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1. Introduction 
AquaSim is an analysis 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 large volume structures, flexible configurations and coupled systems exposed to environmental 

loads such as: 

- waves 

- currents 

- wind 

- impulse loads 

- operational conditions 

- resonance 

This manual describes the functionality of the post processing tool AquaEdit. 

1.1 The AquaSim software package 
The AquaSim package consists of several 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 AquaSim 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 analysis and interactions 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 forces, stresses, 

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

AquaSim is based on real-time simulations. This implies that AquaSim considers the nonlinear effects, 

such as geometrical changes in the componentΩǎ ŎǊƻǎǎ-section, to continuously maintain the correct 

relation between e.g. the applied forces and the resulting displacements.  

AquaSim considers hydroelasticity, handling the interactions and coupled dynamics between the 

external loads and the construction. Deformations and changes in the global structural geometry will 

imply changes in the load scenario applied to the construction. 

For more technical information about the AquaSim solver read the report in (Berstad A. J., The AquaSim 

package Theory user manual, 2021). 

1.1.3 AquaView 
The 3D results viewer, AquaView presents results from the solver graphically. For more information read 

the AquaView manual (Aquastructures 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 manual (Aquastructures AS, 2022e). 

1.1.5 Post-processing tools 
There are several post-processing tools included. These are covered in an own user manual which is 

available on request from the user (Aquastructures AS, 2022g). 

1.2 Terminology 
These terms appear throughout this document: 

 Definition 
Node Point in 3D space that describes end points of element.  
Element Object between two nodes (straight element) or four nodes (membrane element). 

The simulation process will treat each element as a discrete object, so for higher 
resolution results, add more elements. 

Beam A beam is a structural element that is capable of withstanding load primarily by 
resisting torsion and axial loads.  

Membrane Structural element used for nets 
Truss Structural element where forces in the members are either tensile or compressive 

forces. I.e. Ropes. 
Node2node Spring element going from one node to another. 
Component  A group of elements which is defined by the same material data. Components are 

defined either as beam, truss, membrane or node2node. 
Shape Shapes are predefined 3D models that can be imported and viewed as part of the 

main model but does not affect the simulation in any way. 
Terrain Terrain data can be imported from several sources. Point data type terrain data 

should be used. The terrain will be imported and optimized for viewing and usage. 
Decorator An attribute added to a node or an element, like pointloads, hinges, etc. 
Intent A function used in the main view; draw line, extrude, split line etc. 
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2. Interface 
2.1 Main view 

 

Figure 1 - The main application view 

A picture of the main view is shown in Figure 1. More detailed description of the view is described in the 

following chapters. 

2.2 Interacting with the 3D model 
Name Function 
Select Press left mouse button or hold down left mouse button for box select. 

Press ctrl and left mouse button to select more, or to de-select selected 
node/element. 
Hold ctrl and left mouse button add several nodes/elements to the selection. 
Hold shift to select only nodes when box selecting. 

Rotate Press and hold down middle mouse button. 
Pan Press and hold down right mouse button. 
Zoom Scroll with mouse wheel. Holding down CTRL at the same time as zooming will use 

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

Lock  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       

Translation and rotation of model       
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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 Toggles visibility of grid 
Axis Toggles visibility of axis 
Membranes Toggles visibility of membrane elements 
Shapes Toggles the visibility of shapes 
Crosssection Toggles the visibility of cross-sections on beams 
Normals Toggles the visibility of normals (the projections of point3) 
Snap Toggles whether commands are forced to snap to closest node. Snap modifier 

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

Export Opens the environment data and export to AquaSim window. 
Copy model See chapter Copy model. 

 

Tip! Right click on the toolbar to unlock/ lock the functions. By unlocking, the user 

may drag-and-drop the Tool-windows to the docking area or place it in the 3D view. 
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2.4 Intents 
Tool window for selecting the active intent. A more detailed description of the intents can be found in 

chapter 3. 

 

 

Tip! Right click in the blue area of the Tool-window for more options. 

 

2.5 Views 
The view window can be used to view the model from different perspectives. The shortcuts for these 

can be found under Commands > Views.  

 
Figure 3 - View window 

The default views are isometric, top-down, front and side. The second last button zooms to selected 

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 found under File . 

Pointer 
 

Draw line 
 

Draw rectangle 
 

Draw 
membrane 
rectangle 

 
Draw circle 

 
Draw tube 

 

Move 
 

Rotate 
 

Scale 
 

Duplicate 
 

Extrude 
 

Mirror 
 

Split line 
 

Intersect 
 

Merge lines 
 

Measure 
distance  

Measure angle 
 

Select quad(s) 
 

Draw 
membrane  

Select node(s) 
 

Select 
element(s)  

Select 
component  

Box select 
 

Rotate view 
 

Figure 2 - Intent tool window 
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Figure 4 - File window 

The options here are; New, Open and Save. 

