (net) santoed [
oo Fame) sora [l
1 1924 elements selected from different components
Eementlegth  4727.47
Fant 3 ©,00,0.0>
1 mer foatngppe (D400 SOR 16.7)  BERM
@ 22 owtummominar ool
[SERC = [l
A4 Raiing post (D160 SOR11) BEAM
(5 Raing (D130507 11) = [l
[=]
[=]
e component
X -5.94 ¥|3m.543 Zao [ 618431 196026 00000 Snap moddier 1.0 Bottom chain (32mm)

In the Toolbar menu, select Duplicate. You should duplicate the cage by 1 in the X-
direction next to the existing. In the Properties window for Duplicate choose
Segments=1 and Vector=60 (this corresponds to the size of the frame).

Page 68 of 133



aquasim

aquastructures

Tool properties

Segments B
Vector &0 0.0 0.0 o
[[] vector offset Ox (@) Oz
[ Scale
Rotate

[ pivot 0 0 0

[[] Mew components

[[] Each segment
Each connecting segment

Copy decorators

Duplicate

Select Duplicate.

Then select the two cages, except from the mooring ropes, and duplicate them with 1
segment in Y-direction.

Tool properties

Segments 1
Vector 0 60| 0.0 ...
[] vector offset Ox (@) Qz
[ Seale
Rotate

[ pivet 0 0 0

[ New compenents

[[] Each segment
Each connecting segment

Copy decorators

Duplicate

Select Duplicate. You should now have 2 x 2 cage system.

- o x
File Edit Commands Took Windows Help
Update Grid [Adis | Membranes |Shapes | Crossection Normals [snap | P)| L™ [ B Fs B8 (O3 B oot Coymeds
Bl-ownOos fORBRME )/ X7 = B e+ /4 %O
L)
No aptions for this tool 4 Bottom wesght (net) rantosd [
(2 Bvor (Same) sorg [l
5] 3644 elements selected from different components
ementiength 5354958
Pont 3 <0.0,00,0.0>
@1 imer foatngpoe @40050R 6.7 sea [l
= 2 o mrmeowznsn ol
43 eadet = [l
44 Raing post (0160 SORLY) BEAM
45 Ralng @10SR 1) e [l
(96 Sumpenson ing (0250S0R1Y) e
7 retnisam) reeae [l
- A8 Net colector rape (20mm) TRUSS
= | A ——
~ 410 Frame rope (64mm) muss [l
11 Bride rope (4amm) wuss [l
(212 Moong rope (64em) TRuss
New component
X 27.101 ¥[45705 zoo [ 12433 216997 00000  Snapmodiier 10 Battom chain G2mm)
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Select the mooring rope and associated chain on the left side of the cages. Duplicate
these elements by 1 segment and 60m in Y-direction.

[F] [= I

Fie Edit Commsnds Tocl Windows Help

Update Grid |Auis | Membranes |Shapes | Crossection Nermds [snap M| 1= | E. F. B O [E Export Copymudel
b oUOBOEfOEME0  X4=L000 4R00
Segments 1 Al
vecter o @ s . Eoiom et ) |
CJvecr ottt or or oz [ Buoy (rame) sorrg [l
Oscaie
Rotate
DOm0 o o
[ Mew components

[Jeach segment

] Copy decoratars

91 inner fosengpoe (DW00S0R 16,7 BEAM

Dughcate A2z Outer fostrgppe (pa0sor 167 Beam ]
@3 sadet L |

54 Raing post (2160 SORLY) B
[ ] R o Bl
|2 8 elements slected from diflerent components 36 Suspension g @288 0019 -

Element length 48065

- 7 et Gsan) L |

| Pt <m0, 3.0, s 38 Het colector repe (2ion) wuss
45 Renforcement rope net {12mm) s [
H H EA10 Frame rope (s4nm) wuss [l
‘ ¢ 211 Bride rope (amm) wruss [l

[ 12 Moorng rape 4em) s

i

% 27141 ¥|4s7ms zoo [0 4553 40687 00000  Soapmoddier 10 Bottom chain (32mm)

In the Tool properties window, select Duplicate.

Repeat this for the mooring rope and chain in the lower right corner. Duplicate these
elements by 1 segment and 60 m in X-direction.

] - o x
Fie Edit Commands Tacls Vindows Help
Updste Gd | Muis | Manbrarss [Shees | Crosssction Normds (sa PR 17 [P E. P B8 [ ewot cooymesd
R, ODHOSSTORHEQ/ X2= o2 +« AR0O%
0]
Ho opbons for tes tool A Bottom wesght fnet] eantoed [
3 Buor (Fame) sorg [l
1 5 elements selected irom diferent components -
Hemertlngth 246,065
| pamts <o, 200, snss
o
oes,
(21 Inner foatngppe (D400 5OR 15.7)  BERM
[~ 22 cwtmmommn ol
[SERTT = [l
A4 Raing post (0160 SOR11) B
A5 Raing (P19050 11) e [l
A6 Suspension ring (3260 SDR11) 2 |
57 Net Enisan) vemve [l
L 8 et colector rape (20mm) s
[ Eembon MR
B i g i 410 Frame repe (gam=) wuss [l
11 Brderape
Hew component
X214 s s oo [ | 212413 1960807 0O0X0  Snapmediier L0 Bottom chain (32mm)

In the Tool properties window, select Duplicate.
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Elements can also be mirrored. Select the three lower most mooring ropes and

associated chain in the 3D view. From Toolbar menu, select the intent Mirror |
You must now draw an axis upon the elements is to be mirrored about. Select the
nodes as indicated in figure below.

L - a x
Fie Edt Command: Tools Windows Help
Updste Gd | Muis | Manbranss [Shees | Crosssction Normds |sa P 1 [ E. P B8 [H ewon cooymesd
b OBOEfORMEE X ss= o8 + 4 F O
B Location n =
y a0, 30, 70> | Gootmmegtiet  soried W
: 2 Bottom et (net] Santosd
s <30.0,3.0, 7.0» & ]
O Xoxs | A 5uor (Fame) soro [l
verer
|51 15 elements selected from different companents
[ i— [ ]
Conpanis
Point 3 <300, -230.0, %8000 D1 e foabgppe GOOSR 167 B
A2 Outes fostrgppe a0k 167 o [
D3 sadat = [l
54 Raing post (2160 SORLY) e
S5 Raing 10508 11) s [l
A6 Sumpension ring (025 DR 1) B
= EHp -
57 Net Enisan) vemve [l
18 et coector rope (20mm) Thuss
| B9 Renfocementioperat (mw)  TRUSS
i i ; A 10 Frame repe (s4mm) wuss [l
411 Bride rope (43mm) uss [l
[ I
e component
x[-0.58 ¥[8 zoo O |-297075 30072 0000  Snapmodiier 10 Bottom chain (R2mm)

Select Mirror in the Properties window.

The three sets of mooring ropes and chain should also be mirrored. In the 3D view,
select the three left most mooring ropes and associated chain. From the Toolbar
menu, select Mirror. Select nodes as indicated below so that a mirror axis in Y-
direction is generated.

o - o «x
Fle Ea1 Commands Tocks Wodows Help |
Updatn Gt et | Sapes | Cromectn e (s )] 17 || B2 B 5 [ EREE |
rsDBOBEfORME@- X4=.00- 4R 00 |
------- : Emm
1 Lacatin . ' u g
H ot v ) Fatosc [l |
- oy e o [ |
|
e |
£ 15 cerments seleted frmn diflerent compon:
et 756
= 0, 300, me0ns s
EH
=N
=N
=
2s
@
= y
o y
Bgn ’
12 woswgr ’
)13 Bottom chain (12mm) TRUSS:
e ot
Yz O | N718 | 451367 | 0000 | S modiies |10

[Hmae I foating pipe (8430 SOR 16.7) |

Select Mirror in the Properties window.
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w - o x
o e S e e A e pre——
Rl.OBOBEfUEH W = -

Xm0 ¥ mm oo [ | 7wt | 1429670 00000 | Seap modier (10

18 Import terrain  The Import terrain options in found in Commands > Import terrain. A terrain
model is prepared in terms of a .obj-file. This is a geometry definition file presenting
vertexes and faces of polygons.

For AquaEdit to be able to position the terrain correctly, datum and position data is
needed. In this case study, the .obj-file is prepared so you do not need to consider
these parameters.

In Additional datasets, select Add and navigate to
Documents\AquaSim\Demoes\CaseStudy03 and select the .obj-file. Select Open.

EH Import terrain data X
E Center (location of <0,0,0) ~
Input type DD {eq. 63.429) |
Latitude 63.429747 |
e 10.401946 B Add dataset X
0.0deg Lockin: | CaseStudy 03 v @
+X
EllBrojection o &) terrain2360791708550843666.0b]
Projection WGS84 by =
; =
Dammr GRS 80 Siste elementer
E Map size
| Use delauney triangulation O
Length 5000.0m
Width 5000.0 m -
Tree depth 5 Ed
Maximum inf terval 10.0 -
B Olex plot @
| Snap distance 10.0m
Maximum import distance 1E4m Dokumenter
E Default datasets
Additional datasets =
Denne PCen
Nettverk  Fiesof type: [alldatasets fles v Cancel
Remove
|
Cancel

In the Import terrain data window, select OK. The terrain is added to the Components
window with the component type TERRAIN.
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19 Save the
model

20 Snap node to
terrain

l:
Fle Ede Commands Took Windows Help

Toot pepatins

2 cptns o s 20

b (| i S Gt e (50 [B) [IE] L. E. Fs 59 [0
Bl-ovoesoBHE

>

EEEEEEEEEE]

x%207 ¥ mm Zoo

) | 60275 | 9520 0000 | Snopmodter 10

Remember to save your model regularly, so that data is not lost.

aquastructures

The bottom chain has been modelled at a depth of -100m, you should now snap the
chain nodes to the terrain. Select all the nodes associated with the Bottom chain

(32mm) in the 3D view.

For multi-selection of nodes, 1eft click on one node and hold CTRL, then drag
your mouse pointer from right to left so the selection square cover the chain.

Right click inthe 3D view > Nodes > Snap node to terrain.

Fle £t Commands ook Windews Help

Ep—

o s for i ol

sdes (50)

33552

2 [I

HEEEEE
BERREE
HAREEAE
BEAAERAE
BEREAE
ns ARRARARR

Updste e | e s [Crommcton s [0 BB (| I . Es B (D3
Bl-0BO8fOBMED S X 4=l

1
y

T
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The nodes connected with Bottom chain (32mm) is now moved from modelled
position down to the terrain.

21 Discretization  Split the elements associated with Mooring rope (64mm) in 10 elements. Select the

of Mooring rope s
arop intent Split linewith Number of segments= 10.

(L]
Ut G (et [srpes [ cromecin | e s [B)] (2] L. £ Es 56 (O3 B o coyme
[ o sfOBHMEOEX 2200 4R

[ -00668  -46938 00X0 | Smap moddier 10

22 Verify model  Verify the input parameters in the model Commands > Verify model. AquaEdit
gives a warning for short elements.

4 Model error X
WARNING | Short el 't 0.42023326855450194 ~

Short element 0. 343410932857
Short element 0,42002975085034655
Short element 0,4200297608503462
Short element 0. 34987425312591245
Short element 0, 45950875868 136243
Short element 0.41962006625040865
Short element 0.485952903539 11204
Short element 0.34987425312891484
Short element 0.4958952903589 1071
Short element 0,488952903589 1063
Short element 0.42023326855450593
Short element 0.4200297608503462
[nnemee] cb. L

v

Fix problem type Fix al Zoom to problem

Tolerances for errors and warnings can be edited in File > Settings > Errors
and warnings. Accept the warning, select Close.
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45 Calculations static analysis
23 Enter ) . . Export
environmental Enter the Environmental window by selecting Export . 'You should run a
window static analysis and control key parameters for equilibrium in the model.

