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1. Introduction

AquaSim is aanalysis tool developed by Aquastructures AS. It uses the Finite Element Method (FEM)
for calculation and simulation of structural response. The software is well suited for slender, lightweight
and largevolume structures, flexible configurations and ctegpsystems exposed to environmental

loads such as:

- waves

- currents

- wind

- impulse loads

- operational conditions
- resonance

This manual describes the functionality of the post processingAquohEdit.

1.1 The AgquaSim software package

The AquaSim package consistseveral programs, as well as the AquaSim solver. Also included is
several postprocessing tools.

1.1.1 AquaEdit
Building geometrical models through a graphical interface. Structural and hydrodynamic properties are
defined and added to the graphical model.

1.1.2 AguaSim solver
Having prepared the input by an analysis model, one starts the AquaSim solver to derive results. This is
the part that calculates the results from the given input of geometry, properties, loads and environment.

AquaSim handles global analysislanteractions of forces transmitted between stiff and flexible
components. AquaSim establishes simultaneously a visual simulation of displacements, accelerations
and deformations in the structure AquaSim calculates for each step the local section &iresses

and stress ranges in each system component, applicable to local analysis and fatigue assessments.

AquaSim is based on retthe simulations. This implies that AquaSim considers the nonlinear effects,
such as geometrical changes in the compogeat Qddii, # continuously maintain the correct
relation between e.g. the applied forces and the resulting displacements.

AquaSim considetsydroelasticity handling the interactions and coupled dynamics between the
external loads and the construot. Deformations and changes in the global structural geometry will
imply changes in the load scenario applied to the construction.

For moretechnical information about thédquaSim solver read the report(Berstad A. J., ThequaSim
package Theory user manual, 2021)

1.1.3 AquaView
The 3D results viewer, AquaView presents results from the solver graphiealijmore information read
the AquaView manugAquastructures AS, 2022f)
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1.1.4 AquaTool

AquaTool presents the results from the AquaSim analysis in tables and diagrams. For more information

read the AquaTool manuéhquastructures AS, 2022e)

1.1.5 Postprocessing tools
There are several pogirocessing tools includedh&se are covered in an own user manual which is
available on request from the uséhquastructures AS, 20229)

1.2 Terminology

These terms appear throughout this document:

Node
Element
Beam

Membrane
Truss

Node2node
Component

Shape
Terrain

Decorator
Intent

AquaSim 2.1

Definition

Point in 3D space that describes end psiaf element.

Object between two nodes (straight element) or four nodes (membrane elemen
The simulation process will treat each element as a discrete object, so for highe
resolution resultsadd more elements.

A beam is a structural element that is capable of withstanding load primarily by
resistingtorsion and axial loads

Structural element used for nets

Structural element where forces in the members are either tensile or compressi
forces. l.e. Ropes

Spring element going from one node to another.

A group of elements which is defined by the same material data. Components ¢
defined either as beam, truss, membrane or node2node.

Shapes are predefined 3D models that can be imported and viewed as part of t
mainmodel butdoes not affect the simulation in any way.

Terrain data can be imported from several sourdesint data type terrain data
should be used. The terrain will be imported and optimized for viewing and usay
An attribute added to a node or an element, like pointloads, hinges, etc.

A function used in the main view; draw line, extey split line etc.



2. Interface
21 Mwain view

G || Avis |[Membranes | shapes Crosecticn Nomals sneo [ |12 [ F. B B9 |3 B eeot coprmodel | O B G LR | X v = 88 . 4R

z 0 |asez 13735 | 04827 | Snapmodifier 10 Component 1 [Poiter] Click to select nodes or elements.
Figurel - The main application view

A picture of the main view is shownhigurel. More detailed description of the view is described in the
followingchapters.

2.2 Interacting with the 3D model

Name Function

Select Press left mousbutton orhold down left mouse button fobox select.
Press ctrl and left mouse button to select more, or tesg¢ect selected
node/element.
Hold ctrl and left mouse button add several nodes/elements to the selection.
Hold shift to select only nodes whéoxseleding.

Rotate Press and hold down middle mouse button.
Pan Press and hold down right mouse button.
Zoom Scroll with mouse wheeHolding downCTRL at the same time as zooming will us

the alternate zoom acceleration. See Settings: Drawing
The keyboard aaalso be used for zooming. These shortcuts can be found unde
Commands > Zoom.

Lock P&l  Locks the location of Tool Windows to the Main View.

Cursor in the 3D view The cursor changes related to the action selected by the user:

Drawing intent is selected _|_

Translatiorand rotationof model %

AquaSim 2.1



2.3 Toolbar

The toolbar allows for toggling of several functions:

Name Function

Update Forces a redraw of the screen in case a command does not update correctly
Grid Togglewisibility of grid

Axis Toggles visibility of axis

Membranes Toggles visibility of membrane elements

Shapes Toggles the visibility of shapes

Crosssection  Toggles the visibility of crosgctions on beams

Normals Toggles the visibility of normals (the projections of point3)

Snap Toggles whether commands are forced to snap to closest node. Snap modifie

determines how close something must be to enable snapping. This can be set
entering a new value into the boxehind the snap modifier box. Pressing enter v
set a new snapping threshold.

Export Opens the environment data and export to AquaSim window

Copy model  See chapteCopy model

Tip! Right click on the toolbar to unlock/ lock the functions. By unlocking, the user
may dragand-drop the ToclWwindows to the docking area or place it in the 3D view.

IZV‘ [ Fx s B ‘ﬂ |-__='<_| Export Copy model
B QO  Xo&/l BE %« 4V 0O

Normals Snap m

¥ Lock

10
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2.4 Intents

Tool whdow for selecting the active intenf more detailed description of the intents can be found in
chapter 3.

Ixntents - Pointer |E| Draw line |+7| Draw rectangle |E‘

|¥| A Draw |E| Draw circle |§| Draw tube |é‘
e membrane — il =
2ZION= rectangle - -
A1) Move A Rotate |D | Scale | ‘
H= Duplicate |M| Extrude |E| Mirror |‘
P e Split line |?| Intersect |§| Merge lines |?‘
= | Measure |§| Measure angle ;:| Select quad(s) |§‘
El o+ distance — — —
oo Draw |E\_'| Select node(s) | .| Select | |
V. O e membrane — — " element(s) .
Select ||7| Boxselect ||:|| Rotate view |'F |

component - — -

Figure2 - Intent tool window

Tip! Right click in the blue area of the Faohdow for more options.

Inkent
MM B v Disable docking

&) O

2.5 Views

The viewwindow can be used to view the model from different perspectiVd® shortcuts for these
can be found unde€ommands > Views.

Views

=

Figure3 - View window

The default views are isometric, tajpwn, front and side. The second last lmrizooms toselected
nodeselements.

The last button toggles between perspective (default) and orthogonal view.

2.6 File

The file window with shortcuts to some basic options. Shortcuts for these can be foundrileder

11
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Figure4 - File window
The options here ardNew, Openand Save.