2.7 Object properties 
This window will change accordingly to what is currently selected in the main window, examples below. 

    

Figure 5 - Component selected on the left, node selected on the right 

     

Figure 6 - One element selected on the left, two elements selected on the right 

Figure 5 and Figure 6 shows what this window may look 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 the current selected intent, the intents is shown in Figure 

2 and is discussed further in chapter 3. A couple examples is shown below. 



   

13 
AquaSim 2.17 

 

Figure 7 - 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 interested in. Each decorator has a popup window 

when the user right clicks on an item in the list. 

 

Figure 8 - Node decorators window with some decorators that are added to the model on the left, popup window on the right 

The checkbox in front of each decorator toggles visibility in the 3D view. 

By left 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 the decorator is drawn as. The 

default color is red. Note: This only works for decorators on nodes. 

The property window of the decorator can be activated by double clicking an item in the list or selecting 

ά9Řƛǘέ ƛƴ ǘƘŜ ǇƻǇǳǇ ǿƛƴŘƻǿΦ 

.ȅ ǎŜƭŜŎǘƛƴƎ ά{ŜƭŜŎǘ ƴƻŘŜǎκŜƭŜƳŜƴǘǎέ ƛƴ ǘƘŜ ǇƻǇǳǇ ǿƛƴŘƻǿ ǘƘŜ ǳǎŜǊ Ŏŀƴ ǎŜƭŜŎǘ ŀƭƭ ǘƘŜ ƴƻŘŜǎ ƻǊ ŜƭŜƳŜƴǘǎ 

that share the selected decorator. 

.ȅ ǎŜƭŜŎǘƛƴƎ ά5ŜŀŎǘƛǾŀǘŜέ ƛƴ ǘƘŜ ǇƻǇǳǇ ǿƛƴŘƻǿ ǘƘŜ ǳǎŜǊ Ŏŀƴ ŜȄŎƭǳŘŜ ǘƘŜ ŘŜŎƻǊŀǘƻǊ ŦǊƻƳ ŀƴ ŀƴŀƭȅǎƛǎΦ 

{ŜƭŜŎǘƛƴƎ ά5ŜƭŜǘŜέ ǊŜƳƻǾŜǎ ǘƘŜ ǎŜƭŜŎǘŜŘ ŘŜŎƻǊŀǘƻǊ from the model. 

2.10 History 
This window contains information of what the user has done while working on a model. An example can 

be seen in the picture below. 



   

14 
AquaSim 2.17 

 

Figure 9 - History window 

2.11 Log viewer 
This window contains information 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 user the Log viewer will 

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

 

Figure 10 - Log viewer after a rectangle has been drawn 

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

 

 

 

 

 

Figure 11 - POIs window 



   

15 
AquaSim 2.17 

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 DOF is added/edited in the window for 

node properties then the DOF list will be automatically updated. 

 

 

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, membrane, membrane_x, truss, node2node, 

shape, in that order), see Figure 13. 

The checkbox in front of each component 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 shown in cursive. It is possible to rearrange the 

component list by dragging and dropping one or several selected items.  

 

Figure 13 - The Components window on the left, popup window on the left 

Figure 13 shows an example of a components window. The popup window on the right is shown when a 

user clicks on the ῆ-button on the top-right corner of the window.  

Figure 12 - DOFs window 
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Figure 14 - Right click 
on a component 

New components can be added by clickƛƴƎ ǘƘŜ ōǳǘǘƻƴ άbŜǿ ŎƻƳǇƻƴŜƴǘέ, using the shortcut that can be 

found in Edit , or using the Library under Tools > Library . The user can drag and drop files from the 

Library window. If the user drags in one file over a component the user will get a question asking if the 

component should load this file into it, or 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 these files. 

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 up a list of options for the selected component, see Figure 14. 

Set name 

Sets the name of the component, keyboard shortcut F2. Name of component can 

also be changed in the property window for the component by selecting Edit. 

Type 

Sets the type of component; beam, membrane, membrane_x, truss and 

node2node. If the component contains properties a warning will be shown before 

changing the type (which removes all pre-existing properties). 

Visibility 

Toggles the visibility, equal to using the check marks in front of the components. 

¦ǎƛƴƎ ǘƘŜ ά{Ƙƻǿ ƻƴƭȅ ǘƘƛǎέ ƻǇǘƛƻƴ ǿƛƭƭ ǘǳǊƴ ǘƘŜ Ǿƛǎƛōƛƭƛǘȅ ƻŦ ǘƘŜ ŎƻƳǇƻƴŜƴǘ ƻƴΣ ǿƘƛƭŜ 

turning visibility of the other components off. 