Select the tab Normal. Prepare the static analysis by making selections as described
in the figure below. We have highlighted the selection for Water volume correction to
be With slamming. This is due the components constituting the floating collar is
dedicated the load formulation Morison submerged. AquaSim will identify if these
elements are above or below the water surface and adjust the hydrodynamic
properties for each analysis step. More detailed information about export parameters
is found in CaseStudyO1 or by reading the AquaEdit User Manual.

Videg] mEl  crimis]

wx[mjs]

Group

o ‘ Reguiar Wave® ‘ o1

X

>
S
o
7

12
10
0.0
Deformed by current and waves

Analy:
=) | Dnabiefow pricrty processes
] Omit PFAT files fre walysis

Lom
0.0

-100.0m

O

7] Verify model when exportin
]t e by tmesteps
[ Extract tm:

range
aquasim_2_16_4.exe -

Lo
0.0

B

With siamming

The area outlined in orange provides selection of solver versions. Your solver version
may deviate from the figure above. You should choose the latest version from the
dropdown menu.

Select Export. Navigate to a folder where you want to save the analysis. In this case
study, we have chosen Documents\AquaSim\Analyses\CaseStudy03 and created a
folder Static.

Type an appropriate name of the analysis file, we have chosen static.

£

Denne PCen

w

Nettverk

File name: static Expart

Cancel

- Select Export.

Filesoftype:  aquasim batch file =
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24 Run static The Analyse window opens. To start the analysis select Start or Start all.
analysis
{8y Analyse — [m| X
.siaﬁcol.b(t: analysing... Time remaning: MN/A
_
Show messages Open

Start all Open folder Create max out Close

If you select Show message, you will be provided with key information about the
analysis, which solver is run, statistics of input-parameters and status for each
number of analysis step. It reports whether the analyzed step has converged or not,
useful when assessing how the analysis evolves.

by staticO1.xt X
Buoyancy [N] 1663656.46024 A
Diffac = Weight/Bouancy of all elements 0.65588
Total mass [kg] 104912.04576

buoyancy non Hydrodyn beams and bars [kg] 166869.79022

Weight elements (M) / Mass elements (kg) 10.40087
Total mass of beam elements [kg] 85574.20503

Properties to nodeloads

Upwards force of node loads [N] 0.00000

Downwards force of node loads [M] 16000. 00000

Mass to nodeloads(kg) 1630.98872

(Exclusive of mass-springs)

STEP 1 COMVERGEMCE AT 22 TTERATIONS -2.923363
0.1158068  7.7874256E-06 v

Close

The analysis is successfully completed when the square in the upper left corner of the
Analyse window gets green with the status finished.

84 Analyse - (| X
[ statico 1. tet: finished Finished (00:00:22)
Show messages Open Restart

Start all Open folder Create max out Close
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4.6 Postprocessing static analysis

25 System files
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In your file explorer, navigate to where you saved the analysis. In our case,
Documents\AquaSim\Analyses\CaseStudyO3\Static. Upon start and finish of
analysis, several system files are generated. An introduction to these is provided here.

static.bat

| | staticxml

B& static01.4S

BT staticOl.avz

|=] static01 bt

| | staticO1xml

=] staticDlconv.bxt

|E] static01-elements.tet
=] staticOlkey.bxt

|=] static01-nodes.txt
E& staticOTPFAT.AVS

' staticD1PFAT.avz

|Z] staticOlval.txt

[&8] terrain2360791702550643666.0bj

File name
static.bat

static.xml

static01.AVS

staticOl.avz

staticOl.txt

staticOl.xml

staticOlconv.txt

staticOl-elements.txt

staticOlkey.txt

staticO0l-nodes.txt

staticOLPFAT.AVS

staticO1PFAT.avz

File
Batch file

XML file

Result file

Result file

Input file

XML file

Result convergence file

Result ID file

Result file key data

Result ID file

Result file

Result file

Description

Script file for run of commands. Double
click to start the analysis. This is consistent
with starting analysis in AquaEdit from
Export.

This file holds the graphic information and
other key data.

Result file generated by the solver. Updated
for each completed analysis step. Can be
opened in AquaView and AquaTool during
and after completion of analysis.

Result file generated by the solver after
completion of analysis. This is a compressed
version of the .AVS-file.

Holds information about the model and
analysis parameters. Generated from
AquaEdit upon start of analysis.

Holds graphic information and other key
data for activated components from
AquakEdit.

Provides information about the analysis
status. Consistent with the information
provided in the Show message form the
Analyse window.

If individual elements are given custom
names in AquaEdit, these are listed here.
Contains a set of key data of the analysis
model. This file is useful for self-checking
of input parameters. Also holds information
about license and the user.

If individual nodes are given custom names
in AquaEdit, these are listed here.

Result file generated by the solver upon
completion of analysis. Holds information
about key model data and max result values
from the time series analysis.

Result file generated by the solver upon
completion of analysis.
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staticOlval.txt Result file validation data  This file holds key data for the analysis.
Useful for self-validation of input
parameters.

Contain information about terrain geometry.

terrain23]..]66.0bj Obiject file

The key.txt file is useful for self-check of key parameters from your model. Open the
staticOlkey.txt-file in a simple text editor reader e.g., Notepad or Notepad ++.

Navigate to the section saying Weight in total for each element group. These
parameters are based on the input values from AquaEdit (i.e., before static
equilibrium is calculated).

L = Zlike (41 Imner fioating ppe (G400 SR 16.7)  BEAM
2022 2 outer fostngpipe (0400 50R 16.7)  eean [
each element group 43 Bracket 2 |
n air weight, In water bucyancy, Toval lengch (cwines Lf et |74 Raing post (9160SORLY A
N , ¥ . n 45 Raling (9140 SOR 11) seav [l
Component 1 -0.4752E+06 0.126SE+06  0.6061E+06  0.4797E+03 A6 Suspension ring (9250 SOR11) eeav [l
Component 2 -0.5003E+06 0.1325E+06 0.6328E+06  0.5008E+03 [17 Met(snis.4%) veverane [l
Component 3 0.6032E405  0.6032E405  0.0000E+00  0.1613E+03
. Componen: 4 0.1432E+05 0.1432E+05  0.0000E+00 0.2304E+03 EA8 Nt coliector rape (20mm) TRIES
12 Component 5 0.2282E405  0.2282E405  0.0000E+00  0.4797E+03 9 Renforcementroperet (12nm)  TRUSS
Component & 0.2395E+06  0.4826E+06  0.2420E+06  0.4520E+03 410 Frame rope (64mm) muss [l
Componen: 7 0.0000E400 0.26EEE+05  0.2866E+05  0.1128E+07
15 Component &  0.1378E+03  0.2594E+04  0.2456E+04  0.7776E+03 13 Eride rope (4amm) moss [l
17 Component S 0.1134E403  0.2010E+04 0.1337E+04  0.16B8E+04 [ 12 Mooring rope (54nm) TRUSS
17 Component 10 0.1271E+04  0.2458E405  0.2331E+05  0.7200E+03 T s [l
1 Component 11 0.1128E+04  0.2321E<05  0.2208E+05  0.1213E+04
1% Component 12 0.5957E+04 0.1055E+06  ©.1001E+06  0.3090E+04 ] shape 14 TERRAIN TERRAN
\ Component 13 0.6167E+05  0.6709E+05  0.5427E+04  0.3353E+03 T

Components are listed according to the numbering from the Components window in
AquaEdit. Component 1 correspond to Inner floating pipe (@400 SDR 16.7),
component 2 correspond to Outer floating pipe (@400 SDR 16.7), and so on. Copy
the parameters as indicated in orange and paste them in a calculation program after
your preferences. We have chosen MS Excel.

Summarize the buoyancy for the components constituting the floating collar. And
summarize the weight below water line for the mooring components.

A 8 c D 3 F 6 H
1 Key data after static equilibrium, static analysis
2 Weight below  Weight above Total

* Buoyancy

3 water line water line length Component name
4 Component 1 -4,79E+05 L27E+05 6.06E+05 4.80E+02 Inner floating pipe (3400 SDR 16.7)
5 = Component 2 -5.00E+05 L33EH05 6.33E+05 5.016+02 Quter floating pipe (#400 SDR 16.7)
6 T |component 3 6.03E+04 6.03E+04 0.00E+00 1.61E+02 Bracket
7 £ a 1436404 1436404 0.00E+00 2.30E402 Railing post (@160 SDR11)
8 32 s 2286404 2.38E+04 0.00E+00 4.80E+02 Railing (9140 SDR11)
9 E 6 2.40E+05 4.83E+05 2.43E+05 4.92E+02 Suspension ring (3250 SDR11)
10 3 7 0.00E+00 2.67E+04 2.67E+04 1.13+06 Net (Sn15.4%)
1 o Component 8 1.38E+02 2.59E+03 2.46E+03 7.78e+02 Net collector rope (20mm)
12 C>’ Component 9 1.13E+02 2.01E+03 1.90E+03 1.67e+03 Reinforcement rope net (12mm)
13 2 |component 10 1276403 2.46E+04 2338404 7.20E402 Frame rope (64mm)
14 @ |component 1 1136403 2.32E404 2.21E+04 1.21E403 Bridle rope (48mm)
15 4 |component 12 5.46E+03 1.06E+05 1.00E+05 3.09E+03 Mooring rope (64mm)
16 “  |component 13 6.17E+04 6.71E+04 5.438+03 3.356+02 Bottom chain (32mm)
17
18 Buoyancy floating collar " 1238900 N
19 Weight mooring " 69526 N

For elements of type Morison submerged, the buoyancy is calculated based on the
volume of the whole cross section (this is adjusted when static equilibrium is
calculated). Note the total buoyancy of the floating collar and the total weight of the
mooring components. Keep these figures for future reference when conducting
CaseStudy04.
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27 Check of key
parameters
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Other key parameters found in the staticO1key.txt file is information about weight
and mass.

| staticOlkey bd B9 l

Total, all elements
i  Weight in air [N] 1091155.76894
£ Weight in water[N] -572500.69130
The aunthomatic in and out of water option is used
Weight in air is used for part over water line
Weight in water is used for part under water line
Buoyancy [N] 1663656.46024
0 Diffac = Weight/Bouancy of all elements 0.65588
71 Total mass [kg] 104812.04876
72 buoyancy non Hydrodyn beams and bars [kg] 166869.79022
73 |[Weight elements (N) / Mass elements (kg) 10.40087
Total mass of beam elements [kg] 85574.20503
Properties to nodeloads
Upwards force of node loads [N] 0.00000
B Downwards force of node loads [H] 16000.00000
79 Mass to nodeloads (kg) 1630.98872
(Exclusive of mass-springs)

Navigate to the section saying Total, all elements. Two parameters indicating the
state of your model is highlighted in the figure above:

- Diffrac = Weight / Buoyancy of all elements, provides information about
the relation between weight and buoyancy of components in your model.
If this balance is perfect, Diffrac should equal 1.0. If this number is far
from 1.0 this can indicate e.g., inadequate definition of volume of
components compared to the weight of it.

