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1 INTRODUCTION  
AquaSim is an analysis tool developed by Aquastructures AS. It utilizes 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 AquaSim analysis tool and the theory for the main use. For more 

detailed understanding, this report should be complemented with papers and technical reports 

regarding the specific area of concern. 

1.1 Terminology 
Throughout this manual, certain terms appear. These are defined as: 

Term 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. 

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 and tarps.  

Truss Structural element where forces in the members are either tensile or compressive 

forces. I.e. ropes.  

Component A group of elements which is defined by the same material data. Components are 

defined either as beam, truss, membrane or node2node. 

E-modulus Youngôs modulus, or the modulus of elasticity (force per unit area). 

Incident wave Wave(s) propagating towards an object. 

Conservation 

of momentum 

Newtonôs second law. 

Cross-flow 

principle 

The fluid velocity relative to an object is split into its components normal and 

parallel to the objectôs axis.  

Dummy A variable, or categorical effect, that is not taken into account in the AquaSim 

analysis. 
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2 THE AQUASIM PACKAGE IN BRIEF  
The software consists of a preprocessor (AquaEdit), a solver, and postprocessors (AquaView, 

AquaTool, and other tools). For practical use of these, reference is made to their respective 

user manuals.  

AquaSim handles global analysis and interactions of forces transmitted between stiff and 

flexible components. Displacements, accelerations, velocities, and deformations in the 

structure is calculated. The results are presented in the form of e.g. local section forces, 

stresses, and stress ranges in each system component, applicable for further local analysis and 

fatigue assessments. AquaSim accounts for hydro-elasticity, to handle the coupled dynamics 

between the external loads and the construction. This means the program handles calculation 

of response in structures or systems where the loads acting on the structure depends on 

structural deformations.  

2.1 AquaEdit  
In the preprocessor AquaEdit, a geometrical model is established through a graphical 

interface. Structural and hydrodynamical properties are defined and added to the model. 

2.2 AquaSim solver 
The prepared analysis model in AquaEdit, is computed by the AquaSim solver. The solver 

calculates forces and moments from the given geometry, properties, and environmental loads. 

The solver is based on time domain simulation of structural response in coupled systems.  

2.3 AquaView 
The postprocessor AquaView, presents results from the solver graphically in 3D.  

2.4 AquaTool 
The postprocessor AquaTool, presents results from the solver in tables and diagrams. 

2.5 Other postprocessing tools 
Other postprocessing tools are also included. These are suitable for handling large result files, 

and are called PostProcFilter (ppfilter), PostProcReduce (ppreduce) and Surface Extractor 

(ppsurface).   
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2.6 AquaSim system files 
The AquaSim package is typically installed at C:\Program Files\Aquastructures\AquaSim. 

The solver can either be started through AquaEdit, or it can be run in batch. Upon start and 

finish of an analysis, several files are generated. These are described in Table 1. 

Table 1 Files generated from AquaEdit and the solver. Assumed a base filename called óp1ô. 

File File name Description 

Batch file p1.bat Batch file. ASCII format. Double click for running 

analysis. The bat file consists of a set of commands 

easily editable. 

XML file  p1.xml XML file. ASCII format. This file holds graphic 

information and other key data.  

Result file p101.avs Result file generated by the solver during execution 

of analysis. This file holds results in ASCII format. 

Result file p101.avz Result file generated by the solver after completion 

of analysis. This file is a compressed version of the 

avs file.  

Input file  p101.txt Input file in ASCII format. Holds information about 

the model and analysis setup. Generated from 

AquaEdit upon export.  

XML file  p101.xml XML file. ASCII format. This file holds graphic and 

other key data for activated components from 

AquaEdit. This is the file used for the analysis of the 

p101.txt input file.  

p101-all.xml XML file. ASCII format. This file is similar as for 

.xml, but includes graphics and key data for all 

components from AquaEdit ï activated and 

deactivated components.  

Result convergence 

file 

p101conv.txt Holds information about the analysis status 

concerning number of iterations used to achieve 

convergence for the analysis of the p101.txt input 

file.  

Result file key data p101key.txt Contains a set of key data of the analysis model. This 

may be used for self-validation of input. Also holds 

information about license and user kay data. 

Result file p101PFAT.avs Result file generated by the solver upon completion 

of analysis. This file holds key data and max result 

values of the p101.avs file. ASCII format. 