2.7 Object properties

This window will change accordingly to what is currently selected imtia window, examples below.

E Component E Mode

Mame Component 1 MName
Type Truss Location <25.0, 25.0, 0.0
DOF Oo0ooo O

Figureb - Componentaslected on the left, node selected on the right

Elernents (1) Elements (2)

E 1 elements selected from 2 Component 1 E 2 elements selected from different components
Element length 11.735 Element length 35.355
Component 2 Component 1 Mame
Type TRUSS Point 3 <0,0, 0,0, 100000,0=
Mame
Mode A <16.667, 16,667, 0.0
Mode B <25.0, 25.0, 0.0=
Point 3 <0.0, 0.0, 100000,0=

Figureb6 - One element selected on the left, two elements selected on the right

Figure5 and Figure6 shows what this windownaylook like depending on what is selected. A more
detailed description is explained in chapter 4.

2.8 Tool properties

This window will contain properties regarding therent selected intent, the intents is shown figure
2 and is discussed further in chapter 3. A couple examples is shown below.

12
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Tool properties Tool properties

Radius |19.098593 Mumber of elements

Circumference |119,999999 [ split at distance

Segments |16 Split selection

Figure? - Properties for drawing circle on the left, properties for splitting on the right

2.9 Decorators

All the decorators added to the model will be listed in this window. A dropdown menu can be used to
filter the list to only show the decorators the user is intésgsin. Each decorator has a popup window
when the user right clicks on an item in the list.

[o-coao T Slectnodes/elements

Al ™ Deactivate
B ImpulseLoad Impulse load .

B Bottom weight Pointload

B z=451 Pointload . Delete

B Frescribed Displacement Prescribed displacement Library

B Raller Raller . Edit

Figure8 - Node decorators window with some decorators that are added to the nuodtde left, popup window on the right
Thecheckbox in front of each decorator toggles visibility in the 3D view.

By Eft clicking on the color behind a decorator will bring up a color palette where the color of the
decorator can be altered. This color will be what the node(s) belonging to theateces drawn as. The
default color is redNote: This only works for decorators on nodes.

The property window of the decorator can be activated by double clicking an item listloeselecting

GORAGE Ay (KS LR2LMzL) 6AYR26®

.8 aStSOUAYyIYSYyEBEORYYZRSAwBRILBzZL) 6AYR28 (GKS dzaSNJ O
that share the selected decorator.

.8 A8t800GAY3 458 0GADI (S8 Ay (GKS LRLIZAI 6AYR26 (KS

{StSOGAY3I 45StSiS¢ NEMOADSHoddh KS aSt SOGSR RSO2NI 2N

2.10 History

This window contains information @fhat the usethas donewhile working on a model. An example can
be seen in the picture below.

13
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Figure9 - History window

2.11 Log viewer

This window containsmformation on what the user has done while working. In contrary to the History
window the Log viewer window is not reset when opening another model or creating a new model. It
also contains some more information and when input is needed from the usdrapeiewer will

aquastructures

contain information about this. An example is shown below, where a rectangle has been drawn.

[T o P T N O T O F T TG T T

[Draw grid] Click to draw first node

[Craw grid] Click to draw second node
[Craw grid] Click to draw third node

[Craw grid] Click to draw fourth node
[Draw grid] Bad message

Executed Draw membrane

[Painter]

[Pointer] Click to select nodes or elements,

FigurelO- Log viewer after a rectangle has been drawn

2.12 POls

Shows the Points Of Interest. E.g. the node names.

POIs

Mode name

Figure 11- POIs window

AquaSim 2.1
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2.13 DOFs

Shows all DOFs in the current model. If a DOF is selected in the list, the corresponding node is selected
and zoomed in. All DOFs can be edited directly in the list, and if a B@de/edited in the window for
node properties then the DOF list will be automatically updated.

<-42,2806, 29,9036, 0.0 go@aadd -
<0,1807, 37.6732, 0.0 i) - |- e
<-39,7511, 3.7041, 0.0 Odoeaco
<-53,5735, -17.4363, 0.0> Jorees
<-30.0844, -18.7462, 0.0 mimie] 1]
<-39.7511, 3.7041, 0.0> i) - |- e
<-53.5735, -17.4363, 0.0 mwiey 11

£2 E73C 17 4353 00 iy, 1. 7. Bl

Figurel2- DOFs window

2.14 Components

The components window shows a list of all the components in the current model. By default, the
window sorts the components based on their type (beam, membrar@anbrane_xtruss, node2node,
shape, in that order)seeFigurel3.

The checkbox in front of eachroponent toggles the components visibility in 3D view. Components that
are not visible cannot be interacted with.

If a component is lacking properties, the name will be showauisive It is possible to rearrange the
component list by dragging and dropping one or several selected items.

_ New com ponent

Show all
@ 2 Component 2 MEMBRANE Show nene
@ 7 component 4 MEMBRANE ¥ Hide disabled components
Hide disabled components model
@ ¢ Component 5 russ [
® 5 Component 3 nopeznone [

Mew component

Figurel3- The Components window on the left, popup window on the left

Figurel3shows an example of a components window. The popup window on the right is shown when a
user clicks on thg-button on the topright corner of the window.

15
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New components can be added by chick 3 G KS 6 dzii { 2 V¥, using tBessho@dit\halzah Be/ (i ¢
found inEdit , or using the Library und@ools > Library . The user can drag and drop files from the
Library windowlf the user drags in one file over a component the user will get a queasiking if the
component should load this file into, ibr if the user wants to create a new component based on the
contents of the file. If the user drags in several files, the program will automatically create new
components based on the content of thefiles.

2.14.1 Color
Left clicking on the color behind each component brings up a color palette where the color can be
altered.

2.14.2 Component options
Right clicking on a component brings ufisaof options for the selected component, sé&gurel4.

Set name Set name
Sets the name of the component, keyboard shortcut F2. Name of component c: Type y
also be changed in theroperty window for the component by selecting Edit. Visibilty >
Type Lock

Sets the type of component; beam, membramembrane_xfruss and Deactivate
node2node. If the component contains properties a warning will be shown befo

changing the type (which removes all g®isting prgerties). Operations >
Visibility Delete
Toggles the visibility, equal to using the check marks in front of the components Merge
PaAy3 GKS a{K2g 2yte (KAa¢E 2LGA2Yy ¢ Library T GKS
turning visibility of the other components off. Edit

6 { K2 ¢ ailiuNI®r@ialf stress coloring in AquaView when results are openetyure14- Right click
ona Component

Lock
Disables any editing of the component.

Deactivate
Deactivates the component from analysis.

Operations

Select
Select all elements of the component.

To active component
Will move allselected elements to this component.

Copy from
Will copy properties from a valid selected component.

Merge
If multiple components of the same type are selected, they will be merged into one. Only the properties
of the first selected component will be used.