- Weight elements (N) / Mass elements (kg), provides information about
the relation between weight and mass of components in your model. If
this balance is perfect, this parameter should equal 9.81. You should not
accept significant deviances from 9.81, which indicates e.g., inadequate
definition of Weight in water. If Weight in water is overridden, as we did
for component Frame rope (64mm) in step number 3, deviance from
9.81 must be expected.

Further self-checking can involve controlling Downwards force of node loads [N],
which is reported to be a total of 16000.0N. This can be validated through
controlling the input defined in AquaEdit. Go back to your AquaEdit model, and to
the Decorators window. Here you find a Pointload which is located at the bottom of
each net pen. Double click Bottom weight (net) in the Decorators window. A
force of -4000N is defined, this will result in a total of 4000 times 4 net pens =
16000N in total downwards force in your model. This matches the value in the
staticO1lkey.txt-file.

Exit the staticO1key.txt-file.
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28 Openresults  From the analysis folder Static, open the analysis in AquaView by double click
in AquaView on staticO1.avz. This is equivalent to selecting Open from the Analyse window.

Press Play * from the playback menu and observe the response of your model.
Zoom in to structural details and see how it displaces. If your analysis, against
conjecture, should have failed to complete successfully, or an unexpectedness have
occurred, you can open the equivalent result file from
Documents\AquaSim\Demoes\CaseStudy03\Static.

29 Pretension of  As a result of the mooring component’s weight in water, they will achieve a

mooring pretension. The pretension is found by plotting the axial forces. In the Toolbar menu,

components select Result > Local section forces >Axial force [N]. You should find
the maximum pretension for the mooring components; these can be found by pressing
j on your keyboard.

The first column in the Max values for- window list the component names according
to the definition you made in AquaEdit. The second column is the component
numbering, or index. The third column is the maximum value for the respective
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component group, and the last column indicate which analysis step this max value
occurred.

Copy the rows for component number 10 to 12 and paste it in the same sheet you
established for the key-data.

J K L M N o]
Pretension in mooring components, static analysis

13
14
15
16
19

"
z 3
& 3
7 £

=] 3
8 Component Pretension

% Component name P
g © no. [M] Step no.
10 % Frame rope (64mm) 10 1212.29 2
11 o Bridle rope (48mm) 11 2691.03 1
12 g_ Mooring rope (64mm) 12 4916.67 2

=]

=

=

]

&

2]

(]

Keep these figures for future reference when conducting CaseStudy04.

Static considerations are now finished. Exit AquaView and the Analyse window from
AquaEdit.
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4.7 Calculation dynamic analysis

30 Enter
Environmental
window

31 Load
conditions and
Export
parameters
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Go back to your model in AquaEdit. You should investigate the response and forces
in mooring components for two combinations of waves and current. Enter the

Ex|

{Directional % |

P!t | ¢rom the Toolbar menu. Select

the tab Directional i .’ i In Directional, the environmental loads are
based on defining directions from where AquaSim decomposes the loads into vectors.

Each row in the Directional window represents a combination of environmental

loads, equivalent to the Normal tab.

SysH[dea]  Hs[m] Tl
| 00| o] | 00| o

“Regular Wave® | 0

The input values for the load conditions (LC) are described in the table below.

Nr SysH[deg = Hs[m] T[s] WaveH[d @ Vc[m/s]
] eg]
Row System Significan = Period of = Heading Current
numbe heading, t wave the of the speed. In
rof the orientatio  height. associated = wave. meters per
LC n of the The wave Waves are  second.
model average height. In  defined
from wave seconds. with the
compass height direction
north to (from it
the global  trough to originates
X-axis. crest) if from. In
Clockwis  the degrees.
e, in highest
degrees. one-third
of the
waves. In
meters.
1 0 0.5 2.5 0 05/0.3
2 0 1 3.0 45 0.3/0.2

CurrDir | U10[m/s]
[deg]

Direction = Wind

of current. | speed at
Currentis = 10 meters
defined altitude.
with the In meters
direction per

it second.
propagate

sto. In

degrees.

180/180 | O
225/225 0

The slashes for VVc and CurrDir indicates a non-uniform current profile in the water
column. The system heading provides a global orientation of the environmental
loads. This facilitates modelling because you do not have to consider the orientation
of the aquaculture facility when you are building the system. Note that the definition
of wave direction is from, meaning that the input direction is from where waves
originate. Current is opposite, where the definition of current direction is to, meaning

that the input direction is to where the current propagates.
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In the Environmental window, click on row number 1 and select Edit. In the Edit
load window, type the values for LC 1. To add varying current, go to the Varying

current tab, select the checkbox for Active and Add two rows.

Rd Editload 1 x
B Environment load
System heading (from N to x-axis, dockwise) 0.0 deg
Significant waveheight 0.5m
Wave period 255
Wave/Wind heading {from) 0.0 deg
Current velocity 0.5mfs
Current direction (towards) 180.0 deg
Wind welocity 0.0mfs
Wave type Regular Wave =l
Wind type Regular Wind j
Varying current | Time dependent current  Irregular sea  Irregular wind
Nr Lec Ve CurrDir
1 -5.0 0.5 180.0

2

Active | Add Delete

Save Cancel

Select Save.

Add a new row for load condition 2 and fill in the environmental values from the
table, following the same procedure as described above. When finished, select Save.

Nr SysH[deg]  Hs[m] TEE] Wavet[deg] Vc[m/s] CurrDir[deg] U 10[mjs] Comment it Group
i | o] ss| 25| oo| osjosfwosmsl o e e R
T T R -

Deformed by current and waves =l

100

Make sure load conditions are activated by selecting the checkboxes in upper left
corner of the window. Dynamic analysis with two regular waves should be
conducted; Num total steps for waves =24 and Num steps for one
wave = 12. This corresponds to a wave profile defined with 12 points and 24/12= 2
waves. The remaining settings in your Environmental window should be similar to
the figure above.
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32 Create max
out file
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Select Export. Navigate to an appropriate place to save the analysis, we have chosen
Documents\AquaSim\Analyses\CaseStudy03\Dynamic. Type an analysis name
e.g., dynamic.

Bl Export file X
Lockin: Dynamic v e E-
@5
Siste elementer
Skrivebord
E
Dokumenter
Denne PCen
W e oo
Nettverk  Fies of type:  [aquasimbatch file < cancel

Select Export. In the Analyse window, select Start all.

¥ Analyse - m} x

. dynamic01.txt: analysing. .. Time remaning: M/A

Show messages

Show messages

Open Cancel

. dynamic02.txt: analysing. ..

Open

Time remaning: MN/A

Cancel

Open folder Create max out Close

Dynamic analysis of the aquaculture facility has now started. Depending on your
computer, this analysis should be finished within approximate 10-15 minutes. Follow
status and development of the analysis by selecting Show message.

The maximum resulting forces from a set of analyzed load conditions are for the most
of it applied when designing and dimensioning mooring systems. AquaSim finds the
maximum values and store them in a max-out-file. This can be generated by selecting
Create max out in the Analyse window upon completion of analysis.

When both analyses are finished, select Create max out from the Analyse
window. We leave this for later application.
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4.8 Postprocessing dynamic analysis

33 Visuval

Load the result file from the first load condition by selecting Open from

interpretation of dynamicOLl.txt in the Analyse window.

results

¥ Analyse - [m| X
. dynamicQ1.txt: finished Finished (00:10:25)
|
[ dynamic2. tet: finished Finished (00:13:46)
=T

| Open folder ‘ [ Create max out | ‘ Close |

Load condition 01 will be loaded in AquaView. Plot Axial force [N] and play
the analysis by selecting P1ay *' from the playback menu. Observe how the axial
forces in the model evolve as waves and current passes the facility.

]

Restit Front Left RigHt Top" Bottom 150 Zoom oo

85209.30
MIN MAX

-74190.83

The playback speed can be adjusted by selecting Set duration @ from the
playback menu. Unit is seconds, if you type 30 it will take 30 seconds to play from
the first step to the last step.

When observing the analysis playback, you should observe the model behaving as
expected. That is; forces in components rise when wave passes, the net deforms due
to current and so on. This is a type of visual validation of the analysis. If you observe
“jumping” elements or other abnormal response, this can indicate that the analysis
has potential for improvements. An analysis can produce erroneous results despite
achieved convergence for all steps. “Jumping” elements or other abnormal
fluctuations may indicate a lack of damping in the system or eigen period issues.
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These considerations are not the scope of this case study but is highlighted as
something to be aware of when working with dynamic problem solving.

Exit AquaView.

Load the result file from the second load condition by selecting Open from

dynamicO2.txt in the Analyse window.

{8y Analyse — [m| X

. dynamic01.tet: finished Finished (00:10:25)

Show messages Restart

. dynamic02. tet: finished

Show messages

Finished (00:13:46)

Restart

Start all Open folder Create max out Close

If you have closed the Analyse window, you may load the result file from your

analysis folder in the File Explorer. Double

maxout
dynamic.bat
|:] dynamic.xml
E& dynamic01.4VS
B dynamicO1.avz
|:] dynamic0l.bet
|:] dynamic0l.xml
|J dynamicOlconv.bet
|J dynamic01-elements.txt
|J dynamicOlkey.tet
|J dynamic01-nodes.txt
E& dynamicO1PFAT.AVS
B dynamicO1PFAT.avz
|:] dynamicOlval.bct
E& dynamic02.AVS
B dynamicD2.avz
|:] dynamic02.txt
|:] dynamic02xml
|:] dynamic02conv.tet
|:| dynamic02-elements.txt
|:] dynamic02key.tet
|:] dynamic02-nodes.txt
Ed dynamicO2PFAT.AVS
B dynamic02PFAT.avz
|J dynamic02val.bet
E@ terrain2360791708550643666.0b)

click on dynamic02.avz.

In AquaView, you should plot the Axial force [N]. Follow the same procedure
as for load condition 01, play the analysis and observe the response of your model.

This is for visual validation of your model.
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The terrain may be loaded in AquaView as well. In the Toolbar menu, select Show >
Shapes > Terrain. Depth color can also be activated by selecting Toggle depth
color in the Shapes menu. Adjust the transparency of the water surface by dragging
the upper blue bar to the left.

Result™ ["Show™ “Front  Left Right Top Bottom 150 Zoom  Zoom toresult  Tools Help:

10025 || <

MIN MAX o >
I Local section forces > Axial force [N] P
2%

29.0 (5.74s, 0.24x)

Exit AquaView.

In this section you are to find maximum forces in the mooring components from the
two analyzed load conditions. In your analysis folder, you will find a folder called
maxout. Enter this folder. Here you will find files that contain maximum loads from
both analyzes. These were generated when you selected Generate max out from
the Analyse window in step number 32.

D dynamic.xml
dynamic_max_out.avs
B dynamic_max_out.avz
E'@ dynamicD1PFAT.avz
E'@ dynamicD2PFAT.avz

Load dynamic_max_out.avz by double click the file. AquaView will be loaded.
If you failed to generate the maxout-files, you can find equivalent file in
Documents\AquaSim\Demoes\CaseStudy03\Dynamic\maxout.

The maxout-file only contains maximum values from load condition 01 and 02, and
consequently playback functionality is not available.
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You should now find max axial force in the mooring components Frame rope
(64mm), Bridle rope (48mm) and Mooring rope (64mm). From the Toolbar menu
in AquaView, select Result > Local section forces >Max axial force

[N].

»
Hestlt™"Show™ | Front Left Right Top Bottom 150 oo to result™ Tools ™ Help

1.03E5 I

MIN MAX ! i
I Local section forces > Max axial force [N]

1.03E5

82435.94 . "!!IEFL,.