ά{Ƙƻǿ ǎǘǊŜǎǎέ wil turn on/off stress coloring in AquaView when results are opened. 

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 all selected 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. 
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Add contact 

Adds a contact between two selected components.  

 

Figure 15 - Component contact 

Properties Description 
Distance Distance before center of node and center of element the contact 

starts. 
Stiffness Stiffness of contact. 
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 coefficient proportional to stiffness. 
Max initial distance Max initial distance where contact elements are introduced if larger 

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_x (explicit 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 chapter Library. 
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Edit 

Brings up the property window for the component, this is explained further in the coming chapters. 

Double-clicking on the component or pressing ENTER will also open the property window. 
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2.14.3  Beam 

Information 

The first panel of the property window, see Figure 17, specifies the name and the description of the 

beam, as well as whether the beam has Morison or hydrodynamic load model. For more information 

about Morison and hydrodynamic load models, see (Berstad A. J., The AquaSim package Theory user 

manual, 2021). 

/ƘƻƻǎƛƴƎ ƻƴŜ ƻŦ ǘƘŜ ƛǘŜƳǎ ƛƴ ǘƘŜ ŘǊƻǇŘƻǿƴ ƭƛǎǘ ǳƴŘŜǊ ά5ŀǘŀ ǎƻǳǊŎŜέ ǿƛƭƭ ŀǳǘƻ-generate cross-section 

values for the beam. This function calculates cross-section values for: Tube, hollow rectangular, massive 

rectangular, I/H-beam and double tube. All auto-generated values will be locked, to edit fields manually 

ŎƘƻƻǎŜ ά/ǳǎǘƻƳέ ƛƴ ǘƘŜ ŘǊƻǇŘƻǿƴ ƭƛǎǘ ŀŦǘŜǊ ƎŜƴŜǊŀǘƛƴƎ the cross-section. There is also a possibility to 

draw your own cross-section in a separate 2D drawing program that opens using the data source 

AquaCross. This is explained in detail in its own user manual (Aquastructures AS, 2022d). 

The visual cross-section can be transferred to the hydrodynamic cross-section by clicking the button 

ά/ƻǇȅ ǘƻ ƘȅŘǊƻŘȅƴŀƳƛŎέΦ  

The text area contains the points in the 2D cross-section. Each line represents one point, with the 

coordinate on the y-axis first and the coordinate on the z-axis second. For a cross-section that is 

symmetric around the z-axis, only half of the points are neededΣ ŜƴŀōƭƛƴƎ ά{ȅƳƳŜǘǊƛŎŀƭέ ǿƛƭƭ ŎƻǇȅ ǘƘŜ 

points on the right-hand side of the z-axis over to the left-hand side and create a symmetrical cross-

section.  

The cross-section can be visualized in the 3D-window with the cross-section applied along the beam 

elements local x-axis. AquaEdit follows the right-hand rule, see Figure 16. Direction a in the figure is the 

direction from node A to node B (local x-axis), direction a x b is the local z-axis (see chapter Point 3) and 

direction b is the local y-axis. This is important to remember when drawing a non-symmetrical cross-

section and when editing point3 of the element. 

The beam can have an asymmetric cross-section as well. This means 

that the cross-section at node A and node B is different and AquaEdit 

will interpolate between them to create an asymmetric cross-section. 

Figure 18 shows three beam elements with a square cross-section at 

node A and a straight-line cross-ǎŜŎǘƛƻƴ ŀǘ ƴƻŘŜ .Φ ¢ƘŜ ōǳǘǘƻƴ ά{ŎŀƭŜέ 

will take cross-section at node A and scale it and then apply it to node 

B. 

Figure 16 ς Right-hand rule 
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Figure 17 ς Information panel 

 

Figure 18 - Asymmetrical beam elements 
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Material/section properties 

 

Figure 19 - Material/section properties panel 

Properties Description 
E-modulus ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ. 
G-modulus Shear modulus. 
Area Cross sectional area. 
Iy Moment of area around local y-axis. 
Iz Moment of area around local z-axis. 
It Torsional stiffness. 
Volume Hydrodynamic: Maximum buoyancy per meter 

Morison: Amount of added mass. Also relates to the added mass 
of the component. 