16
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Add contact
Adds a contact between two selected components.

Ba Component contact ot
= Properties
First part Bunnbjelke /BEAM J
Second part Merd D 160x30mMEMBRANE J
Distance 0.0
Stiffness 0.0
Damping stiffness 0.0
Dryramic friction damping 0.0
Static stiffness friction coeff 0.0
Max initial distance 0.0

oK
Figurel5- Component contact
Properties Description
Distance Distance before center of node and center of element the contac
starts.
Stiffness Stiffness otontact.
Damping stiffness Damping proportional to stiffness at contact, normal direction.
Dynamic friction damping Dynamic friction damping proportional to stiffness parallel to
element.
Static stiffness friction coeff  Static stiffness friction coefiient proportional to stiffness.
Max initial distance Max initial distance where contact elements are introduced if larg
than 0.

Calculate membrane volume
Will show the static volume of the membrane (only available on membrane components).

Convert to terrain
Will convert the component to terrain data, using the elements of the component as basis for the
terrain (only available on membrane components).

Convert to explicit
Will turn a component with type membrane over to the type membrane xplfeit membrane).

Delete
Deletes this component.

Library
Opens the library for exporting or applying a template to the component. This dialog is explained in
more detail in chapteLibrary

17
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Edit
Brings up the pperty window for the component, this is explained further in the coming chapters.
Doubleclicking on the component or pressing ENTER will also open the property window.

18
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2.14.3 Beam

Information

The first panel of th property window seeFigurel?, specifies the name and the description of the
beam, as wll as whether the beam has Meon or hydrodynamic load modéior more inbrmation
about Morison and hydrodynamic load models, ¢Berstad A. J., The AquaSim package Theory user
manual, 2021)

/| K22aAy3 2yS 2F (KS AGSYa Ay UK SgeremstB dridRsedtigh f A & U

values br the beam. This function calculates cr@gxtion values for: Tube, hollow rectangular, massive
rectangular, I/Hbeam and double tube. All autgenerated values will be locked, to edit fields manually

dzy

OK22a$S a/dad2Yé Ay (KS thieNBsksecRon. Whefe fs also a pogsibifyd 3 Sy S NI

draw your own crossection in a separate 2D drawing program that opens using the data source
AquacCross. This is explainedletail in its own user manughquastructures AZ022d)

The visual crossection can be transferred to the hydrodynamic crssstion by clicking the button
G/ 2L G2 KERNRREYIlIYAO:®

The text area contains the points in the 2D crssstion. Each line represents one point, with the
coordinate on they-axis first and the coordinate on theaxis second. For a crassction that is

symmetric around the-axis, only half of the pointsare needed Sy I 6 ft Ay3d a{ &8YYSGiNROI f §

points on the righthand side of the-axis over to the lefhand sideand create a symmetrical cross
section.

The crosssection can be visualized in the -8indow with the crosssection applied along the beam
elements local saxis.AquaEdit follows the righhand rule, sed-igurel6. Directionain the figure is the
direction from node A to node B (locabxis), directiora x b is the local zaxis (see chaptdpoint 3 and
directionb is the local yaxis. This is important to remember when drawing a-sgmmetrical cross
section and when editing point3 of the element.

The beam can have an asymmetric cresstion as well. This means
that the crosssection at node A and node B is different and AquaEdit
will interpolate between them to create an asymmetric creggtion.
Figurel8shows three beam ements with a square crosection at
node A and a straigHine crossa SOl A2y G y2RS . &
will take crosssection at node A and scale it and then apply it to node
B.

Figurel6 ¢ Righthand rule

19
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B Edit beam: 2 Inner floater @450 PE100

Information Mame Inner floater G450 PE10D
Material [ section properties
Stress caloulation

Element loads

Advanced

Description

Type Hydrodynamic

X

Data source |iCustom

Visual crossection

Symmetrical [_| Asymmetric ends

0.0000 0.2250
0.11250.1949
0.1949 0.1125
0.2250 0.0000
0.1549 -0.1125
0.1125 -0.1949
0.0000 -0,2250

A

B Scale Move

Copy to hydrodynamic

0,4500

0,4500

Cancel

Figurel? ¢ Informationpanel

Figurel8- Asymmetrical beam elements

AquaSim 2.1
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Material/section properties

aquastructures

B Edit bearm: 2 Inner floater @450 PE100 >
E Material properties
Material / section properties E-modulus 1E9 Mfm~2
Stress caloulation G-modulus 3,84E8 Njm 2
Element loads B Cross sectional properties
Advanced Area 0.023185 m~2
Iy 5.4409E-4 m"4
Iz 5. 4409E-4 m"4
It 1.0832E-3m"4
E Weight and volume per meter length
Volume 0.159043 m=3/m
Mass density 358.0 kg/m"3
Weight in air 22.210906 kgfm
E Advanced
Rayleigh damping {mass) 0.0
Rayleigh damping (stiffness) 0.0
Mass radius 0.0m
Pretension 0.0
Cancel

Figurel9 - Material/section properties panel

Properties
E-modulus
G-modulus
Area

Description

5

Shear modulus
Cross sectional area

2dz/y3Q4&. Y2 Rdz dza

ly
4
It
Volume

Mass density
Weight in air
Weight in water

Rayleigh damping (mass)
Rayleigh damping (stiffness)
Mass radius

Pretension

Moment of area around locataxis

Moment of area around localaxis

Torsional stiffness

Hydrodynamic: Maximum buoyancy per meter

Morison: Amount of added masAlso relates to the added mas:
of the component.

Mass density of material

Weight in air of element, per length

O Q@WNH OO QD QWD QI D6 KEé GEEBDQ A [
element is in air, then input is weight inai) ¥ & 2 A G K
chosen under Time series (see chapfane serig) then Weight
in water must have an input.

Extra damping on acceleration on elements

Extra damping on stiffness on elements

Average radius the mass has with respect to loeatig

Inner tension in element (prstrain).

A more detaid description can be found {Berstad A. J., The AquaSim package Theory user manual,

2021)

AquaSim 2.1
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Stress calculation

Ba Edit beam: 2 Inner floater @450 PE100 >
Information E Bending: distance from neutral axis
Material [ section properties Z-aver 0.225m

Stress caloulation Y-aver 0.225m
Element loads Z-under 0.225m
Advanced Y-under 0.225m
E Torsion: distance from neutral axis
Z-over 0.225m
Y-over 0.225m
Z-under 0.225m
¥-under 0,225m
E shear area
Kappa Y 1.5
Kappa Z 1.5

Cancel

Figure20 - Stress calculation panel

The arms for bending and torsion, and shear constants/shear area. This is used to calculate stresses in
the beam dependent on forces and moments acting on it.