61872.34 /" ﬁt‘:.—'" _'pk\ !:_ 74
g | e ‘.
|| e . \
413087 |-$_: :f; \
-r, B
‘x
074514
|
| 181.54
181.54
ww oy wwe @l

Press j on your keyboard to enter the window for maximum values of each
component group.

BTl Max values for Local_section_forces.Max_axial_force_[M] e
Component name Componentindex  Value File index
Inner floating pipe (@400 SDR. 16.7) 1 1.03E5 dynamicl2PFAT....
Cuter floating pipe {@400 SDR. 16.7) 2 1.002E5 dynamicl2PFAT....
Bracket 3 18190.17 dynamicl2PFAT....
Railing post (@160 SDR11) 4 745.62 dynamic02PFAT....
Railing (©140 S0R. 11) 5 3404.33 dynamicOZPFAT....
Suspension ring (@250 SDR11) 6 14557.25 dynamicl2PFAT....
Net (Sn15.4%) 7 N/A /A
Met collector rope (20mm) 3 14949,11 dynamicl2PFAT....
E)

What the different columns in this window represent is provided in step number 29 in
this case study. In addition, we have the column File index. This column indicates
from which load condition the max values originate.
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Copy the abovementioned components to clipboard by selecting component number
10 to 13 and CTRL + c. Paste the data in the same sheet you established from the
static analysis.

0

R s T u v w
Axial force in mooring components, dynamic analysis

7
. 2
& 53
7 £
= -
8 Component Axial force
2 Component name P File index
g = ne. [N]
10 % Frame rope (64mm) 10 33650.51 dynamicO1PFAT.avz
1 o Bridle rope (48mm) 11 32381.21 dynamicO2PFAT.avz
12 2_ Mooring rope (64mm) 12 85209.30 dynamic0lPFAT.avz
13 -g Bottom chain (32mm) 13 84799.53 dynamic0lPFAT.avz
b
&
T
Q

Keep these figures for future reference when conducting CaseStudy04.

Dynamic considerations are now finished. Exit AquaView and AquaEdit.

49 Summary

In this case study we have modelled an aquaculture facility in a 2 x 2 configuration of cages. Mooring
components and terrain have been added to a prepared model. To simplify and increase effectiveness in
modelling you have learned how to apply the properties library, duplication, and mirror of elements.

By adding a bathymetric bottom (terrain) to the model you have seen that the bottom chain achieves a more
realistic configuration. You have also learned about the different system files that is generated when
performing analyses. And that these are useful when evaluating the input and condition of your model.

Several results have been copied and transferred to a calculation sheet for future reference. In the next case
study, you are to model the same aquaculture facility in a more simplified manner and compare results from
this case study.
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5 Case study 04 - Simplified aquaculture cage and mooring

51 Learning objectives
Upon completion of this case study, you will be able to:

- Apply additional modeling intents, as draw circle, extrude elements
- Establish routines for transferring experience and information from one analysis case to the next
- Understand, and evaluate strategies, for choosing degree of model details

5.2 Introduction

You are to model the same aquaculture facility as in CaseStudy03 in a simplified manner. Through static
analysis selected key parameters, as mooring rope tension and buoyancy of the floating collar, should be
checked. These parameters are to be compared to corresponding figures from the previous case study, in
order to ensure these correspond.

By dynamic analysis, you are to find maximum axial force in selected mooring components and evaluate the
results.
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5.3 Main components of aquaculture facility

The main simplifications of the aquaculture facility in this case study lies in how the floating collar is
modelled and the discretization. Instead of modelling each floating pipe, with brackets, railing post and
railing, the floating collar is represented with a double tube. The model and main technical specifications are
presented in the figure and table below.

Component number  Description Technical data*

1 Floating collar, double tube PE100, @400, SDR16.7, CIR120m
2 Suspension ring for net pen PE100, @250, SDR11

3 Net pen Sn15.4%, CIR120m, D15m

4 Frame rope 64mm, L60m, W60m

5 Bridle rope 48mm

6 Mooring rope 64mm, L220m

7 Bottom chain 32mm, L27.5m

8 Buoy L1.0m, W1.0m

* Abbreviations: PE=polyethylene, @=pipe diameter, SDR=pipe diameter/wall thickness,
CIR=circumference, Sn=solidity, D=depth, L=length, W=width.
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5.4 Preprocessing

1 Load AquakEdit

2 Generate
component
groups

The model should be built from scratch. Load AquaEdit.

Tock Windows_Help
[ e e—p—— R A=Y E Epa copymoil
F O E M W = - |

2 [ |-2306 | -276% 00000 | Seap modfir 10 Companent 1

From the table in section 5.3 you see the model consist of 7 components, in addition
to buoys. Buoys are considered as a node decorator in AquaEdit, and not as a
component.

From the Components window, generate six additional new component groups by
selecting New component.

I Compenent I TRUSS
2 Component 2 russ i
7 Component 3 uss i}
4 Component 4 TRUSS
5 Component 5 TRUSS .

& Components TRUSS .

Mew component

We need to decide for the component types. The type depends on the cross-sectional
characteristics of the various components. You should evaluate if the component is
able to withstand only axial/ compressive forces, is it able to withstand bending and
torsion moments, is it a fabric type?
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Below you find evaluation of the different components and the component types.

Component number Evaluation Component type
1 Floating collar (2400 A floating collar consist of polyethylene BEAM
SDR16.7) pipes and brackets with massive thickness.

These cross sections can withstand
axial/compressive-, bending-, and torsional
forces. The component type should then be

BEAM.
2 Suspension ring (250 The suspension ring is made of polyethylene  BEAM
SDR11) pipe with a massive thickness. It is able to

withstand axial/compressive-, bending-, and
torsional force. The component type should
then be BEAM.
3 Net pen (Sn15.4%) The net pen is an assembly of threads, either MEMBRANE
sewn or tied together. The assembly will
form a network of meshes in which water
can flow through. The net is flexible, and as
for ropes, only capable of withstanding
axial- and compressive forces. The
component type should be MEMBRANE.

4 Frame rope (64mm) As presented in CaseStudy03 the mooring TRUSS
5 Bridle rope (48mm) components are considered flexible, only TRUSS
6 Mooring rope (64mm) capable of withstanding axial- and, to some = TRUSS
7 Bottom chain (32mm) extent, compressive forces. The component = TRUSS

type should be TRUSS.

In the Components window change the component types according to the table
above. This is done by right click > Type > select appropriate component type.

1 Component 1 BEAM

2 Component 2 eeam [
Component 3 MEMBRANE

4 Component 4 TRUSS

5 Component 5 TRUSS .

& Components TRUSS .

7 Component 7 russ i}

Mew component
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3 Properties of You are to assign cross sectional properties to the floating collar. The floating collar

Floating collar is modelled in a simplified manner; you are to model them as one cross section with
similar properties as two individual pipes and brackets. In the Components window,
double click Component 1 to enter the Edit beam window.

Assign the component an appropriate name e.g., Floating collar (3400 SDR16.7).
The double tube is only available for the load formulation Hydrodynamic. In the row
Type, select Hydrodynamic from the drop-down menu. From the drop-down menu
in Data source select Double tube.

B4l Edit beam: 1 Component 1 X

Information Name Floating collar (8400 SDR16.7)
Material / section properties
Stress calculation Description
Element loads
Advanced Type Hydrodynamic "

Data source | Custom v
Custom

[Tube:

Hallow rectangular

Massive rectangular

1H-beam
Double tube
AquaCross

Visual crosse ction Copy to hydrodynamic

[ Symmetrical [ ] Asymmetricends (A 8| Scale | Move

2,0000 ¥

Cance

The wizard dialogue for cross sections will be loaded. The pipe diameter is 400mm,
and the SDR is 16.7. Type Diameter (D)= 400mm, and SDR= 16.7. Distance (L)
is the center-to-center distance between the floating pipes. By measuring the length
of a bracket from CaseStudy03, we find this distance to be 840mm. Type Distance
(L)=840mm.

B4 Wizard dialog X

Tube Holow rectangular Massive rectanguiar 1fH-beam ‘Doubie tibe }
B Geometry properties

Diameter (D) 400.0 mm

Distance (L) 840.0 mm

Thickness () 23,952096 mm
SDR 6.7

E] Material properties L =
Material <Custom> >
Filled with Air =l
Mass density 353.0 kg/m?

E-modulus 9E8 N/m?
G-moduius 3,46E8 Nfm?
Paisson's number 0.300573

OK Cancel

In the Material properties section select Plastic as the material, and that the
pipe should be filled with Air. Select OK.
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B4 Edit beam: 1 Floating collar (400 SDR16.7) X
Mame Floating collar {©400 SDR16.7)
Material / section properties
Stress calculation Description
Element loads
\Advanced Type Hydrodynamic v
Data source Double tube “
Visual crossection Copy to hydrodynamic
Symmetrical [_] Asymmetric ends A E| Scale Move
10,4200 0,2000 1,2400
10,5614 0,1414
10,6200 0,0000
10,5614 -0, 1414 M
10,4200 -0.2000 0,4000
10,2786 -0.1414
10,2206 -0.0157
-z
0K Cancel

The Information tab will be updated with a visual cross section of the double
tube, found in the lower right corner of the window. Note that the cross section has its
own local coordinate system with y- and z-axis. You should now control that the
volume and weight of the double tube is consistent with the detailed model from
CaseStudy03. Cross section properties are automatically calculated by the cross
section wizard. Go to the Material/ section properties tab to review the
parameters. Volume and Weight in air should be twice the corresponding
parameters as for a one floating pipe from CaseStudy03. In the figure below we have
compared the component Floating collar (3400SDR16.7) from CaseStudy04 and
component Inner floating pipe (@400 SDR 16.7) from CaseStudy03.

B Edit beam: 1 Floating collar (0400 SDR16.7) X | B Edit beam: 1 Inner floating pipe (€400 SDR 16.7) X

9EB Njn~2
3.46EBN/m*2

SEBNjm"2
3.46E8 Njm "2

0.056594m~2
LO044E3mAa

0.028297 m~2
5.022E-4m~4
5.02226-4m "4
LO044E3mAd

LOOHE3m 4
2.008%3m~a

0.251327 m"3jm
953.0 kg/m~3
53.833%607 kajm

0.125664m"3jm
953.0 kg/m~3
26966803 kgjm
101838495 kg/m

0.0
0.0
0om
0.0
0.0

0.0
0.0
0.0m
0.0
Longitucinal drag coeffident 0.0

Cancel Cancel

The Stress calculation tab provides parameters needed to calculate stresses in
the component. Input values here are distances from neutral axis of your cross section
to the edge of your cross section.

Go to the Element loads tab. Here, hydrodynamic coefficients needed for the
analysis is defined. Applying the load formulation Hydrodynamic, AquaSim
calculates the forces based on both strip theory and Morison equation. For AquaSim
to calculate the part for strip theory, a calculation cross section is needed. This is
found in the Crossection-part of the Element loads tab. As you see, this part has

Page 95 of 133



aquastructures

no cross section. You can either define it by typing coordinates, or you can copy the
visual cross section you generated in the wizard.

B4l Edit beam: 1 Floating collar (400 SDR16.7) X
Information B Hydrodynamic load
Material / section properties Hydrodynamic length coefficient 1.0
Stress calculation Neutral axis Z 0.0m
Waterline Z 0.0m
(Advanced Mass centre Z 0.0m
Wiscous roll damping coeffident 1.0
5 Drag load
B Drag coefficients
¥ 1.2
z 1.2
B Diameter for drag
Y (depth) 0.0m
Z (width) 0.0m
E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
0O [] wind load
Crossection
Symmetrical [_] Asymmetric ends A E | Scale Mave
2,0000
2,0000 ¥
-z

Cancel

Go back to the Information tab and select Copy to hydrodynamic. Re-enter
the Element loads tab to see an approximation of the visual cross section has
appeared in the Crossection-part.