Mass density Mass density of material. 
Weight in air Weight in air of element, per length. 
Weight in water ὡὩὭὫὬὸ Ὥὲ ύὥὸὩὶύὩὭὫὬὸ Ὥὲ ὥὭὶὦόώέὥὲὧώ έὪ ὩὰὩάὩὲὸ  (if 

element is in air, then input is weight in air). LŦ ά²ƛǘƘ ǎƭŀƳƳƛƴƎέ ƛǎ 
chosen under Time series (see chapter Time series) then Weight 
in water must have an input. 

Rayleigh damping (mass) Extra damping on acceleration on elements 
Rayleigh damping (stiffness) Extra damping on stiffness on elements. 
Mass radius Average radius the mass has with respect to local x-axis 
Pretension Inner tension in element (pre-strain). 

 

A more detailed description can be found in (Berstad A. J., The AquaSim package Theory user manual, 

2021).  
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Stress calculation 

 
Figure 20 - 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 found in (Berstad A. J., The AquaSim 

package Theory user manual, 2021).  
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Element loads 

For Morison load model: 

 
Figure 21 - Element loads panel, for Morison load model 

Properties Description 
Drag coefficient Y/Z Drag coefficient for local y- and z-axis. 
Added mass coefficient Cay/Caz Added mass coefficient for local y- and z-axis. 
Diameter for drag Y (depth) This will together with element length define drag area for 

element in local y-axis. 
Diameter for drag Z (width) This will together with element length define drag area in 

local z-axis. 
Wave generated damping 
coefficient 

In case element is in wave zone, additional damping can be 
included. Horizontal motion, Vertical motion, and Rotation. 

Slamming shape Shape of object going thought the water line. Default circle, 
but rectangular volume with height based on the drag height. 

Wave amplitude reduction 0 means full wave, 1 means no wave, 0.5 means half 
amplitude. 

Current amplitude reduction 0 means full current, 1 means no current, 0.5 means half 
current. 

Longitudinal drag coefficient Drag coefficient in local x-direction. 
Wind load See description below. 
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Wind load 

Wind load is activated/de-activated by clicking the checkbox. There are two alternatives to choose from 

in the drop-down list, type 1 and type 2. 

Type 1: 

Wind is added in local Y and Z directions on beams with the drag areas defined by min/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 

ŀ άŘǳƳƳȅ ōŜŀƳέ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ŦƻǊ ǘƘŜ άƳŀƛƴ ōŜŀƳέ. 

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 wind-affected area to get the 

correct wind force acting on the element. AquaSim takes into 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 y-axis, this is the height of the element. 

As some elements during the analysis tends to roll, or for some other reason the default y- and z-axis is 

changed, there would be a wind-affected area perpendicular to the local x-axis. For wind-affected 

elements, rolling, the Min/Max Z height describes the width of this element measured from the neutral 

axis of the element. See Figure 22 for illustration. 

The wind fetch area is then calculated from the element length, the differential in Max Z height and Min 

Z height along the elements local y-axis and the differential in Max Y height and Min Y height along the 

elements local z-axis. 
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Figure 22 - Wind load on an element 

Type 2: 

For type 2, wind forces are treated in the same way as drag loads from current. Force calculated is based 

ƻƴ ά5ƛŀƳŜǘŜǊ ŦƻǊ ŘǊŀƎέ ŀƴŘ ά5ǊŀƎ ŎƻŜŦŦƛŎƛŜƴǘέ ǳƴŘŜǊ ǘƘŜ ǘŀō ά5ǊŀƎ [ƻŀŘǎέΦ LƴǎǘŜŀŘ ƻŦ ǳǎƛƴƎ current-

speed and density of water, wind-speed and density of air is used. Type 2 takes into consideration the Z 

position of the element. The wind profile is calculated according NORSOK N003, more information about 

this is found in (Berstad A. J., The AquaSim package Theory user manual, 2021). 
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For Hydrodynamic load model: 

 

Figure 23 - Element loads panel, for Hydrodynamic load model 

Properties Description 
Hydrodynamic length coeff. Length of flotation on element (e.g. pontoons) divided by total 

length of element. Between 0 and 1. 
Neutral axis Z Vertical space between element and the elements cross-sectional 

centre. 
Waterline Z For adjusting the waterline level on the hydrodynamic profile. 

Positive level means more buoyancy. In addition, a blue line on the 
cross-section view indicates where the adjusted waterline is. 

Mass centre Z Vertical space between element and mass centre of the cross-
section. 

Viscous roll damping coeff. Damping coefficient for roll motion on beam. 
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Wave amplitude reduction 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.  

Current reduction Reduction of current 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. 

Longitudinal drag coefficient Drag coefficient in local x-axis. 
 

A more detailed description of hydrodynamic loads can be found in (Berstad A. J., The AquaSim package 

Theory user manual, 2021). 

The Scale button with create an asymmetric cross-section where the cross-section on the B side will be 

the A cross-section scaled by this factor. 