A more detailed description of bending, torsion and shear is fourfBdrstad A. J., The AquaSim
package Theory user manual, 2021)
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Element loads

For Morison load model:

B4 Edit beam: 1 Component 1 *
Information Bl Drag load
Material [ section properties El Drag coefficients
Stress caloulation y 1.2
Element loads Z 12
Advanced = Added mass coefficients
cay 1.0
Caz L0
E Diameter for drag
¥ (depth) 0.0m
Z (width) 0.0m
= wave generated damping coefficient
Harizontal motion 0.0
Vertical motion 0.0
Rotation 0.0
E Advanced
Slamming shape Cirde j
Wave amplitude reduction 0.0
Current reduction 0.0
Longitudinal drag coefficent 0.0
H [/] Wind load
E Wind type
Wind type Type 1 j
E Wind fetch
Max ¥ height 0.0m
Min ¥ height 0.0m
Max Z width 0.0m
Min Z width 0.0m
E Drag coefficient wind loads
¥ 0.0
Zz 0.0
Cancel

Figure21- Element loads panglor Morison load model

Properties
Drag coefficient Y/Z

Description
Dragcoefficient for local yand zaxis

aquastructures

Added mass coefficient£Ca,
Diameter for drag Y (depth)

Diameter for drag Zwidth)
Wave generated damping
coefficient

Slamming shape

Wave amplitude reduction

Current amplitude reduction

Longitudinal drag coefficient
Wind load

AquaSim 2.1

Added mass coefficient for localgnd zaxis

This will together with element length define drag area for
element in local yaxis

This will together with element length define drag area in
local zaxis

In case element is in wave zone, additional damping can b
included. Horizontal motion, Verticaiotion, and Rotation.
Shape of object going thought the water line. Default circle
but rectangular volume witheight based on the drag height
0 means full wave, 1 means no wave, 0.5 means half
amplitude.

0 means full current, 1 means no current, 0.5 means half
current.

Drag coefficient in localdirection.

See description below
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Wind load
Wind load is activi@d/de-activated by clicking the checkbox. There are two alternatives to choose from
in the dropdown list, type 1 and type 2.

Type 1:

Wind is added in local Y and Z directions on beams with the drag areasddafingin/max Y and Z, and
drag coefficients.

It is only possible to add wind perpendicular to the beam. To add wind in the direction of the beam; use
I aRdzYYe o0SIYé LISNILISYRAOdz I NJ F2NJ 4KS aYFAYy 0SFYé

AquaSim uses the wind speed at an altitude of 10 meters as input. As the wind is reduced towards the
surface, it is necessary to use the position of the top and bottom of the-afifetted ar@to get the

correct wind force acting on the element. AquaSakesinto consideration the z position of the

elements when calculating the correct wind force.

Max/Min Y height is the top and bottom of that area. For horizontal elements with a default horizontal
local yaxis, this is the height of the element.

As some elemnts during the analysis tends to roll, or for some other reason the defaafid/zaxis is
changed, there would be a wiraffected area perpendicular to the locabxis. For wingxffected
elements, rolling, the Min/Max Z height describes the widthta$ £lement measured from the neutral
axis of the elementSeeFigure22 for illustration.

The wind fetch area is then calculated from the element length, the diffeakimtiMax Z height and Min
Z height along the elements locahyis and the differential in Max Y height and Min Y height along the
elements local -axis.
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L.

‘d_j,-r—\’—max height

Heightto define

l.—  actual windspeed

Beam element —\
&

MNegative value

‘__ﬂ__f-ﬂ_Y—min height
a
‘_‘_r_,r'_Z—max height
L—X
@ _/ D
Beam element
ba—"  Z-min height

Figure22 - Wind load on an element

Type 2:

Fa type 2, wind forces are ¢iated in the same way as drag loads from current. Force calculated is based
2y G5AFYSGSNI F2NJ RN 3¢

by R

aquastructures

G5NF 3 O2S T Eukrddih Sy i ¢

speed and density of water, wirgpeed and density of air is used. Type 2 tak&s onsideration the Z

position of the elementThe wind profile is calculated according NORSOK NO003, more information about

this is found in(Berstad A. J., The AquaSim package Theory user manual, 2021)

AquaSim 2.1
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For Hydrodynamic bd model:

B Edit beam: 2 Inner floater @450 PE100 *
Information B Hydrodynamic load
Material [ section properties Hydrodynamic length coefficent 1.0
Stress caloulation Meutral axiz Z 0.0m
Waterline Z 0.0m
Advanced Mass centre Z 0.0m
Viscous roll damping coefficient 1.0
E Drag load
E Drag coefficients
A 1.2
z 1.2
= Diameter for drag
¥ (depth) 0.0m
Z (width) 0.0m
E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
Longitudinal drag coeffident 0.0
H [] Wind load
E Wind type
Wind type Type 1 j
= Wind fetch
Max ' height 0.0m
Min ¥ height 0.0m
Max Z width 0.0m
Min Z width 0.0m
= Drag coefficient wind loads
A 0.0
z 0.0
Crossection
Symmetrical [_| Asymmetric ends A B| Scale Maove
0,0000 02,2250 0,4500
0.11250.1949
0.1949 10,1125
0,2250 00,0000
0,1949 -0, 1125 0,4500 O ¥
0.1125-0.1949
0.0000 -0,2250
-z
Cancel

Figure23- Element loads panel, for Hydrodynamic load model

Properties

Hydrodynamic length coeff.

Neutral axis Z

Waterline Z

Mass centre Z

Viscous roll damping coeff.

AquaSim 2.1

Description
Length of flotation on element (e.g. pontoordiyidedby total

length of element. Between 0 and 1.
Vertical space between element and the elements cisedional

centre.

<

aquastructures

For adjusting the waterline level on the hydrodynamic profile.
Positive level means more buoyantyadditian, a blue line on the
crosssection view indicates where the adjusted waterline is.
Vertical space between element and mass centre of the eross

section.

Damping coefficient for roll motion on beam.
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Wave amplituce reduction

Current reduction

Longitudinal drag coefficient

aquastructures

Reduction of wave amplitude on element, due to e.g. shadow

effects. A number between 0.0 and 1.0. 0 correspond to 0%
reduction, 1.0 correspond to 100% reduction.

Reduction of current due to e.ghadow effects. A number
between 0.0 and 1.0. 0 correspond to 0% reduction, 1.0
correspond to 100% reduction.

Drag coefficient in localaxis.

A more detailed description of hydrodynamic loads can be fouriBénstad A. J., The AquaSim package
Theory user manual, 2021)

The Scale button with createn@asymmetric crossection where the crossection on the B side will be
the A crosssection scaled by this factor.

The Move button translates therosssection in the z and y dimension. Note that for mirrored cross
sections it will only move the mirrored half. The correct inputs to the move daeg displacement, y

displacement.