Bdl Edit beam: 1 Component 1 X
Information E Hydrodynamic load
Material / section properties Hydrodynamic length coeffident 10
Stress calculation Neutral axis Z 0.0m
iaterine 2 00m
(Advanced Mass centre Z 0.0m
Viscous roll damping coeffident 1.0
& Drag load
B Drag coefficients
¥ 1.2
Z 12
El Diameter for drag
Y (depth) 0.0m
Z (width) 0.0m
B Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
0O [] wind load

Crossection

Symmetrical [_] Asymmetric ends A B| Scale Move

10,2000 0.2000 0,8000
0.3410 0.1410

10,4000 0.0000
0.3410 -0.1410
10,2000 -0.2000 0,4000 ¥

Cancel

Select OK.
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4 Properties of  The suspension ring should consist of a single PE-pipe with a weight of 100 kg/m in

Suspension ring  air. The purpose of the suspension ring is to suspend the net pen in vertical as well as
in horizontal direction, ensuring the fish to have sufficient volume to move in. To
achieve a reasonable weight for the suspension, the pipes are often equipped with
chain or similar.

Double click Component 2 in the Components window. Assign the name
Suspension ring (¥250 SDR11), and select Morison submerged as Type. The
ring should be modelled as a tube. From Data source, select Tube. In the wizard
dialogue for cross section, type Outer diameter(D)=250mm and SDR=11.
Leave the Material properties with default values.

. 1
B3l Wizard dialog x
Tube  Hollow rectangular Massive rectangular  1/H-beam Double tube
| Bl Geometry properties zi
| Outer diameter (D) 250.0 mm H
| Thickness (8 22.727273mm
| A sor 110

B Material properties
Material Plastic >

Filled with Air |
Mass density 953.0 kafm?
| E-modulus 9E8 Nfm?
| G-modulus 3.46E8 N/m2
| Foissor's number 03
oK Cancel
B4 Edit beam: 2 Component 2 X
— Mame Suspension ring (@250 SDR11)
Material / section properties
Stress calculation Description
Element loads
\Advanced Type Morison submerged ~
Data source Tube ~
visual crossection
Symmetrical [_] Asymmetric ends A B | Scale Move
10,0000 0.1250 T.2500
0.0625 0.1083
0.1083 0.0625
10,1250 0.0000 o y
10,1083 -0.0625 0;2500
0.0625 -0.1083
10.0000 -0.1250
-z
s

The weight in air is defined in the Material/ section properties tab.
Navigate to this tab and in the row Weight in air type 100 kg/m. Select OK.
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5 Properties of The net pen is represented by the component type MEMBRANE. With a solidity of
Net pen 15.4%. The solidity indicates the size of the mesh and the permeability. Two-
dimensional solidity is commonly calculated as:
d d
Sn—Ly+%
where Sn is the solidity, d is the diameter of the thread, Ly is the mesh width and L is
the mesh height. In this case study, a thread diameter of 1.73E-03m and mesh size of
2.25E-02m in y-and z-direction will correspond to a solidity of approximate 15.4%.

In the Components window, double click the component with component type
MEMBRANE. In the Edit membrane window, you will be met with an
Information tab. In the row Name, type a name e.g., Net pen (Sn15.4%). Type
provides the possibility to choose between several types of membranes. For classical
net pens, as in this case study, select Normal from the drop-down menu in the row
Type. The row Load formulation allow for selecting different methods of how
hydrodynamic forces should be calculated, form the drop-down menu select Normal.

F4 Edit membrane: 3 Component 3 X

Information
Material properties Name: Net pen (5n15.4%)
Load properties

Description

Type Normal -

Load formulation Mormal

oK Cancel

To define the cross sectional properties of the net pen, you should enter the
Material properties tab.

R Edit membrane: 3 Component 3 X

Information
1ES Njm~2
L73E-3m
2,3506E-6 m~2
1025.0 kgfm*3
0.0kgjm*3

O

Load properties

SE-5

SE-5

15
0.0225m
0.0225m
15377778 %

oK Cancel
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E-module is the elasticity modulus of the thread, type 1.0E+09N/m2. This is
approximately to nylon material. The Thread diameter is 1.73E-O03m. The size of
the mesh is Maskwidth Y=2.25E-02m and Maskwidth Z=2.25E-02m. The
Solidity should now be close to 15.4%.

Notice the option Growth coefficient. As for all types of structures at sea, the
net pen will be exposed to growth in terms of shells and algae. To account for
growth, AquaSim provides a multiplication factor to increase the solidity of the net.
Growth coefficient should be equal to 1.5, and the solidity including the growth
coefficient is found in the row Solidity incl growth.

Navigate to Load properties tab. Options for mask types in the mesh is found in
Mask type. You can choose between meshes ordered as horizontal squares, or like
diamonds. From the drop-down menu, select Type 1, this corresponds to horizontal
squares. From the drop-down menu in Load type, select M1: New default. This
selection defines how drag forces is calculated with respect to how the membrane
deforms under influence of current.

B Edit membrane: 3 Component 3 X

B Normal load formulation
Mask type Type 1
Load type M1: New Default

Lele

‘Wave amplitude reduction 0.0

OK Cancel

The necessary properties for the net pen are now defined, select OK.
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5 Properties of The mooring components should have similar properties as in CaseStudy03. Apply
Mooring the library to assign the mooring components properties as described in the table in
components section 5.3.

Start with the frame rope, which should have the dimension 64mm. In the
components window, right click Component4 > Library. In the folder tree,
navigate through truss > ROPE, in the middle column select Frame rope (64mm)
as you generated in CaseStudy03. Then select App1ly in the lower right corner of the

Bl Library for TRUSS X
Library OPE E-modulus: 2,189 Nfm~2
&[] truss Area: 3.228-3m~2
CHATN Volume: 3,22E-3m"3
i e Mass density: 583.850932 kg/m~3
ROPE Weight n air: 1.8 kafm
Weight in water: 0,18 kg/m
Ereaking load: 0.0N
Add folder

[JKeeppretension [ Incude name | Export Apply Cancel

Change the name of the component by double click Component 4 and type the
name Frame rope (64mm).

B4 Edit truss: 4 Frame rope (B4mm) X
Information [ Information
Wind load Name Frame rope (64mm)
Damper Description Applied from: Frame rope (649mm)
Advanced & Properties
E-modulus 2.1E9N/m~2
Area 3.22E-3m"2
[ volume 3.22E-3m*3
Mass density 583.850932 kgfm~3
Weight in air 1.88 kg/m
Weight in water 0,18 kgfm
= Drag loads
Diameter Y 0.064m
Diameter 7 0.064m
Drag coeffident ¥ 1.2
Drag coeffidgent 2 1.2
Added mass coeffident ¥ 10
Added mass coeffident Z 1.0
E Default values
No compression forces O
Pretension 0.0
Breaking load 0.0M
Material coeffident 0.0
Rayleigh dampening {mass) 0.0
Rayleigh dampening (stiffness) 0.0
Longitudinal drag coefficent 0.0
Cancel
Select OK.
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Repeat the use of library for the bridle rope (48mm) and mooring rope (64mm).
Change the names; accordingly, Bridle rope (48mm) and Mooring rope (64mm).

The last component should be the bottom chain (32mm). Right click Component
7 > Library. In the Library for truss folder tree, select truss > CHAIN > Anchor

chain, and in the middle column, select AnchorChain_32mm.

E-modulus: 1.1E11Njm~2
Area: 1.6085E-3m~2

Volume: 1.6085E-3 m~3

Mass density: 1.2683E4kg/m~3
Weight in air: 20,4 ka/m

Weight in water: 2.079511 kg/m
Breaking load: 0.0 N

Bl Library for TRUSS
Library chorChain
=] | truss AnchorChain_28mm
- | cHAIN AnchorChain_30mm
# AlloyChain
L W AnchorChain AnchorChain_36mm
ROPE AnchorChain_40mm
AnchorChain_S0mm
Add folder

[Ikeeppretension [ ]Indude name | Export Apply Cancel

Then select Apply in the lower right corner of the window. Double click
Component 7 in the Components window. Apply a suitable name to the component
e.g., Bottom chain (32mm) and de-select the checkbox for Weight in

water.
R4 Edit truss: 7 Bottorn chain (32mm)
Information E Information
Wind load Name Bottom chain (32mm)
Damper Description Applied from: AnchorChain_32mm
Advanced = Properties
E-modulus 1.1E11 Njm~2
Area 1.6085E-3m"2
[ volume 1.6085E-3m "3
Mass density 1.2683E4 kg/m~3
Weight in air 20.4 kgjm
[] weight in water 18.751292 kg/m
E Drag loads
Diameter 0.064m
Diameter Z 0.064m
Drag coeffident ¥ 1.2
Drag coefficent Z 1.2
Added mass coeffident ¥ 1.0
Added mass coeffident Z 1.0
E Default values
Mo compression forces O
Pretension 0.0
Breaking load 0.0MN
Material coeffident 2.0
Rayleigh dampening (mass) 0.0
Rayleigh dampening (stiffness) 0.0
Longitudinal drag coeffident 0.0
Cancel
Select OK.
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The Components window should resemble the figure below.

1 Floating collar (@400 SDR16.7) BEAM
2 Suspension ring (250 SDR11) BEAM .

3 Metpen (5n15.4%)
4 Frame rope {54mm) TRUSS
5 Bridle rope (43mm)

& Mooring rope {54mm)

Bottom chain ({32mm})

Mew component

Since all the cages in the aquaculture facility is identical, you can model the first cage
and then duplicate the remaining cages. When you start modeling, it is convenient to
draw based on the origin of the global coordinate system. From the Toolbar menu,

activate the Snap function |5”i|

The floating collar is circular and situated in the mean water line. In the Components
window, left click Floating collar (3400 SDR16.7). Select the intent Draw

circle @ In the Tool properties window type Circumference= 120 and
Segments= 32. This will generate a circle with a circumference of 120 meters and
32 elements. Place the circle in X= 0 Y= 0 Z= 0, by SHIFT + left click inthe 3D
view. Alternatively, type the coordinates in the fields in the lower most toolbar.

|m ¥a I [|4uws L5051 | 000D | Snap modfer L0

Press ENTER.
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The net pen is attached to the floating collar by shared nodes. Shared nodes are nodes

that coincide between two components. Dimensions of the net pen is indicated in the
figure below.

15m

In the Components window, activate Net pen (Sn15.4%). Select the intent Draw
circle, and in the Tool properties window type Circumference= 120 and
Segments= 16. Place the circle in X= 0 Y= 0 Z= O. Press ENTER.

The sides and bottom of the net pen should be extruded from the net pen circle. From
the Components window, select the net pen circle by right click Net pen
(Sn15.4%) > Operations > Select. The net pen elements in the 3D window
should be highlighted.

From the Toolbar menu, select the intent Extrude |§J In the Tool properties
window, type Segments= 6 and Vector=-15 in Z-direction. From this, the net pen
sides will be generated with 6 elements in the vertical direction 15 meters
downwards.
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Tool properties

Segments 5]
Vector 0.0 0.0 -15
Vector offset X ¥ Z
[] Scale
[]Rotate
[JFivat
[]Mew components
] Each segment
D Each connecting segment
Copy decorators

Extrude

Select Extrude.