The Move button translates the cross-section 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 dialog are z displacement, y 

displacement. 

Advanced 

For Morison load model: 

 

Figure 24 - Advanced panel, for Morison load model 
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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 

ά²ƛǘƘ ǎƭŀƳƳƛƴƎέ ǳƴŘŜǊ ǘƘŜ !ŘǾŀƴŎŜŘ ǘŀō ƛƴ ǘƘŜ 9ȄǇƻǊǘ ŘƛŀƭƻƎΦ ¢Ƙƛǎ ŦŀŎǘƻǊ ƛǎ ǘƘŜ ǎƛȊŜ ƻŦ the non-filled 

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 degrees angle of incident 

flow) is along the local z-axis.  
1: The lift direction is in accordance with a normed space. 
-1: The inverse. 
-2: The rotation direction is opposite, but not the defined lift direction. 
-3: The lift direction is defined opposite, 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 in-flow and the local z-axis of the beam. If angle is 0, the 
local z-axis defines the 0-angle flow direction to the beam in the cross-flow 
plane. It is recommended to use angle 0 and direct the local z-axis to be in 
accordance with this. This is to avoid any miss on positive/negative angle. 

 

To define the lift for different 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 cross-flow plane relative to the local z-axis. 
Cd Drag coefficient in the flow direction. 
Lift coefficient Lift coefficient. Factor for force 90 degrees to the flow direction in the cross-

flow plane. 
Yaw coefficient Coefficient for rotation around the beam of the lift object. 
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For Hydrodynamic load model: 

 

Figure 25 - Advanced panel, for Hydrodynamic load model 

Properties Description 
Non linear data See chapter Node2Node spring. 
Horizontal component of hydrodynamic forces 
only 

Only horizontal components of the hydrostatic 
and hydrodynamic forces are accounted for. I.e. 
drift and drag forces. Meaning that the 
hydrostatic forces and vertical hydrodynamic 
forces are set to 0. 

Drift Toggle on to include calculation of wave drift 
forces. Wave drift forces are calculated by the 
default AquaSim methodology. 
 
Amount of drift applied: wave drift forces are 
reduced manually by reducing the amplitude of 
the incident wave. 1% corresponds to 1% of the 
incident wave, 50% corresponds to 50% of the 
incident wave, and so on. 
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2.14.4  Membrane 

Information 

 

Figure 26 - Information panel 

The first panel of the property window, see Figure 26, specifies 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 Shell. Based on what is chosen, the tab 

άaŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘƛŜǎέ ǿƛƭƭ ǎƘƻǿ ǘƘŜ ƛƴǇǳǘ ƴŜŜŘŜŘ ŦƻǊ ǎŀƛŘ ǘȅǇŜΦ LŦ ǘȅǇŜ άbƻǊƳŀƭ ǿƛǘƘ ōŜƴŘƛƴƎ ǎǘƛŦŦƴŜǎǎέ ƛǎ 

ŎƘƻǎŜƴΣ ǘƘŜƴ ŀ ǘŀō ƴŀƳŜŘ ά.ŜƴŘƛƴƎ ǎǘƛŦŦƴŜǎǎέ ǿƛƭƭ ŀǇǇŜŀǊ ǿƛǘƘ ǘƘŜ ƛƴǇǳǘ ƴŜŜŘŜŘΦ 

There are 6 Load formulations that can be used: Normal, General impermeable net, Morison free plate, 

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

ǘŀō άaŀǘŜǊƛŀƭ ǇǊƻǇŜǊǘƛŜǎέ ǿƛƭƭ ǎƘƻǿ ǘƘŜ ƛƴǇǳǘ ƴŜŜŘŜŘ ŦƻǊ ǘƘŜ [ƻŀŘ ŦƻǊƳǳƭŀǘƛƻƴ ƛƴ ǉǳŜǎǘƛƻƴΦ CƻǊ 

membrane type Shell, the Load formulations General impermeable net and Morison free plate is 

available. 
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Material properties 

 

Figure 27 - Material properties, normal 

Figure 27 shows the input for types Normal and Normal with bending stiffness.  

Properties Description 
E-module ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎΦ 
Thread diameter Diameter of the thread. 
Area Cross-sectional area of the thread. 
Mass density Mass density for the thread. 
Relative density in water Relative weight in water. Density of material subtracted density of 

salt water (1025 kg/m3 
No compression forces Forces in the net twines will be 0 if compressed. 
Pretension Y Elongation divided by length for threads in local z-direction. 
Pretension Z Elongation divided by length for threads in local y-direction. 
Growth coefficient Parameter to account for increased diameter of twines from fouling. 
Maskwidth Y The distance between the threads in horizontal direction. 
Maskwidth Z The distance between the threads in vertical direction. 
Solidity The solidity of the net. 
Solidity incl growth The solidity of the net, included fouling. 
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Volume Tick the Volume checkbox to perform volume calculations in 
AquaView. Choose if the net is open or closed in the upper or lower 
part. 