Advanced

For Morison load model:

Ea Edit bearn: 101 Indre flyter @450 PE100 >
Information El ] Non linear data
Material [ section properties MNLD O ;j
Stress calculation B [] Weight Factor slamming
Element loads Value 0.0
= A Life
Input type Radians __:j
Direction of lift 1 “:j
Diameter 0.0m
Angle 0.0rad
D Angle Ccd LiftCoeff YawCoeff
1 0.0 0.0 0.0 0.0
2] 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0
Cancel
Figure24 - Advanced panel, for Morison load model
27
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Non linear data can be added to the beam. For more information about non linear data, see chapter
Node2Node spring

Weight factor slamming can be activated if element is filled with water when submerged when using the
G2 AGK &fFYYAYy3dE dzyRSNJ GKS ! ROl yOSR (ihedonflled G KS 9ELJ
volume (typical equal to area) divided by total volume (typical volume).

Lift

Properties Description

Input type This indicates if data is given in radians or degrees

Direction of lift Positive direction of element (corresponding to 0 deggengle of incident
flow) is along the localaxis.
1: The lift direction is in accordance with a normed space.
-1: The inverse.
-2: The rotation direction ispposite but not the defined lift direction.
-3: The lift direction is definedpposite, but not the angle.

Diameter The coordinate length the drag and lift coefficients are multiplied with. They
are also multiplied with the length of the element.

Angle Angle between the #ilow and the local-axis of the beam. If angle is O, the

local zaxis defines the-@ngle flow direction to the beam in the creew
plane. It is recommended to use angle 0 and direct the lceaizto be in
accordance with this. This is to avoid any miss on positive/negative angle.

To define the lift fodifferent angles it is necessary to add a table defining the different drag, lift and
yaw coefficient for the incoming angle. Add rows by pressing ENTER inside the table.

Properties Description

Id Data number.

Angle In-flow angle in the crosfiow plane relative to the localaxis.

Cd Drag coefficient in the flow direction.

Lift coefficient Lift coefficient. Factor for force 90 degrees to the flow direction in the erc
flow plane.

Yaw coefficient Coefficient forrotation around the beam of the lift object.

28
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For Hydrodynamic load model:

B4 Edit beam: 1 Component 1

Information
Material [ section properties
Stress calculation

E @ Non linear data

Element loads B @ Drift
@ Amount of drift applied %

Figure25- Advanced panel, for Hydrodynamic load model

Properties

Non linear data

Horizontal component of hydrodynamic forces
only

Drift

AquaSim 2.1

[] Horizontal components of hydrodynamic forces only

NLD O ...

50 %

Cancel

Description

See chapteNode2Node spring

Only horizontal components of the hydrostatic
and hydrodynamic forces are accounted foe.
drift and drag forcesMeaning that the
hydrostatic forces and vertical hydrodynamic
forces are set to 0.

Toggle on to include calculation of wave drift
forces.Wave drift forces arealculated by the
default AquaSim methodology.

Amount of drift appliedwave drift forces are
reduced manuallypy reducing the amplitude of
the incident wave 1% corresponds to 1% of the
incident wave, 50% corresponds to 50%haf
incident wave, and so on.
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2.14.4 Membrane
Information

Ba Edit membrane; 205 Not *

Material properties Mame Mot

Load properties
Description
Type Mormal h
Load formulation Maormal -

0K Cancel

Figure26 - Information panel

The first panel of the property window, s€&ure26, speifies the name and the description of the

membrane. The type of membrane and load formulation can also be edited here. There are 3

membrane types: Normal, Normal with bending stiffness and SBa&ted on what is chosgthe tab

Gal GSNRIf LaNKR2A IS NTIKAS aréy Lddklf fY SSRSR F2NJ al AR (GeLlsSed L1
OK2aSys GKSYy | dFro6 yFrYSR a.SYRAYy3 adATFySaae oAfft
There areb Load formulations that can be useNormal, General impermeable net, Morison frelate,

Lice skirt, Closed compartment and Surface Tarpaulin. Based on which Load formulation is chosen, the

GFro Gal GSNAIFf LINPLISNIASag gAftf akKz2g GKS AylLdzi ySS
membrane type Shell, the Load formulations Generalimpeable net and Marison free plate is

available.
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Material properties

Ba Edit membrane: 205 Mot >
=l Properties
Material properties E-module 1E9 Mfm~2
Load properties Thread diameter 1,.9995E-3 m
[ area 3.14E-6 m "2
Mass density 1025.0 kg/m~3
[ Relative density in water 0.0 kg/m~3
Mo compression forces O
= Solidity
Pretension Y 5E-5
Pretension £ 5E-5
Growth coefficient 1.5
Maskwidth ¥ 0.025m
Maskwidth Z 0.025m
Solidity 15.995944 %
Solidity ind growth 23.993916 %
= [»] ¥olume
Top open
Bottom open
= Advanced
Rayleigh damping stiffness 0.0
Rayleigh stiffness mass 0.0
0K Cancel

Figure27 - Material properties, normal

Figure27 shows the input for types Normal and Normal with bending stiffness.

Properties Description

Emodule ,2dzy3Qa Y2RdzZ dza ¢
Thread diameter Diameter of the thread.

Area Crosssectional area of the thread.
Mass density Mass density for the thread.

Relative density in water

No compression forces
Pretension Y
Pretension Z

Growth coefficient
Maskwidth Y
Maskwidth Z

Solidity

Solidity incl growth

AquaSim 2.1

Relative weight in water. Density of material subtracted density ¢
salt water (1025 kg/rh

Forces in the net twines will be Ddompressed.

Elongation divided by length for threadslatal zdirection.
Elongation divided by length for threadslacal ydirection.
Parameter to account for increased diameter of twines frimuling.
The distance between the threads in horizontal direction.

The distance between the threads in vertical direction.

The solidity of the net.

The solidity of the net, included fouling.
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Volume

Rayleigh damping stiffness
Rayleigh damping mass

Tick the Volume checkbox to perform volume calculations in
AquaView. Choose if the net is open or closed in the upper or loy

part.

SeeMaterial/section propertiedor beam.
SeeMaterial/section propertiedor beam

B4 Edit membrane: 205 Mot *
= shell properties
Material properties E-module 1E9 Mfm~2
Load properties Thickness 0.0m
Poisson 0.0
Mass density 1025.0 kg/m~3
] relative density in water 0.0 kafm~3
Mo compression forces |
Added thickness coefficent 1.0
Pretension Y 5E-5
Pretension £ 5E-5
B [] ¥olume
Top open
Bottom open
E Advanced
Rayleigh damping stiffness 0.0
Rayleigh stiffness mass 0.0
0K Cancel

Figure28 - Material properties, Shell

Figure28 shows the input for type Shell.

Properties
Thickness
Poisson

Description

Thickness of the plate
Poisson modulus

Added thickness coefficient Coefficient to increase/decrease thickness, used for finding volum
for the Froude Kiriloff part of force in Morison.