To generate the net pen bottom, select the lower most horizontal elements of the net
pen. Apply multi-selection by CTRL + 1eft click on elements in the 3D view.

Selected elements

Tip! Orient your model in XZ-plane. Select the elements by click, hold, and drag the
mouse pointer from left to right to select the elements.

Left click, hold, and

drag mouse pointer
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Select the intent Extrude |EJ The bottom has a depth of 5 meters and should be
scaled in X- and Y-direction so that the tip consists of a single node.

Segments 4
Wector 0.0 0.0 -3
Vector offset X Y z
Scale 0 ] 1
[ Rotate

[ pivet
[ Mew compenents

[[] Each segment

|:| Each connecting segment
Copy decorators

Extrude

Select Extrude.

Single node

8 Draw From the Components window, select Suspension ring (9250 SDR11). Select the
Suspension ring intent Draw circle and type Circumference= 120 and Segments= 16. Apply the
field for coordinates in the lower left corner of AquaEdit and type X=0Y=0 Z=-15.

Press ENTER.
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9 Save the Remember to save your model regularly, so that data is not lost. We have chosen to
model save the model at Documents\AguaSim\Analyses\ and generated the folder
CaseStudy04.
10 Draw Frame The frame should be modelled as 60m x 60m at depth of 7m. Activate the component
rope Frame rope (64mm) from the Components window. Apply the intent Draw line,
or Draw rectangle and follow the procedure as described in step number 8 in
CaseStudy03.

1 Draw Bridle The bridle should be of type 3-part. Active the component Bridle rope (48mm) from

rope the Components window. Select the intent Draw line. Draw a line from the lower
left corner of the frame to the node on the floating collar that result in a line 45
degrees (in XY-plane) with respect to the horizontal frame.

Press ESC once to escape the continuous line modelling. The two other bridle ropes
should be attached to the floating collar counting two elements on each side of the
middle bridle rope.
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Middle bridle
rope

Duplicate the 3-part bridle rope to the three remaining corners of the frame rope.
il*llll

Select the three bridle ropes in the 3D view. Select the intent Duplicate and

make the selections as shown in the figure below.

=3
Crammcien s [snse || 1 (L) B Fs B O
X7 m QAR

|3 v zo B mas e 0000 | Snapmedfe 10 B e (S8 [Duplcae] Configere

RO e PR pp— e TR A B Gt coymdd

5]/ 0BOBSOBRHA0 /X s/=m.L 00470
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12 Draw Mooring The mooring ropes should have a length of 220m at -100m depth. The bottom chain
rope and Bottom should be 27.5m of length.
chain

Follow the procedure as described in step number 11 from CaseStudy03. The model
should resemble the figure below when the mooring rope and bottom chain is
modelled.

1098363 | DHB | 0200 | Sowp ot 10 Bottom chin (3 [Bointe] Clck 1 seect ok et
"

13 Buoys Each corner of the frame should be assigned buoys. Select the corner nodes of the
frame by CTRL + left click on the nodes. In the 3D view, right click >
Nodes > Spring > Create new.

Nodes > Pointload

Elements Impulseload
Components Spring Add to... >
Membrane Shape Create new
Prescribed Add from library »
RAQ

Follow node

Roller

Edit local coordinates

Calculate area

Remowve >

In the Edit spring window, dedicate a suitable name e.g., Buoy (frame). In the row
Type, select BUOY from the drop-down menu. Provide the buoy a vertical stiffness of
1.0E+04 N/m.
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B4l Spring X
= Spring
Mame Buoy (frame)
Type BUOQY j
Maximum force 0.0N
[ Stiffness
X 0.0 Hfm
Y 0.0 Mfm
z 1E4 Njm
[ Stiffness rotation
RX 0.0 Mm/rad
RY 0.0 Nmjrad
RZ 0.0 Nmjrad
E RAD (*internal)
RAQ table (none) J
Bhape acivs | Editshape oK Cancel

Activate the buoy shape by selecting the checkbox and then select OK. The corner
nodes of the frame will change color from black to red, indication a node decorator is

added.
14 Bottom In addition to the suspension ring, you should add a bottom weight to the tip of the
weight of net net pen. Select the node in the bottom tip of the net pen, right click > Nodes >
pen Pointload > Create new.

MNodes > Pointload Add to... >

Elements Impulseload Create new
Components Spring Add from library *

Membrane Shape

Prescribed
RAO

| Follow node

N R

Roller

| Edit local coordinates

‘ Remove >

Dedicate the node a vertical load in negative Z-direction of -4000N, similar as to the
figure below.
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Ba Pointload X
E Pointload
Mame Bottom weight
Load type 0 j
] Force
X 0.0N
Y 0.0N
4 -4000.0 N
E Momentum
X 0.0 Nm
Y 0.0 Nm
4 0.0 Nm
E RAD
RAQ type Mormal ﬂ
RAQ table (none) ﬂ
Bhapeactve | Editshape oK Cancel
Activate the shape by selecting the checkbox and then select OK.
15 Boundary At the end node of the chain, a mooring bolt or anchor is attached. To resemble this,
conditions the end nodes are restrained in all Degrees of freedom. Select all four end nodes of

the bottom chain and select all the checkboxes in the row DOF of the Nodes window.

"
[En— sl

End node 1
Bottom chain @

16 Discretization  The mooring components should be discretized with the number of elements
according to the table below.

Component name Number of elements
Frame rope (64mm) 4
Bridle rope (48mm) 4
Bottom chain (32mm) 4

<
Select the intent Split line E‘ and discretize the component by left click on the
components in the 3D view. After discretization, the model should resemble the
figure below.
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You should wait with discretization of Mooring rope (64mm) until terrain has been
loaded and the chain nodes are snapped to terrain.

17 Duplicate The model is to be extended to a 2 x 2 cage facility with identical components. You
cages are to duplicate the cage in both X- and Y-direction.

First, you need to select the elements for duplication in the 3D view. Deselect the
mooring ropes if necessary.

e G (] parteans [Sap| ossacen e (g |[0B)] [ o) E Eo 5 (O B oot coyma

Bl 0B O SO EH I X4 = A0+ 4%0°%
Selected [2—————
Bttt p—
b |elements |@asms sl
= "]
frer—
R R T T T —— [ —

From the Toolbar menu, select Duplicate and make selections as described in the
figure below.

Tool properties

Segments 1
Vector 0 0.0 .
[] vector offset Ox (@) Oz
[] 5cale
Rotate

[ pivet
[ New compenents

[[] Each segment

Each connecting segment

[] Copy decorators
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Select Duplicate.

Then select the two cages, except from the mooring ropes.

Selected
elements

[z ‘e zh @ (@0 |4z |00 | soupmodie 10 || Botom cham i) ——

From the Toolbar menu, select Duplicate and make selections as described in the
figure below.

Tool properties

Segments 1
Vector 0 0.0 .
[] vector offset Ox (@)} Oz
[ Seale
Rotate

[ pivet
[ New compenents

[[] Each segment

Each connecting segment

Copy decorators

Duplicate

Select Duplicate.

[y e pe—— T A1 B oot coyma

FOEH I X7m.oBH-4AFR0%R

2 | w0 8057 0000 | Soapemoim 10| | Botom chaie (o [ —
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18 Duplicate

Mooring rope

and Bottom
chain

19 Mirror

Mooring rope

and Bottom
chain
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The remaining mooring rope and bottom chain should be added to the facility. From
the 3D view, select the mooring rope and associated chain on the left side of the
cages. Duplicate these elements by 1 segment and 60m in Y-direction.

Command: Toos Windows Help

e Gt ] Mertesns (S| i e (s ] 17 () £ o 5 (B3 B oot corma

In the Tool properties window, select Duplicate.

Repeat this for the mooring rope and chain in the lower right corner. Duplicate these
elements by 1 segment and 60m in X-direction.

TR R

“K‘ ‘|\‘|
TR

i

FEEELE]
LL Bl

£r
a2BRS

In the Tool properties window, select Duplicate.

You should model the remaining mooring ropes and bottom chain by applying the
mirror intent.

From the 3D view, select the three lower most pairs of mooring rope and chain and

select Mirror . Choose the mirror axis by node selection in the 3D view.
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1

B

Mirror axis

D s RS 0N | Soapmedbe 10

Selected
clements

e cmpmrent

In the Tool properties window select Mirror.

aquastructures

Select the three left most pairs of mooring rope and chain and select Mirror. Choose
the mirror axis by node selection in the 3D view.

Selected
elements

H

A L T ——,

sIXe JOULT

e comparent

In the Tool properties window select Mirror.

You should import the same terrain as applied in CaseStudy03. Follow the same
procedure to import terrain as described in step number 18 in CaseStudy03. The
terrain .obj-file is found in Documents\AquaSim\Demoes\Casestudy03.
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The bottom chain has been modelled at a depth of -100m, you should snap the chain
nodes to the terrain. From the 3D view, select all the nodes associated with the

component Bottom chain (32mm).

For multi-selection of nodes, 1eft click on one node and hold CTRL, then select
the remaining nodes. Right click > Nodes > Snap node to terrain.

Fle tdt Commans Toos Windows Hep
bt Gt R Wentans (S| onesin o (s ] (2] L B o 5 [ B et Covmdd

BlroBea8 s 0OBHMB0 / Xsm.LB0 4470k

2 990 B4 0000 | Seepmodher L0

IPTIIORT ¢

The nodes connected with Bottom chain (32mm) is now moved from modelled

position down to the terrain.

Split the elements associated with Mooring rope (64mm) in 10 elements. Select the
intent Split line, and in the Tool properties window type Number of

segments= 10.

e
Fle €6 Commonds Toos Windows Wep

Updse Gid Ask | Mertranes |Shages| Cromecicn N S (B |12 [ B L b8 DY B ot Coymad

a0@lXs/msmn.snom

@ 12808 | A% | 00X0 | S modhe 10
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23 Verify model  Verify the model from Commands > Verify model.

4 Model errors and warnings X
[BUEEESS] No problems detected

Fix Fix problem type Fiscall Zoom to problem Settings Close

Your model is now successfully completed.
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5.5 Calculations static analysis

24 Enter h b ) di | Export | hould .
Environmental From t e Toolbar menu in AquaEdit, se ect_E_xp_or't_ . You should run a static
window analysis and control key parameters for equilibrium in the model.
Select the tab Normal. Prepare the static analysis by making selections as described
in the figure below. We have highlighted the selection for Water volume correction to
be Normal. This is due to the type Hydrodynamic, for the floating collar, is not
supported with the adjustments provided for the With slamming-option.
= = V\lr Amplm]  Tls] Videg] eXmfs] eflmfs] wX[mjs]  w¥mjs]  Comment t Group
S | ) | IO I R Lo |
- ~ | Create max out file
1000 [JExport groups .
:.:.ed by current and waves =1
o []spit file by teps. 100
-100.0m [ Extract time
Normal -1~
Select Export. Navigate to a folder where you want to save the analysis. We have
chosen Documents\AquaSim\Analyses\CaseStudyO3\Static. Type an analysis
name e.g., static. Select Export from the folder navigation window.
25 Run static The Analyse window opens. Start the analysis by selecting Start or Start all.
analysis
¥ Analyse - m} x
. static0 1. txt: analysing... Time remaining: 00:00:05
_
Show messages Open
Start all Open folder Create max out Close

The analysis is successfully completed when the square in the upper left corner of the
Analyse window gets green with the status finished.
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5.6 Postprocessing static analysis

26 Check of
buoyancy

You should now check and compare key parameters from the static analysis. Go to
your analysis folder Documents\AguaSim\Analyses\CaseStudyO4\Static and load
the file staticO1key.txt.