Rayleigh damping stiffness See Material/section properties for beam. 
Rayleigh damping mass See Material/section properties for beam 

 

 

Figure 28 - Material properties, Shell 

Figure 28 shows the input for type Shell. 

Properties Description 
Thickness Thickness of the plate 
Poisson Poisson modulus 
Added thickness coefficient Coefficient to increase/decrease thickness, used for finding volume 

for the Froude Kriloff part of force in Morison. 
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Load properties 

 

Figure 29 - Load properties, Normal and Normal with bending stiffness 

Figure 29 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 on tƘŜ ŜƭŜƳŜƴǘΩǎ Ǌƻǘŀǘƛƻƴ 

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

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

Wave amplitude reduction Between 0 and 1, 0 is full wave and 1 is no wave. E.g. 0.5 means half 
wave amplitude. 

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

Extra drag normal direction 
threads 

CŀŎǘƻǊ ǘƘŀǘ ŀŘŘǎ ŘǊŀƎ ƭƻŀŘ ƻƴ ǘƘǊŜŀŘǎ ǘƘŀǘ ŀǊŜ ƭƻŎŀǘŜŘ άƻƴ ǘƘŜ 
ǿƘŜŜƭέ ƛƴ ƴƻǊƳŀƭ ŘƛǊŜŎǘƛƻƴΦ 

Extra drag tangential 
direction 

Factor that adds drag load on threads that are ƭƻŎŀǘŜŘ άƻƴ ǘƘŜ 
ǿƘŜŜƭέ ƛƴ ǘŀƴƎŜƴǘƛŀƭ ŘƛǊŜŎǘƛƻƴΦ 

 

 

 



   

34 
AquaSim 2.17 

 

Figure 30 - Load properties, General impermeable net 

Properties Description 
Drag coefficient Gives the form drag to the cylinder with respect to 

the diameter of the cylindrically shaped net. 
Lift coefficient, peak value Gives the peak value for the pressure distribution. 
Density of fluid inside tank If the bottom factor is 0.0 (e.g., lice skirt), this 

parameter is a dummy. In this case the internal 
static pressure is set equal to the external pressure. 
If the bottom factor is 1.0, then this parameter is the 
density of the fluid inside the tank. The external 
pressure is calculated based on the density of salt 
water, 1025 kg/m3 

Height of fluid level inside tank relative to 
sea level 

This parameter is a dummy if the bottom factor is 
0.0. 
If the bottom factor is 1.0 then this value is the static 
water level of the fluid inside the tank, relative 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 2D volume with the diameter at the given 
depth. 

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

Bottom factor, 0 if water flow through 
bottom 

1.0 means that the inner volume is separated from 
the outer volume. 0.0 means that the inside and the 
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 net, where the fluid on the inside is 
separated from the fluid on the outside, is deformed 
it will change volume. This area is then the area the 
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 with 
volume and velocity in the same way that the added 
mass coefficient is multiplied with acceleration. 

Include drift ¢ƻ ƛƴŎƭǳŘŜ ŘǊƛŦǘ ŦƻǊŎŜǎ ǘƻ ǘƘŜ ƭƻŀŘǎΣ ά²ƛǘƘ ǎƭŀƳƳƛƴƎέ 
under the Advanced tab in the Export dialog must be 
used.  
This element is calculated with 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. 
Height of net edge Height of inside net, if 0.0 infinite height is set. If 

higher than 0.0 then the fluid inside can splash over 
the edge if it is compressed enough that it reaches 
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 volume 
vibrates as added mass, 

- 0.2, then 20% of the enclosed water volume 
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. 

More information is found in (Berstad 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 rotational 
DOFs).  The mean free surface is the surface at the 
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 the actual water line 
during the simulation. This option can be suitable for 
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 to 

the plane on the panel element, but in real life the 
panel may consist of some curvature meaning that a 
tangential part can be introduced. 