AquaSim 2.1
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Load properties

Ed Edit membrane: 1 Component 1 *
Information = Normal load formulation
Material properties Mask type Type 1 ﬂ
Load properties Load type M1: New Default ﬂ

Met in air ]

= Advanced

Wave amplitude reduction 0.0

Current reduction 0.0

Extra drag normal direction threads 0.0

Extra drag tangential direction 0.0

Save Cancel
Figure29- Load propertiesNormal and Normal with bending stiffness
Figure29 shows the input for types Normal and Normal with bending stiffness
Properties Description
Mask type 1 is square mask, 2 is diamond mask
Load type M1: Drag force is calculated depending 3 St SYSy i Q

relative to the current direction.
M2: Same as M1, but drag coefficient is calculated based on the
Reynolds number.

Net in air Instead of dragrom waves and current, drag will be calculated
based on wind speed and density of air.

Wave amplitude reduction Between 0 and 1, O is full wave and 1 is no wave. E.g. 0.5 mean:
wave amplitude.

Current reduction Between 0 and 1, O is full curremiéh 1 is no current. E.g. 0.5 mear
half current.

Extra drag normal directon ClF O 2NJ GKIF 4 FRRa RN} 3 f2FR 2y
threads GKSSt¢ Ay yY2N¥IFf RANB ()u)\zy
Extra drag tangential Factor that adds drag load on threads that &ré Ol § SR G 2
direction 6KSSE¢ Ay G(Fy3asSyarrt RANBOGAZ
33
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Bd Edit membrane: 1 Component 1 *
Information = Impermeable net load formulation
Material properties Drag coeffident 1.0
Lift coefficent, peak value 2.4
Density of fluid inside tank 1025.0 kgfm~3
Height of fluid level inside tank relative to sea level 0.0m
Added mass coefficent / height 0,25
Hydrodynamic damping coeffident 0,25
Bottom factor, 0 if water flow through bottom 0.0
Area top that water can penetrate over 0.0m"2
Damping coeffident 0.0
Indude drift ]
Skin friction coeffident 0.1
Height of net edge 0.0
Inner fluid mass scaling 1.0
Added mass indicator 0
Extra drag in front 0.0
Wave damping tangential to panels 0.0
Combined pressure from waves and current 0.0
Type of diffraction load MacCamy-Fuchs ﬂ
Diffraction scaling 1.0
Vacuum surface suction Il
El Thickness
Thickness ¥ 1.2566E-4m
Thickness Z 1.2566E-4m
Thickness 2.5133E-4m
E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
= Sloshing
Table {none) ﬂ
Save Cancel

Figure30- Load propertiesiGeneraimpermeable net

Properties
Drag coefficient

Lift coefficient, peak value
Densityof fluid inside tank

Height of fluid level inside tank relative to

sea level

AquaSim 2.1

Description

Gives the form drag to the cylinder with respect to
the diameter of thecylindrically shaped net.

Gives the peak value for the pressure distribution.
If the bottom factor is 0.06.g.,lice skirt), this
parameter is a dummy. In this case the internal
static pressure is set equal to the external pressur
If the bottom factor is 1.0, then this parameter is tt
density of the fluid inside the tank. The external
pressure is calculated baden the density of salt
water, 1025 kg/m

This parameter is a dummy if the bottom factor is
0.0.

If the bottom factor is 1.0 then this value is the sta
water level of the fluid inside the tankelative to

the outside water level. Positive value means that
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the inside water level is higher than the outside
water level.
This * area top gives the extra volume.

Added mass coefficient Added mass coefficient horizontal motion with
respect to 2Dvolume with the diameter at the giver
depth.

Hydrodynamic damping coefficient Added mass coefficient vertical motion with respe:
to 2D volume with the diameter at the given depth

Bottom factor, 0O if water flow through 1.0 means that the inner Yome is separated from

bottom the outer volume. 0.0 means that the inside and tt
outside fluids are connected, which is the case for
lice skirts.

Area top that water can penetrate over This parameter is a dummy if the bottom factor is
0.0.

When a netwhere the fluid on the inside is
separated from the fluid on the outside, is deforme
it will change volume. This area is then the area tt
fluid is assumed to be pushed through when net
volume is changed.

Damping coefficient Like added mass, damping framave generation
can be introduced. This coefficient is multiplied wi
volume and velocity in the same way that the adds
mass coefficient is multiplied with acceleration.

Include drift ¢t2 AyOfdzZRS RNRATFTO F2NDOS
under the Advaced tab in the Export dialog must
used.

This element is calculated with forces to the actua
water line, meaning that parts of drift forces are
included even if this is not checked.

Skin friction coefficient Drag along the membrane elements.

Heightof net edge Height of inside net, if 0.0 infinite height is set. If
higher than 0.0 then the fluid inside can splash ov
the edge if it is compressed enough that it reache:
over this set height.

Inner fluid mass scaling Part of inner water mass inside tank to be used as
added mass in the analysis.

If this parameter is:
- 1, then 100% of the enclosed water volumi
vibrates as added mass,
- 0.2, then 20% of the enclosed water volum
vibrates as added mass,
- 0, then 0% of the erlased water volume
vibrates as added mass,
- 1.2, then 120% of the enclosed water
volume vibrates as added mass.
More information is found ifjBerstad A. J., The
AquaSim package Theory user manual, 2021)
Added mass indicator Indicator of added mass in and out of water.
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0: Added mass both of fluid inside and outside are
assumed distributed to the mean free surface and
mass is distributed consistent (no mass in rotation
DOFs). The mean free surface is the surface at tt
steadystate condition where approximately 2/3 of
the current velocity has been added to the system
1: Same as 0, but the mass is lumped to the
translational DOFs of the nodes.

2: In this case added mass for both inside and
outside fluid is calculated to thectual water line
during the simulation. This option can be suitable -
a stiff cylinder going in and out of water in a rather
wall sided manner. 2 means combining with
consistent mass.

3: Same as 2 but combining with lumped mass.

Extra drag in front Extra drag in front

Wave damping tangential to panels The theoretical wave damping only works normal
the plane on the panel element, but in real life the
panel may consist of some curvature meaning tha
tangential part can be introduced.

Combined pressre from waves and currents The way current and wave loads are combined fol
calculating pressure from current.

n YSlya GKFG GKS GaNI g¢
used as basis such that the pressure is found fron
the pressure coefficient multiplied with lstive
velocity at the element. 1 means that the relative
velocity is averaged over the elements at similar
vertical location. In between means that the effect
are weighted.

Type of diffraction load Methods for calculating diffraction part of the
pressure caused by waveékhese are further
explained in(Berstad A. , 2020)

Flexible tarp load formulation adapted to flexible
tarps and woven textiles.

MacCamyFuchs Diffraction loads are calculated
from the MacCamyFuchs theory, and the added
mass and hydrodynamic damping factors are relat
to the volume of the tank.

Numerical diffraction Diffraction loads are based ¢
y dzZY SNA Ol f sikkaf2 @zeiOISiE X 2By d
and damping coefficients are in this case scaling t
added mass whichlso isfound from the numerical
diffraction theory.