Result file p101PFAT.avz Result file generated by the solver upon completion 

of analysis. This file is a compressed version of the 

avs file. 

Result file 

validation data 

p101val.txt This file holds a set of key data from the analysis. 

This may be used for self-validtation of input. Some 

basic data is given in the p101key.txt file, the 

p101val.txt contains additional key data. 

Result file p101hydro.txt Result file containing key data of hydrostatic data of 

the analysis model. ASCII format.  

Result ID file p101-elements.txt Holds information about elements given custom ID-

names in AquaEdit. 

Result ID file p101-nodes.txt Holds information about nodes given custom ID-

names in AquaEdit. 
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2.7 The <filename>key.txt 
The output file, <filename>key.txt contain information about license, weight and buoyancy 

data for each component in the analysis model. An excerpt of this file is shown in Figure 1, 

presenting weight and buoyancy data for a range of components. 

 

Figure 1 Excerpt from <filename>key.txt output file 

The data includes: 

- In water weight: submerged weight of component. In air weight-In water buoyancy 

[N]. 

- In air weight: weight of component in air [N]. 

- In water buoyancy: weight of displaced water if the component is submerged [N].  

Note (1). 

- Total length: total length of the component. In case of net, this is the total length of 

twines [m]. 

 

 

 

 

 

 

 

 

 

Note (1) 

If ñWater volume correctionò is set to ñWith slammingò in AquaEdit, the input data should be given 

as if the component is below the water line. AquaSim adjusts the buoyancy if the component is 

above the water line (this is not applicable for membranes). If the ñWater volume correctionò is set 

to ñNoneò or ñNormalò, the user must input the correct buoyancy. AquaSim do not make any 

adjustments in these cases. Hence, applying ñWith slammingò is a more advanced option. 
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2.8 The <filename>val.txt 
The objective of this file is for self-validation of input data such as area, moment of inertia, 

mass and added mass. Added mass is printed for components where the ñHydrodynamicò load 

formulation is applied. 

2.9 The <filename>conv.txt 
The <filename>conv.txt file provides information about status and convergence data during 

execution of analysis. Figure 2 shows an excerpt from the file.  

 

Figure 2 <filename>conv.txt 

The last three numbers of each step have the following meaning: 

1. The difference between the norm in the current iteration and the previous iteration. 

2. The norm in the current iteration. 

3. The norm in the current iteration divided by the degrees of freedom of the full 

analysis.  

For more information about convergence, reference is made to chapter 10.7. 
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3 FINITE ELEMENT ANALYSIS OF NONLINEAR SYSTEMS  
The finite element method divides a structure into a finite number of elements. Finite element 

(FE) analysis is used to establish static or hydrodynamic equilibrium at a given time instant 

for each individual element and the whole system. To obtain equilibrium, the internal forces 

in an element must be equal to the external forces.  

3.1 Fundamentals of FE analysis 
In this chapter, a truss element is used as example for illustrating the fundamentals of finite 

element method. Figure 3 shows a truss element as a line between two nodes: node A and 

node B. The internal forces acting in the truss depends on the relative distance between the 

two nodes. 

 

Figure 3 Truss element 

Figure 4 depicts a truss element with node A fixed and the other one subjected to a force. The 

truss element will deform in a distance ȹl. Hookeôs law is a principle of physics that states 

that the force F needed to extend, or compress, a spring by the distance ȹl is proportional to 

that distance. That is: 

Ὂ ὯϽЎὰ 

Equation 1 Hookeôs law 

where k is the stiffness of the spring. The equation holds for linear-elastic or Hookean 

materials.  

 

Figure 4 Hookeôs law for an element 

For typical metallic materials, Hookeôs law is valid up to a proportional limit, as seen in 

Figure 5. 
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Figure 5 A typical stress-strain curve for a ductile metal 

For further details on the FE method, see e.g. (Wikipedia, 2020a), (Bell, 1987), (Bergan & 

Felippa, 1985). For dynamic analysis, see (Bergan, Larsen, & Mollestad, 1982), (Langen & 

Sigbjörnsson, 1979). 