Combined pressure from waves and currents The way current and wave loads are combined for 
calculating pressure from current. 
л ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ άǊŀǿέ ǾŜƭƻŎƛǘȅ ŀǘ ŜŀŎƘ ŜƭŜƳŜƴǘ ƛǎ 
used as basis such that the pressure is found from 
the pressure coefficient multiplied with relative 
velocity at the element. 1 means that the relative 
velocity is averaged over the elements at similar 
vertical location. In between means that the effects 
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.  
MacCamy-Fuchs: Diffraction loads are calculated 
from the MacCamy-Fuchs theory, and the added 
mass and hydrodynamic damping factors are related 
to the volume of the tank. 
Numerical diffraction: Diffraction loads are based on 
ƴǳƳŜǊƛŎŀƭ ŎŀƭŎǳƭŀǘƛƻƴόάsink-ǎƻǳǊŎŜέύΦ !ŘŘŜŘ Ƴŀǎs 
and damping coefficients are in this case scaling the 
added mass which also is found from the numerical 
diffraction theory. 
Hybrid flexible tarp/numerical diffraction: 
Combination of the Flexible tarp- and Numerical 
diffraction-load formulations. Added mass and 
damping is calculated using the Numerical 
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diffraction-theory. The user weights the methods 
ǘƘǊƻǳƎƘ ǘƘŜ ά5ƛŦŦǊŀŎǘƛƻƴ ǎŎŀƭƛƴƎέ ƻǇǘƛƻƴΦ 
Hybrid flexible tarp/MacCamy-Fuchs: Combination 
of the Flexible tarp- and MacCamy-Fuchs load 
formulations. Added mass and damping is calculated 
using the MacCamy-Fuchs-theory. The user weights 
ǘƘŜ ƳŜǘƘƻŘǎ ǘƘǊƻǳƎƘ ǘƘŜ ά5ƛŦŦǊŀŎǘƛƻƴ ǎŎŀƭƛƴƎέ 
option. 

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

Vacuum surface suction Vacuum between membrane and water line. For 
cases where membrane moves above water. 
- Ticked on, means activating vacuum. Negative 
pressure between membrane and water line is 
allowed. 
- Ticked off, means no vacuum. 

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

Thickness Z Thickness of twines in Z direction. 
Membrane thickness The total thickness, Y and Z direction added up. 
Sloshing Edit/Add a sloshing table to the net. 
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Figure 31 ς Sloshing 

Properties Description 
Type Type of angles connected to the wave phase and 

direction: choose between radians or degrees. 
n The n-th sloshing wave. Each row represent a 

regular sloshing wave. 
Amplitude Amplitude of sloshing wave. 
Phase Wave phase in time relative to Sinus time.  

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

Direction Wave direction relative to x-axis. 
Tank width Effective tank width. 
Tank depth Effective tank depth. 
Period Period of the sloshing wave [s]. Auto-calculated 

based on wave amplitude, tank width and tank 
depth. 

 

For a more detailed description of membrane parameters and its theory, see the report (Berstad A. J., 

The AquaSim package Theory user manual, 2021).  
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Figure 32 ς Load properties, Morison free plate 

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

Properties Description 
Drag coefficient Drag coefficient on membrane, normal direction. 
Lift coefficient Coefficient for force on membrane, tangential 

direction. 
Added mass coefficient / height Added mass coefficient for the membrane, normal 

direction. Note that the unit is in [m], more 
information about this in (Aquastructures AS, 
2021g). 

Hydrodynamic damping coefficient Hydrodynamic damping is calculated along with the 
added mass. This parameter scales the calculated 
damping. If 1.0 all the calculated damping is 
included. If 0, nothing of the calculated damping is 
included. 

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

Added mass and damping Two options are available here: 
- Automatic: added mass and damping forces 

are calculated automatically by numerical 
method. 

- Manual: added mass and damping force are 
calculated manually based on the Added 
mass coefficient. The 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. 

Wave amplitude reduction Reduction of wave amplitude on element, due to 
e.g., shadow effects. Input is a number between 0.0 
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and 1.0. 0 correspond to 0% reduction, 1.0 
correspond to 100% reduction 

Current reduction Reduction of current due to e.g., shadow effects. 
Input is a number between 0.0 and 1.0. 0 
correspond to 0% reduction, 1.0 correspond to 100% 
reduction. 

 

 

Figure 33 ς Load properties, Lice skirt 

Properties Description 
Drag coefficient Gives the form drag to the cylinder with respect to 

the diameter of the cylindrically shaped net. 
Lift coefficient, peak value Gives the peak value for the pressure distribution. 
Added mass coefficient Added mass coefficient horizontal motion with 

respect to 2D volume with the diameter at the given 
depth. 

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

Damping coefficient Like added mass, damping from wave generation 
can be introduced. This coefficient is multiplied with 
volume and velocity in the same way that the added 
mass coefficient is multiplied with acceleration. 
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Include drift ¢ƻ ƛƴŎƭǳŘŜ ŘǊƛŦǘ ŦƻǊŎŜǎ ǘƻ ǘƘŜ ƭƻŀŘǎΣ ά²ƛǘƘ ǎƭŀƳƳƛƴƎέ 
under the Advanced tab in the Export dialog must be 
used.  
This element is calculated with 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 volume 
vibrates as added mass, 

- 0.2, then 20% of the enclosed water volume 
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. 