Navigate to the section Weight in total for each element group and copy the weight
statistics to the calculation sheet as established in CaseStudy03.

v ] = -
1 [Expizydate 1 2 2022 1
2 AguaSim solver version 2021-10-12-2 )2 Susenson g (@260 1) Y |
1 2 2022
% ) p—
ach elemenc group £33 netpen G2 u
. air weight, In water buoyancy, Total length (twines if net |EJ% Fomerope(S4nm) TRUSS
) [As eride rope (48mm) wuss [l
Number , N . N . H . p [7]6 Mooring rope (s4mm) wuss i
Component 1 -0.4033E+06 0.2536E+06  0.65E9E+06  0.4782E+03 27 Botion chan (330} .
Componen 2 0.2325E+06 0.4678E+06  0.2354E+06  0.4768E-03
Component 3 0.0000E+00  0.2551E+05  0.2551E+05 0.1G79E+07 [ S nTERRAN .
Component 4 0.7028E+03  0.2401E+05  0.2331E+05  0.7200E+03
Component 5 0.1158E+04  0.2384E+05  0.2263E+05  0.1246E+04
Component 6 ©0.3016E+04 0.1031E+06  0.1001E+06  0.30S0E+04
Component 7 0.6187E+05  0.E709E+0S  0.5422E+04  0.3353E+03
New companent

The In water buoyancy of the floating collar and In water weight of mooring
components should be compared to the figures achieved in CaseStudy03.

The resulting buoyancy of the floating collar in CaseStudy04 is approximate half of
what achieved in CaseStudy03. This is due to how the volume is calculated. For
elements of type Morison submerged (CaseStudy03) volume of the whole floating
pipe is included, upon static equilibrium this is adjusted. For elements of type
Hydrodynamic (CaseStudy04) the submerged volume as defined in the input is
included. Remember, for type Hydrodynamic AquaSim calculates hydrostatic
properties based on the values defined in AquaEdit.

A B [ D E F G H
1 Key data after static equilibrium, static analysis
2 Weight below  Weight above Total
) Buoyancy
3 water line water line length  Component name
4 _ Component 1 -4.79E+05 1.27E405 6.06E+05 4.80E+02 Inner floating pipe (9400 SDR 16.7)
5 3 Component 2 -5.00E+05 1336405 6.33E+05 5.01E+02 Outer floating pipe (8400 SDR 16.7)
6 2 Component E 6.03E+04 6.03E+04 0.00E+00 1616402 Bracket
7 - Component 4 1.43E+04 1.43E+04 0.00E+00 2.306+02 Railing post (3160 SDR11)
8 % Component 5 2.28E+04 2.28E+04 0.00E+00 4.80E+02 Railing (3140 SDR11)
9 b Component 6 2.40E+05 4.83E405 2.43E+05 4.926+02 Suspension ring (3250 SDR11)
10 ©  |component 7 0.00E+00 2.67E404 2.67E+04 1136406 Net (Sn15.4%)
1 3 8 1.38E+02 2.59E+03 2.46E+03 7.78E+02 Net collector rope (20mm)
12 Z 9 1.136+02 2.01E+03 1.90E+03 1.67E+03 Reinforcement rope net (12mm)
13 2 10 1276403 2466404 2.33E+04 7.20E+02 Frame rope (64mm)
14 9 1 1136403 2326404 2.21E404 1.21E+03 Bridle rope (48mm)
15 3 12 5.46E+03 1.06E+05 1.00E+05 3.09e+03 Mooring rope (64mm)
16 Component 13 6.17E+04 6.71E+04 5.43E+03 3.356+02 Bottomchain (32mm)
17
18 Buoyancy floating collar " 1238900 N
19 Weight mooring " 69526 N
20
21 Weight below  Weight above Total
- N Buoyancy

2 = water line water line length
23 3 Component 1 -4.03E+05 2.50E+05 6.57E+05 4.79e+02 Floating collar (8400 SDR16.7)
24 £ Component 2 2.33E+05 4.68E405 2.35E+05 4.77e+02 Suspension ring (3250 SDR11)
25 2 Component 3 0.00E+00 2.59E+04 2.59E+04 1.09e+06 Net pen (Sn15.4%)
26 = Component 4 1276403 2466404 2336404 7.206+02 Frame rope (64mm)
27 g Component 5 1166403 2.38E404 2.27E+04 1.256+03 Bridle rope (48mm)
28 ] Component 6 5.46E+03 1.06E+05 1.00E+05 3.09E+03 Mooring rope (64mm)
29 g |Component 7 6.17E+04 6.71E+04 5.42E+03 3.356+02 Bottom chain (32mm)
30 =
31 2 Buoyancy floating collar 656900 N
2 % Weight mooring components | 69556 N
33 o

=)
34
35
36

The in water weight of mooring components compare well between CaseStudy04 and
CaseStudy03. This will affect the pretension of the mooring components.
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27 Check of key  In your staticO1key.txt-file, navigate down to the section saying Total, all elements.
parameters You are to compare the differences in how Diffrac and Weight elements (N) / Mass
elements (kg) have changed between CaseStudy04 and CaseStudy03.

Bectkeyed|  CaseStudy(4

Total, all elements

58 Weight in air [N] 963311.46915
58 Weight in water[N] -101288.03285
&0 Buovancy [N] 1069599.50200
61 Diffac = Weight/Bouancy of all elements 0.50530
62 Total mass [kg] 92€08.22204
63 buovancy non Hydrodyn beams and bars [kg] 39436.87801
64 Weight elements (M) / Mass elements (kg) 10.45600
65 Total mass of beam elements [kg] T3E539.57870
&6
67 Properties to nodeloads
68 Upwards force of node loads [N] 0.00000
69 Downwards force of node loads [N] 16000.00000
70 Mass to nodeloads (kg) 1630.98872
71 (Exclusive of mass-springs)

Heachoed|  CaseStudy03
63 Total, all elements
64 Weight in air [N] 1081155.76371
65 Weight in water[N] -572500.66587
6 The authomatic in and out of water option is used
67 Weight in air is used for part over water line
68 Weight in water is used for part under water line
6% Buoyancy [N] 1663656.42959
7 Diffac = Weight/Bouancy of all elements 0.65588
71 Total mass [kg] 104512.045986
72 buoyancy non Hydrodyn beams and bars [kg] 166869.78710
7 Weight elements (N} / Mass elements (kg) 10.400867
T Total mass of beam slements [kg) 85574.20503
T6 Properties to nodeloads
7 Upwards force of node loads [N] 0.00000
7 Downwards force of node loads [N] 16000.00000
7 Mass to nodeloads (kg) 1630.98872

The Diffrac has increased in CaseStudy04 compared to CaseStudy03. This is due the
buoyancy in the simplified model has reduced, as described in step number 26.

The Weight elements (N) / Mass elements (kg) is more or less the same. This is
because the weight and mass of the two models compare well.

(Exclusive of mass-springs)

Exit the staticO1key.txt-file.

aquastructures
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28 Openresults  Load staticOl.avz in AquaView. Press Play * from the playback menu and observe
in AquaView the response of your model.

Front Left Right Top" B0}

Zoom in on structural details and see how the model displaces.

29 Pretension of  As a result of the mooring component’s weight in water, they will achieve a
mooring pretension. The pretension is found by plotting axial forces. From the Toolbar menu,
components select Result > Local section forces >Axial force [N].

BTl Max values for Local_section_forces.Axial_force_[M]

Component name Componentindex  Value Timestep

Floating collar (@400 SDR16.7) 1 2523.55 L0
Suspension ring (©250 SDR11) 2 -2321.84 L0
INet pen (Sn15.4%) 3 NjA 0.0
Frame rope (54mm) 4 1423.95 L0
Eridle rope (48mm) H 2274.03 3.0
Mooring rope (54mm) 3 4918.53 2.0
Bottom chain (32mm) 7 4337.93 L0

W wewwe @l
0 5
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Copy the rows for component number 4 to 6 and paste it in the calculation sheet.

Compare the figures between CaseStudy04 and CaseStudy03.

] K L W
Pretension in mooring components, static analysis

]

=]

=]

£ -

- Component Pretension

D Component name

< no. [N]

*E Frame rope (64mm) 10 1212.29

e Bridle rope (48mm) 1 2691.03

8 Mooring rope (64mm) 12 4916.67

==

=]

=

=

)

&

[3+]

L]

T

=

=]

£

= -

7] Component Pretension

= Component name

%. na. [N]

E Frame rope (64mm) 4 1423.95

@ |eridle rope (48mm) 5 227403

g Mooring rope (64mm) 6 4918.53

g

=

=

)

&

I3

L]

AS seen, the figures compare well between the two case studies.

Static considerations are now finished. Exit AquaView and the Analyse window from
AquaEdit.
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5.7 Calculation dynamic analysis

30 Load
conditions and
Export
parameters

Go back to your model in AquaEdit. You should investigate the response and forces
in mooring components for the same two load conditions as in CaseStudy03.

Expart | Select the tab

Directional :2"™% ¥ | Input the same load conditions by follow the steps as
described in step number 31 from chapter 4.7. Apply time series parameters and
Export options as described in the figure below. The Water volume correction should

be Normal.

SysH[deg]  Hs[m] TEl
| o] es|  as| ool osieslmarmal o e e R
ool 5 oo ssbamems | e e E

WaveH[deg]  Velm/s] CurtDir[deg] UID[mf]  Comment Group

Generate iegular sea Generate irreguiar wind oK Cancel

Select Export. Navigate to an appropriate place to save the analysis, we have chosen
Documents\AquaSim\Analyses\CaseStudyO4 and created the folder Dynamic. The
analysis is called dynamic.

B4 Export file X

Look in: Dynamic v FemE-

&

Siste elementer

Skrivebord

la:é-|

Dakumenter

L

Denne PCen

W e [aromd

Nettverk Fies of type:  [aquasim batch fie ~ e

Select Export.
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In the Analyse window, select Start all.

{8y Analyse — [m| X
. dynamic01.bet: analysing. .. Time remaning: MN/A
_

Show messages Open Cancel

. dynamic02. tet: analysing. .. Time remaning: MjfA

Show messages Open Cancel

Start all Open folder Create max out Close

The dynamic analysis has started. Depending on your computer, this analysis should

be finished within approximate 1-2 minutes. Follow the status and development of
the analysis by selecting

31 Create max Upon completion of the analysis, select Create max out from the Analyse
out file window.
{8y Analyse — [m| X
. dynamic01.tet: finished Finished (00:01:08)
Show messages Open Restart
. dynamic02. tet: finished Finished (00:01:27)
Show messages Open Restart
Open folder Close
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5.8 Postprocessing dynamic analysis

32 Open max out In the Analyse window, select Open folder. Enter the folder maxout and open
results dynamic_max_out.avz by double click.

From the Toolbar menu in AquaView, select Result > Local section forces >
Max axial force [N].

.
Restlt™Show™ " Front [eft Right Top Dottom 150 Zoom Zoom toresult Tools Help

54287.79 I

MIN MAX ! i
I Local section forces > Max axial force [N]

8428779

548.93

wawywwe @l

If problems have occurred in your model or analysis, you can retrieve similar results
from folder Documents\AquaSim\Demoes\CaseStudyO4\Dynamic.

Press j on your keyboard to enter the window for maximum values of each
component group.