3.2 Static analysis 
In static analysis, inertia and damping forces are not accounted for. Equilibrium between 

external forces (Rext) and internal forces (Rint) yields: 

ɫἐ  ἠ   ἠ π 

Equation 2 

Where Rext is the external static forces acting on the structure at a given time instant, and Rint 

is the internal forces. In the equations bold letters indicate matrices. In the FE method, the 

structure is discretized in a finite number of degrees of freedom (DOFôs). Equation 2 is 

discretized into: 

ἐ  ἠ  ἠ πȟ    ÉÄÏÆρȟ.  

Equation 3 

where Ndof is the discrete number of DOFôs the structure has been discretized into. AquaSim 

deals with strongly nonlinear behavior, both in loads and structural response. To establish 

equilibrium in such systems, the tangential stiffness method is used. External loads are 

incremented to find the state of equilibrium. Having established equilibrium in timestep i-1, 

the condition for step i is predicted as: 

ɝἠ Ò  ἠ Ἲ  ἠ Ἲ  ἕ ɝἺ 

Equation 4 
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where ἕ  is the tangential stiffness matrix. The external loads are calculated based on the 

configuration of the structure at i-1. This gives a prediction for a new set of displacements. 

Based on Equation 4 a prediction for the total displacement Ἲ, is found as: 

ἺӶ  Ἲ  ɝἺ 

Equation 5 

where j is the index used for the iterations. The bar on top of the letter Ἲ indicates that it is a 

prediction. Based on the predicted displacement from Equation 5, forces are found and the 

residual forces is put into the equation of equilibrium as follows: 

ɝἠἺӶ  ἠ ἺӶ  ἠ ἺӶ  ἕɝἺ 

Equation 6 

Equation 6 is solved with respect to the displacement ɝἺ. Incrementing j with one, the total 

displacement is now updated as: 

ἺӶ  ἺӶ  ɝἺ 

Equation 7 

and Equation 7 is solved based on the new prediction for displacements. This is repeated until 

ɝἺ is smaller than a tolerated error, then: 

Ἲ  ἺӶ 

Equation 8 

Meaning that the prediction is considered good enough since the error is below the error 

threshold. When the tolerated error is reached, i is increased with one, and Equation 4 is 

carried out for a new load increment. Note (2). 

 

 

 

 

 

 

Note (2) 

It is also possible to carry out a static analysis for time dependent loads (for example wave loads). 

Then static equilibrium is established for the structure, neglecting structural velocity and 

accelerations. Alternatively, a dynamic analysis may be carried out. Note that the above equations 

are valid for translational motions. Euler angles cannot be used directly to handle large and time 

varying rotations. Therefore, AquaSim uses a tensor formulation for the rotations as outlined in e.g. 

(Eggen, 2000) and (Haugen, 1994). Using tensors, the vectors above are in fact matrices for 

rotational DOFôs. 
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3.3 Dynamic analysis 
Dynamic analysis estimates the response of systems in waves, where hydrodynamic forces are 

of importance (structural mass, added mass, damping, damping related forces). In general, 

Morison forces are relevant (Morison, Johnson, & Schaaf, 1950). The Morison load varies 

with the relative velocity between water and structure. The same algorithm used for the static 

load calculation is applied for the dynamic analysis, only in this case mas and damping forces 

are accounted for. The basic equation that needs to be solved is: 

ɫἐ  ἠ   ἠ   ἠ  ἠ π 

Equation 9 

where ἠ  and ἠ  are forces originated from the structural mass and damping 

properties, respectively. In general, all the components in Equation 9 may depend on ὶȟὶ and 

ὶ. Where ὶ is the displacement, ὶ is the velocity of the structure, and ὶ is the acceleration of 

the structure. However, in the present case not all components are dependent on all of ὶȟὶ and 

ὶ: 

ɫἐ  ἠ ÒȟÒ   ἠ Ò  ἠ ÒȟÒ  ἠ Ò π 

Equation 10 

The Newmark method (Newmark, 1959) is used for time integration in the dynamic analysis, 

the following constants are established:  