More information is found in (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 rotational 
DOFs).  The mean free surface is the surface at the 
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 the actual water line 
during the simulation. This option can be suitable for 
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 to 

the plane on the panel element, but in real life the 
panel may consist of some curvature meaning that a 
tangential part can be introduced. 

Combined pressure from waves and currents The way current and wave loads are combined for 
calculating pressure from current. 
л ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ άǊŀǿέ ǾŜƭƻŎƛǘȅ ŀǘ ŜŀŎƘ ŜƭŜƳŜƴǘ ƛǎ 
used as basis such that the pressure is found from 
the pressure coefficient multiplied with relative 
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 effects 
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.  
MacCamy-Fuchs: Diffraction loads are calculated 
from the MacCamy-Fuchs theory, and the added 
mass and hydrodynamic damping factors are related 
to the volume of the tank. 
Numerical diffraction: Diffraction loads are based on 
ƴǳƳŜǊƛŎŀƭ ŎŀƭŎǳƭŀǘƛƻƴόάǎƛƴƪ-ǎƻǳǊŎŜέύΦ !ŘŘŜŘ Ƴŀǎǎ 
and damping coefficients are in this case scaling the 
added mass which also is found from the numerical 
diffraction theory. 
Hybrid flexible tarp/numerical diffraction: 
Combination of the Flexible tarp- and Numerical 
diffraction-load formulations. Added mass and 
damping is calculated using the Numerical 
diffraction-theory. The user weights the methods 
ǘƘǊƻǳƎƘ ǘƘŜ ά5ƛŦŦǊŀŎǘƛƻƴ ǎŎŀƭƛƴƎέ ƻǇǘƛƻƴΦ 
Hybrid flexible tarp/MacCamy-Fuchs: Combination 
of the Flexible tarp- and MacCamy-Fuchs load 
formulations. Added mass and damping is calculated 
using the MacCamy-Fuchs-theory. The user weights 
ǘƘŜ ƳŜǘƘƻŘǎ ǘƘǊƻǳƎƘ ǘƘŜ ά5ƛŦŦǊŀŎǘƛƻƴ ǎŎŀƭƛƴƎέ 
option. 

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

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

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

information in Figure 31 and succeeding table after 
the mentioned figure. 
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Figure 34 ς Load properties, Closed compartment 

 

Properties Description 
Drag coefficient Gives the form drag to the cylinder with respect to 

the diameter of the cylindrically shaped net. 
Lift coefficient, peak value Gives the peak value for the pressure distribution. 
Density of fluid inside tank If the bottom factor is 0.0 (e.g., lice skirt), this 

parameter is a dummy. In this case the internal 
static pressure is set equal to the external pressure. 
If the bottom factor is 1.0, then this parameter is the 
density of the fluid inside the tank. The external 
pressure is calculated based on the density of salt 
water, 1025 kg/m3 

Height of fluid level inside tank relative to 
sea level 

This parameter is a dummy if the bottom factor is 
0.0. 
If the bottom factor is 1.0 then this value is the static 
water level of the fluid inside the tank, relative 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 / height Added mass coefficient for the membrane, normal 
direction. Note that the unit is in [m], more 
information about this in (Aquastructures AS, 
2021g). E.g., if a tank has ha radius of 25m, and the 
mass coefficient ὅ ρ, then we have 25m of 
added mass. 

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

Bottom factor, 0 if water flow through 
bottom 

1.0 means that the inner volume is separated from 
the outer volume. 0.0 means that the inside and the 
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 net, where the fluid on the inside is 
separated from the fluid on the outside, is deformed 
it will change volume. This area is then the area the 
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 with 
volume and velocity in the same way that the added 
mass coefficient is multiplied with acceleration. 

Include drift ¢ƻ ƛƴŎƭǳŘŜ ŘǊƛŦǘ ŦƻǊŎŜǎ ǘƻ ǘƘŜ ƭƻŀŘǎΣ ά²ƛǘƘ ǎƭŀƳƳƛƴƎέ 
under the Advanced tab in the Export dialog must be 
used.  
This element is calculated with 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. 
Height of net edge Height of inside net, if 0.0 infinite height is set. If 

higher than 0.0 then the fluid inside can splash over 
the edge if it is compressed enough that it reaches 
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 volume 
vibrates as added mass, 

- 0.2, then 20% of the enclosed water volume 
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. 












































































































































































