BTl Max values for Local_section_forces.Max_axial_force_[M] >

Component name Component index  Value File index
Floating collar (@400 SDR16.7) 30242.64 dynamic2PFAT.. ..
7525.23 dynamic2PFAT....
N/A N/A
36 dynamic0 1PFAT....
dynamicO2PFAT....
dynamic0 1PFAT....

1

Suspension ring (@250 SDR11) 2
Met pen (5n15.4%:) 3
Frame rope (& ) 4
= 3 5

e

7

Bridle rop

Mooring rope (54mm)
Bottom chain (32mm)

dynamic0 1PFAT....

Copy the rows for component group number 4 to 7 and paste it in the calculation
sheet you have established.
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33 Evaluation of  You should compare the maximum achieved axial forces from the two load
results conditions with CaseStudy03. In the figure below, the axial forces in the mooring
components are reported for CaseStudy03 and CaseStudy04.

Q R s T u v w
Axial force in mooring P dynamic analysis

@~ o w; =

Component Axial force
no. [N]
Frame rope (64mm) 10 33650.51 dynamicOlPFAT.avz
Bridle rope (48mm) 11 32381.21 dynamic02PFAT.avz
Mooring rope (64mm) 12 85209.30 dynamic01PFAT.avz
Bottom chain (32mm) 13 84799.53 dynamic01PFAT.avz

Component name Fileindex

10
1

13
14
15

CaseStudy03, detailed model

17
18
19

21
23
24
25
26
27
28

Component name Component Axial force File index
no. IN]
Frame rope (64mm) 4.00 36174.14 dynamic01PFAT.avz
Bridle rope (48mm) 5.00 27380.02 dynamic02PFAT.avz
Mooring rope (64mm) 6.00 84287.79 dynamic01PFAT.avz

Bottom chain (32mm) 7.00 83664.83 dynamic0lPFAT.avz

30
21
32

CaseStudy04, smplified model

34
36

By comparing, we see that the forces generally compare well, but some differences
are observed. The reason for this is complex, and come from, among other things,
differences in discretization of the model that will lead to a different response when
exposed to dynamic loads.

An aquaculture facility is mainly exposed to drag forces, this is due to the net pen
having a large area exposed to current and waves. These forces will propagate further
into the mooring components. In this case study, the net pen was modelled with fewer
elements compared to CaseStudy03. Leading to a slightly different deformation of
the net pen.

Dynamic considerations are finished. Exit AquaView, the Analyse window and close
AquaEdit.
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5.9 Summary

This case study was intended to provide understanding of the consequences of the level of details in your
model. You have modelled an aquaculture facility identical to the one established in CaseStudy03, but in a
more simplified manner.

To ensure that hydrostatic properties are consistent, key parameters of both models are compared after
completed static analysis. By comparing axial forces achieved in CaseStudy04 with CaseStudy03, we see
that they compare well. At the same time, you have reduced the complexity in the model and reduced
computational time significantly. From 10-15 minutes in CaseStudy03 to 1-2 minutes in CaseStudy04 for
dynamic analysis.

From this we can conclude that the level of detail of your model must be assessed based on the purpose of
your analysis.
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6 CaseStudy 05 — Simplified aquaculture cage and lice skirt

6.1 Learning objectives
Upon completion of this case study, you will be able to:

- Apply properties of an impermeable tarpaulin (lice skirt)
- Execute non-linear dynamic analysis
- Assess the impact lice skirt have on loads in mooring components

6.2 Introduction

In this case study you are to complete a model of an aquaculture facility equipped with impermeable
tarpaulins. Impermeable tarpaulins are commonly applied to prevent and reduce lice infestation and are
referred to as lice skirts. The name originates from how it is installed at the facility — it is attached to the
floating collar and extends down along the outside of the net pen, as it was a skirt.

You are to conduct a dynamic analysis, applying the same environmental conditions as in CaseStudy04 and
assess how forces in mooring component forces are affected by the presence of lice skirts by comparison.

1 ocal se ces > Axial force [N]

1.417E5 %T:e; E'
aquasim
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6.3 Preprocessing

1 Open model

2 Properties of
Lice skirt

Open the prepared model CaseStudy05.amodel from
Documents\AquaSim\Demoes\CaseStudy0b.

r
Fle Edt Commands Tock Windows Help
Updste G Aow Marbrwes [Stwpes | Cromection texmos s [B)] (12| L. B2 Es W (O3 B oot Coymosd

8- 3O B8 fOVORMED X2 =L 00+ /4AFKO%

X/ss s 235 [ (322064 9355 00000 | Seapmoddir 10 Flosting colr (0200 SDR167)

This model is identical to the one established in CaseStudy04, with floating collar,
net pen, mooring components and terrain. The difference is that 4 lice skirts are
included. The skirts extend 7.5m below the water surface.

Lice skirts are impermeable and flexible tarpaulins, in oppose to net pens where
water is allowed to flow through. You should change the load formulation of the
associated lice skirts, so it resembles an impermeable tarpaulin.

In the Components window, double click Lice skirt 1. Select the drop-down
menu for Load formulation and select Impermeable net.

Bl Edit membrane: 4 Lice skirt 1 x

Information
Material properties HName |Lice skirt 1 |
Load properties

Description | |

Type |Nurma| w |

Load formulation |Nurma|

Normal
Morison free plate

Repeat this procedure for Lice skirt 2, Lice skirt 3 and Lice skirt 4.
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3 Verify model Verify the input of your model by selecting Commands > Verify model.

[ Model errors and warnings s

[BUEEESS] No problems detected

Fix Fix problem type Fiscall Zoom to problem Settings Close

4 Save model Remember to save the model. Select File > Save as... Navigate to a folder where
you want to save the model. We have chosen
Documents\AquaSim\Analyses\CaseStudy05. Give the model a name e.g.,
Facility_lice_skirt.amodel.

B4l Save model x

Save n: CaseStudy05 v FEPE-

g

Siste elementer

Skrivebord

=

Dokumenter

L

Denne PCen

W e [eoydes

Nettverk

Files of type: | Aquasim mode! v Cancel
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6.4 Calculations dynamic analysis

5 Load From the Toolbar menu in AquaEdit, select Export. Necessary analysis parameters
conditions and are prepared, check that these are consistent with the figure below.
export
parameters ] Envuunn:nt . x

Nr SysH[deq] Hs[m] T[s] WaveH[deg] Ve[m/s] CurrDir[deg]  U10[m/s] Commen! t Group

| 1 ‘ ﬂ.ﬂ‘ D.S‘ 2‘5| D‘D‘ mS/ﬂﬁ‘lﬁﬂﬂ/lﬂﬂ.ﬂ‘ ﬂl ‘ o ‘

| 2 ‘ D.D‘ 1‘ 3| 450‘ 03102‘1250[225.0‘ EI| ‘ o ‘

>

Create max out file
1000 [ Expert groups

24 Automatic grouping
12

10 Delete AVS files after run

0.0 Analyse immediately after export
Deformed by current and waves = [ Enable low priority processes
-LOm
0.0
[] Split file by timesteps 100
]
-100.0m [ Extract timestep range
[2quasim_2_16_s.exe ~ Export
10
0.0
Normal =l

Select Export and choose an appropriate place to save the analysis, we have chosen
Documents\AquaSim\Analyses\CaseStudy05 and created the folder Dynamic.
Give the analysis a name and select Export.

In the Analyse window, select Start all.

¥ Analyse — [m| X
. dynamic01.tet: analysing. .. Time remaining: 00:00:52
|
Show messages Open Cancel
. dynamic02. txt: analysing. .. Time remaining: 00:01:05
|
Show messages Open Cancel

i Startall | Open folder Create max out Close

Depending on your computer, this analysis should be finished within approximate 3
minutes.
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6 Create max
out file

aquastructures

Upon completion of the analysis, select Create max out from the Analyse

window.

¥ Analyse - m} x

. dynamicQ1.txt: finished Finished (00:01:03)

Show messages Open Restart

. dynamic02.txt: finished Finished (00:01:33)

open ==
Start all Open folder Close

The analysis is now finished.
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6.5 Postprocessing dynamic analysis

7 Open max out  From the Analyse window, select Open folder. Navigate to the folder maxout and
results load the file dynamic_max_out.avz by double click.

From the Toolbar menu in AquaView, select Result > Local section forces >
Max axial force [N].

-
Restlt™Show™ " Front [eft Right Top Dottom 150 Zoom Zoom toresult Tools Help

2.979E5 I

MIN MAX ! i
I Local section forces > Max axial force [N]

2979E5

2383E8 =) =N

TN

I 190.23

190.23
ORORCICROIC G '

Press j on your keyboard to enter the window for maximum values of each
component group.

B"d Max values for Local_section_forces.Max_axial_force_[N] *
Component name Component index  Value File index
Floating collar (@400 SDR16.7) 1 2.979E5 dynamic02PFAT....
Suspension ring (@250 SDR11) 2 5108.13 dynamic02PFAT....
Met pen (5n15.4%:) 3 M/A A
Lice skirt 1 4 M/A A
Lice skirt 2 5 M/A A
Lice skirt 3 6 M/A A
Lice skirt 4 7 M/A A
Frame rope (64mm) 3 dynamic01PFAT....

Bridle rope (48mm) 9 2 dynamic02PFAT.. ..
Mooring rope (54mm) dynamic0 1PFAT....

Bottomn chain (32mm) 92703.38 dynamicO 1PFAT....

Copy the rows for component group number 8-11 and paste it in the calculation sheet
you have established.
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8 Evaluation of  You should compare the maximum axial forces from the two load conditions with
results CaseStudy04. In the figure below, the axial forces in the mooring components are
reported for CaseStudy04 and CaseStudy05.

Q R 5 T u v w
21 —_

[}
23 -]

[=]
24 £
25 E
26 = Component Axial force _

= Component name P File index
27 £ no. IN]
28 7 Frame rope (64mm) 4.00 36174.14 dynamicO1PFAT.avz
29 E’F Bridle rope (48mm) 5.00 27380.02 dynamic02PFAT.avz
30 %— Mooring rope (64mm) 6.00 84287.79 dynamicO1PFAT.avz
31 =2 Bottom chain (32mm) 7.00 83664.83 dynamicD1PFAT.avz
32 'Y

&
33 -}

(=]
34
36
a7
38
40
41 ‘;
42 =

" 3
= 2 Component name Component Axial force File index
44 - no. [N]
45 g Frame rope (64mm) 8.00 25955.75 dynamicO1PFAT.avz
46 %— Bridle rope (48mm) 9.00 28923.50 dynamicD2PFAT.avz
A7 g Mooring rope (84mm) 10.00 93170.69 dynamicD1PFAT.avz
48 ] Bottom chain (32mm) 11.00 92703.38 dynamicO1PFAT.avz
49 8
50
51
S

By comparing, we see that the forces in Mooring rope (64mm) and Bottom chain
(32mm) have increased in CaseStudy05. This is due to the lice skirts, where the fluid
particles are forced to flow around the impermeable net, causing an increase of drag
forces. The forces are transferred to the mooring ropes and bottom chain.

The axial force in the frame rope, is on the other hand, reduced. This can be
explained by the added mass that is associated with the lice skirt. On the inside of the
fish cage water mass is captured. It will take time to move all this water mass, and the
consequence is a slower response of the cage in CaseStudy05 compared to
CaseStudy04.

Dynamic considerations are finished. Exit AquaView, the Analyse window and close
AquakEdit.

6.6 Summary
In this case study you have investigated the effect lice skirts have on forces in mooring components. By
adding impermeable tarpaulin, the axial forces will increase.

--- End of document ---
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