ὥ


Ὤ
 ȟ   ὥ

ρ

Ὤ
  ȟ    ὥ

ρ

Ὤ
  ȟ    ὥ

ρ

ς
ρ ȟ     ὥ




 ȟ    ὥ



ς
ρὬ ȟ     

ὥ ὥ ρ ȟ    ὥ ρ Ὤ ȟ     ὥ  Ὤ 

Equation 11 

where  and  are parameters in the Newmark methods,  πȢυ and  πȢςυ corresponds to 

the method of constant mean acceleration, see (Langen & Sigbjörnsson, 1979) pp. 258-259 

for details and a schematic overview. Ὤ is the time increment ɝὸ. Consider a time step i. The 

solution for time step i-1 is known. Our objective is to obtain equilibrium at this particular 

time step. A tangential stiffness matrix is established based on the structureôs actual geometry 

at this particular time step, similar to Equation 4. An effective stiffness matrix is established: 

ἕ  ἕ  ÁἍ  ÁἙ 

Equation 12 

and an effective load vector is established: 

ɝἠ  ἠ Ἲ ȟἺ  ἠ  ἠ ἍÂ ἙÁ 

Equation 13 

where  

Ἡ  ÁἺ  ÁἺ  

Equation 14 
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and 

Ἢ  ÁἺ  ÁἺ  

Equation 15 

Then solve with respect to displacements ɝἺ: 

ɝἠ  ἕ  ɝἺ 

Equation 16 

A prediction for the displacements ɝἺ has been established, it is now iterated until dynamic 

equilibrium is achieved. Now: 

ЎἺ  ЎἺ 

Ἤ  ÁἺ  ÁἺ  

Equation 17 

The following approximations for ὶȟὶ and ὶ are established: 

Ἲ  Á  ЎἺ  Ἡ 

Ἲ  Á  ЎἺ  Ἤ 

Ἲ  Ἲ   ЎἺ 

Equation 18 

where Ὧ is iteration no. Ὧ. Based on these approximations for ὶȟὶ and ὶ, the force imbalance 

is found as: 

Ўἠ  ἠ Ἲ ȟ Ἲ  ἠ  ἠ  Ἑ Ἲ 

Equation 19 

The force imbalance is introduced to Equation 16: 

Ўἠ  ἕ  ЎἺ 

Equation 20 

and a new set of approximations for ὶȟὶ and ὶ are established: 

ЎἺ  ЎἺ  ЎἺ 

Equation 21 
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At each iteration, a convergence test is carried out. If the test is not satisfied, the Ὧ is 

incremented and Equation 21 is run for another iteration. If the convergence criterion is 

satisfied, then a new set of ὶȟὶ and ὶ is established as: 

Ἲ  ÁЎἺ  Ἡ 

Ἲ  Ἲ   ÁἺ  ÁἺ 

Ἲ  Ἲ  ЎἺ 

Equation 22 

Load and stiffness properties of the elements depend on the structural geometry configuration. 

Both load and stiffness vary strongly from time step to time step, depending on the 

configuration of the structure at the give time step.  
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4 ELEMENT PROPERTIES, LOAD AND RESPONSE: TRUSS 

AND BEAM  
The basic properties of elements in AquaSim are linear-elastic as described in chapter 3.1. For 

information about nonlinear relation between forces and response in elements, see chapter 8. 

This chapter describes the properties, load and response for truss and beam elements. 

4.1 Truss and beam element 
Truss and beam elements have several similarities. The main difference is that a truss element 

does not have bending resistance.  

This section presents the properties of truss- and beam elements in AquaSim. These properties 

are given by the user in AquaEdit. In general properties consist of: 

- Mechanical properties of an element 

- Properties related to the cross section 

- Properties related to how elements respond to loads 

4.2 Local coordinate system 
Each element in AquaSim have its own local coordinate system. For truss and beam the local 

coordinate system is defined by having the origin in node A, and the local x-axis runs from 

node A to node B, as shown in Figure 6. 

 

Figure 6 Local coordinate system of a truss or beam element 

The coordinate system is an orthogonal coordinate system following the óright and ruleô. The 

location of the local y- and z-axis is defined by the location of a virtual third node (Point 3). 

Point 3 is further described in chapter 4.22.  
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4.3 Stiffness matrix for truss element 
Truss elements can take axial forces only. Consider a structural model where each node has 6 

degrees of freedom with a truss connecting two nodes, see Figure 7. The origin of the local 

coordinate system is defined in node 1, with x-axis running from node 1 to node 2.  