Hybrid flexible tarp/numerical diffraction
Combination of the Flexible tarpnd Numerical
diffraction-load formulations Added nmass and
damping is calculated using the Numerical

36
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Diffraction scaling

Vacuum surface suction

Thickness Y

Thickness Z
Membrane thickness
Sloshing

AquaSim 2.1
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diffractiontheory. The user weights the methods
OKNRdzZZK GKS a5AFFNI OGA
Hybrid flexible tarp/MacCamyFuchs Combination
of the Flexible tarpand MacCamyruchs load
formulations.Added mas and damping is calculate
using the MacCamifuchstheory. The user weights
0KS YSGK2Ra GKNRdIzAK (K
option.

Weight factor for the Hybrid flexible tarp/ numerice
diffraction and Hybrid flexible tarp/ MacCarfuds
formulations.Applying a value of 0.99 means that
99% of the diffraction force is calculated from
Numerical diffraction, or MacCanfyuchs, method.
1% is taken from the Flexible tarpethod.

Vacuum between membrane and water lirk&ar
cases where membrane moves above water.

- Ticked onmeans activating vacuum. Negative
pressure between membrane and water line is
allowed.

- Ticked off means no vacum.

Thickness of twines in Y direction. Based on area
the threads and mask width that are given in the
Information panel. The formula is thicknessrea /
Mask widthY

This can be overridden and the mask width in the
Information panel will be updated acatingly.
Thickness of twines in Z direction.

The total thickness, Y and Z direction added up.
Edit/Add a sloshing table to the net.
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= X
=
Name Sloshing 1
Type Radians ﬂ
n Amplitude  Phase Direction Tank width Tank depth  Period
1 0.0 0.0 0.0 0.0 0.0 &
2 0.0 0.0 0.0 0.0 0.0 &
3 0.0 0.0 0.0 0.0 0.0 &
4 0.0 0.0 0.0 0.0 0.0 &

0.0 0.0 0.0 0.0 0.0 &

Add row Delete row OK Cancel
Figure31 ¢ Sloshing
Properties Description
Type
n
regular sloshing wave.
Amplitude Amplitude of sloshing wave.
Phase
statically.
Direction Wave direction relative to-axis.
Tank width Effective tank width.
Tank depth Effective tank depth.
Period

aquastructures

Type of anglesonnected to the wavehase and
directiort choose betweemadians or degrees.
The nth sloshing wave. Each row represent a

Wave phase in time relative to Sinus time.

If set to-10 or less, then sloshing load is put on

Period of the sloshing wa{s]. Auto-calculated
based on wave amplitude, tank width and tank

depth.

For a more detailed description ofembrane parameters and its theqrgee the repor{Berstad A. J.,
The AquaSim package Theory user manual, 2021)

AquaSim 2.1

38



=55

o

aquastructures

Bd Edit membrane: 1 Component 1 *
Information = Impermeable morison load formulation
Material properties Drag coeffident 1.0
Load properties Lift coeffident 2.4

Added mass coefficent / height 0,25

Hydrodynamic damping coeffident 0,25

Damping coeffident 0.0

Skin friction coeffident 0.1

Added mass and damping Manual j

E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0

Figure32 ¢ Load properties, Morison free plate

Save Cancel

Morison free plate uses the Morison load formulation to calculate the load applied to the net elements.

Properties
Drag coefficient
Lift coefficient

Added mass coefficient / height

Hydrodynamic damping coefficient

Skin friction coefficient

Added mass and damping

Wave amplitude reduction

AquaSim 2.1

Description

Drag coefficient on membrane, noahdirection.
Coefficient for force on membrane, tangential
direction.

Added mass coefficient for the membrane, normal
direction. Note that the unit is in [m], more
information about this ifAquastructures AS,
20219)

Hydrodynamic damping is calculated alonghwtie
added massThis parameter scales the calculated
damping. If 1.@ll the calculatedlamping is
included. If 0, nthing of the calculatedlamping is
included.

Coefficient for skin friction force. Skin friction force
is due b viscous drag in the boundary layer on the
membrane.

Two options are available here:

- Automatic: added mass and damping force
are calculated automatically by numerical
method.

- Manual: added mass and damping force a
calculated maually based on the Added
mass coefficientThe value in this case is
height of water mass (i.e., multiplied with
rho and area) whereas the coefficient for
damping is multiplied with rho and area
also.

Reduction of wave amplitude on element, due to
e.g., shadow effects. Input is a number between 0
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and 1.0. 0 correspond to 0% reduction, 1.0
correspond to 100% reduction

Reduction of current due to e.g., shadow effects.
Input is a numbebetween 0.0 and 1.0. 0
correspond to 0% reduction, 1.0 correspond to 10

Current reduction

reduction.
Ba Edit membrane: 1 Component 1 et
Information E Impermeable net load formulation
Material properties Drag coeffident 1.0
Lift coefficient, peak value 2.4
Added mass coefficent / height 0.25
Hydrodynamic damping coeffident 0.25
Damping coefficdent 0.0
Include drift Il
Skin friction coeffident 0.1
Inner fluid mass scaling 1.0
Added mass indicator 0
Extra drag in front 0.0
Wave damping tangential to panels 0.0
Combined pressure from waves and current 0.0
Type of diffraction load MacCamy-Fuchs j
Diffraction scaling 1.0
= Thickness
Thickness Y 1.2566E-4m
Thickness Z 1.2566E-4m
Thickness 2,5133E-4m
E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
E sloshing
Table {none) j
Save Cancel

Figure33 ¢ Load properties, Lice skirt

Properties
Drag coefficient

Description

Gives the form drag to the cylinder with respect to
the diameter of the cylindrically shaped net.

Gives the peak value for the pressure distribution.
Added mass coefficient horizontal motion with
respect to 2D volume with the diameter at the give
depth.

Added mass coefficient vertical motion with respe:
to 2D volume with the diameter at the given depth
Like added mass, damping from wave generation
can be introduced. This coefficient is multiplied wii
volume and velocity in the same way that the addkt
mass coefficient is multiplied with acceleration.

Lift coefficient, peak value
Added mass coefficient

Hydrodynamic damping coefficient

Damping coefficient

40
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Include drift ¢t2 AyOfdzZRS RNATFO F2NDOS
under the Advanced tab in the Export dialog must
used.

This element is calculatesdith forces to the actual
water line, meaning that parts of drift forces are
included even if this is not checked.
Skin friction coefficient Drag along the membrane elements.
Inner fluid mass scaling Part of inner water mass inside tank to be used as
added mass in the analysis.
If this parameter is:
- 1, then 100% of the enclosed water volum
vibrates as added mass,
- 0.2, then 20% of the enclosed water volum
vibrates as added mass,
- 0, then 0% of the eesed water volume
vibrates as added mass,
- 1.2, then 120% of the enclosed water
volume vibrates as added mass.
More information is found irf{Berstad A. J., The
AquaSim package Theory user manual, 2021)
Added mass indicator Indicator of added mass in and out of water.
0: Added mass both of fluid inside and outside are
assumed distributed to the mean free surface and
mass is distributed consistent (no mass in rotation
DOFs). The mean free surface is the surface at tt
steady state condition where approximately 2/3 of
the current velocity has been added to the system
1: Same as 0, but the mass is lumped to the
translational DOFs of the nodes.
2: In this case added mass for both inside and
outside fluid is calculated to thectal water line
during the simulation. This option can be suitable
a stiff cylinder going in and out of water in a rather
wall sided manner. 2 means combining with
consistent mass.
3: Same as 2 but combining with lumped mass.
Extra drag in front Extma drag in front
Wave damping tangential to panels The theoretical wave damping only works normal -
the plane on the panel element, but in real life the
panel may consist of some curvature meaning tha
tangential part can be introduced.
Combined presste from waves and currents The way current and wave loads are combined fol
calculating pressure from current.
n YSlya GKIFIG GKS GaNI g¢
used as basis such that the pressure is found fron
the pressure coefficient multiplied with raive
velocity at the element. 1 means that the relative
velocity is averaged over the elements at similar
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vertical location. In between means that the effect
are weighted.

Type of diffraction load Methods for calculating diffraction part of the
pressure caused by waves. These are further
explained in(Berstad A. , 2020)

Flexible tarp load formulation adapted to flexible
tarps and woven textiles.

MacCamyFuchs Diffraction loads are calculated
from the MacCamyFuchs theory, and the added
mass and hydrodynamic damping factors are relal
to the volume of the tank.

Numerical diffraction Diffraction loads are based ¢
Yy dzY SNA O £ Olat2@zefOISiE X 2by d
and damping coefficients are in this case scaling tl
added mass which also is found from the numeric
diffraction theory.

Hybrid flexible tarp/numerical diffraction
Combination of the Flexible tarpnd Numerical
diffraction-load formulations. Added massd
damping is calculated using the Numerical
diffraction-theory. The user weights the methods
OKNRdzZZK GKS a5AFFNI OGA
Hybrid flexible tarp/MacCamyFuchs Combination
of the Flexible tarpand MacCamyuchs load
formulations. Added massd damping is calculatec
using the MacCamlifuchstheory. The user weights
0KS YSGK2R&a UGKNRdAAK (K
option.

Diffraction scaling Weight factor for the Hybrid flexible tarp/ numerice
diffraction and Hybrid flexible tarp/ MacCanrfyuchs
formulations. Applying a value of 0.99 means that
99% of the diffraction force is calculated from
Numerical diffraction, or MacCanfyuchs, method.
1% is taken from the Flexible tarpethod.

Thickness Y Thickness of twines in Y direction. Based on area
the threads and mask width that are given in the
Information panel. The formula is thicknessrea /
Mask widthY
This can be overridden and the mask width in the
Information panel will be updated accordingly.

Thickness Z Thickness of twines indirection.
Membrane thickness The total thickness, Y and Z direction added up.
Sloshing Edit/Add a sloshing table to the net. More

information inFigure31 and succeeding table after
the mentioned figure.
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Bd Edit membrane: 1 Component 1 *
Information = Impermeable net load formulation
Material properties Drag coeffident 1.0
Lift coefficent, peak value 2.4
Density of fluid inside tank 1025.0 kgfm~3
Height of fluid level inside tank relative to sea level 0.0m
Added mass coefficent / height 0,25
Hydrodynamic damping coeffident 0,25
Area top that water can penetrate over 0.0m"2
Damping coefficdent 0.0
Indude drift ]
Skin friction coeffident 0.1
Height of net edge 0.0
Inner fluid mass scaling 1.0
Added mass indicator 0
Extra drag in front 0.0
Wave damping tangential to panels 0.0
Combined pressure from waves and current 0.0
Type of diffraction load MacCamy-Fuchs ﬂ
Diffraction scaling 1.0
El Thickness
Thickness ¥ 1.2566E-4m
Thickness Z 1.2566E-4m
Thickness 2.5133E-4m
E Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
= Sloshing
Table {none) ﬂ
Save Cancel

Figure34 ¢ Load properties, Closed compartment

Properties
Drag coefficient

Lift coefficient, peak value
Densityof fluid inside tank

Height of fluid level inside tank relative to

sea level

AquaSim 2.1

Description

Gives the form dratp the cylinder with respect to
the diameter of the cylindrically shaped net.

Gives the peak value for the pressure distribution.
If the bottom factor is 0.0 (e.qg., lice skirt), this

parameter isa dummy. In this case the internal
static pressure is set equal to the external pressur
If the bottom factor is 1.0, then this parameter is tt
density of the fluid inside the tank. The external
pressure is calculated based on the density of sall
water, 1025 kg/n?

0.0.

This parameter is a dummy if the bottom factor is

If the bottom factor is 1.0 then this value is the sta
water level of the fluid inside the tank, relative to
the outside water leel. Positive value means that
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the inside water level is higher than the outside
water level.
This * area top gives the extra volume.

Added mass coefficientheight Added mass coefficient for the membrane, normal
direction. Note that the unit is in [m], are
information about this ifAquastructures AS,
20219) E.g., if a tank has ha radius of 25mnd the
mass coefficiend p, then we have 25m of
added mass.

Hydrodynamic damping coefficient Added massoefficient vertical motion with respect
to 2D volume with the diameter at the given depth

Bottom factor, O if water flow through 1.0 means that the inner volume is separated fron

bottom the outer volume. 0.0 means that the inside and tt
outside fluidsare connected, which is the case for
lice skirts.

Area top that water can penetrate over This parameter is a dummy if the bottom factor is
0.0.

When a net, where the fluid on the inside is
separated from the fluid on the outside, is deforme
it will change volume. This area is then the area thi
fluid is assumed to be pushed through when net
volume is changed.

Damping coefficient Like added mass, damping from wave generation
can be introduced. This coefficient is multiplied wit
volume and velocity in theame way that the added
mass coefficient is multiplied with acceleration.

Include drift ¢2 AyOfdzZRS RNATFTO F2NDOS
under the Advanced tab in the Export dialog must
used.

This element is calculated with forces to the actua
water line, meaning that parts of drift forces are
included even if this is not checked.

Skin friction coefficient Drag along the membrane elements.

Height of net edge Height of inside net, if 0.0 infinite height is set. If
higher than 0.0 then théluid inside can splash over
the edge if it is compressed enough that it reache:
over this set height.

Inner fluid mass scaling Part of inner water mass inside tank to be used as
added mass in the analysis.

If this parameter is:

- 1, then 100% of the ema$ed water volume
vibrates as added mass,

- 0.2, then 20% of the enclosed water volum
vibrates as added mass,

- 0, then 0% of the enclosed water volume
vibrates as added mass,

- 1.2, then 120% of the enclosed water
volume vibrates as added mass.
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