 

Figure 7 Truss element in a local coordinate system. Origin of local coordinate system is in node 1 

The vectors v1-v3 is defined as translation in node 1 in x-, y- and z-direction, respectively. v4-

v6 is rotation in node 1 about the x-, y- and z-direction. v7-v9 is translation in node 2 in x-, y- 

and z-direction, respectively. v10-v12 is rotation in node 2 about the x-, y- and z-direction. The 

local coordinate system is established for the actual position of the element depending on the 

actual coordinates of node 1 and 2, such that the local x-axis always goes from node 1 to node 

2. The stiffness matrix for this truss element can be expressed as a 12 by 12 matrix, as shown 

in Equation 23: 
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Equation 23 
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where E is E-modulus, A is the cross-sectional area of the truss, and l0 is the initial length of 

the element. 

4.4 Stiffness matrix for beam element 
The beam element is similar to a truss element. However, the stiffness matrix is different 

since a beam element also has resistance to bending. The stiffness matrix for beam elements 

can be expressed as (see e.g. (Bergan, Larsen, & Mollestad, 1982) and (Halse, 1997)):  
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Equation 24 

where Iy and Iz is the second area moment of inertia about the local y- and z-axis. Area 

moment of inertia is further explained in chapter 4.8. 

4.5 E-modulus 
E-modulus or Elastic modulus (E), also known as Youngôs modulus or tensile modulus, is a 

measure of the stiffness of an elastic material. This is a mechanical property of a material. It is 

defined as the slope of the stress-strain curve in the range where Hookeôs law holds, see 

Figure 5. In solid mechanics, the slope of the stress-strain curve at any point is called the 

tangent modulus. The tangent modulus, in the linear portion of the stress-strain curve, is 

equivalent to the Elastic modulus. Referring to Figure 5, this is the part of the curve up to 

yield point (B). 

In AquaSim, if a component is not explicitly modeled with a nonlinear relation between stress 

and strain, the relation is linear-elastic. For linear-elastic behavior, the stress „ is found as 

„ Ὁ‐, where ‐ is deformation.  
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4.6 Shear modulus G (shear) 
The Shear modulus or Modulus of rigidity is denoted G. As for the Elastic modulus, the Shear 

modulus is a quantity measuring the stiffness of a material. It is defined as the ratio of shear 

stress to the shear strain. It is connected to the Poisson ratio ’, by: 

Ὃ  
Ὁ

ςρ ’
 

Equation 25 

where yz is the plane of the cross section of the element. Truss elements have no shear 

stiffness. For information about Poisson ratio, please see e.g. (Wikipedia, 2020b).  

4.7 Cross sectional area 
A cross section is the intersection of a 3D object from the position of a plane through the 

object. When cutting an object into slices one gets many parallel cross sections. For 2-noded 

elements in AquaSim, the area, or cross sectional area, is the area of the object sliced in the 

yz-plane in an orthogonal coordinate system (and the x-axis running from node 1 to node 2). 

E.g. a cross section of a cylinder is a circle.  

4.8 Area moment of inertia, Iy I z 
Area moment of inertia, also known as the second moment of area, moment of inertia of plane 

area, or second area moment, is a geometrical property which defines the resistance of a cross 

section to withstand deflection.  

As an example, a filled rectangular area with a base width of b in the local y-direction and 

height h in the local z-direction has an area moment of inertia of: 

Ὅ  
ὦὬ

ρς
 

Equation 26 

where Iy means about the y-axis, and 

Ὅ  
ὦὬ

ρς
 

Equation 27 

where Iz means about the z-axis. 
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4.9 Area moment of inertia, torsion I t 
I[t] or I t is the area moment for resistance to torsion. Torsional motion is rotation or twisting 

of an object. In AquaSim, torsion is rotation of a beam element about the local x-axis as 

shown in Figure 8. 

 

 

Figure 8 Torsion motion, from Wikipedia 

A beamôs resistance to torsion is given by Equation 28: 

ὑ  
ὋὍ

ὰ
 

Equation 28 

where G is the shear modulus, as given in Equation 25. It is the torsional resistance and l0 is 

the initial length of the beam. For circular sections, the cross section torsional resistance is the 

same as polar 2nd area moment of inertia.  

4.10 Volume 
Volume is the quantity of the three-dimensional space enclosed by a boundary. In AquaSim, 

the volume is given as cubic meter per meter άσȾά . From this volume, the buoyancy is 

calculated.  

4.11 Weight and mass 
The weight of an object is the force on the object due to gravity. Weight is introduced as mass 

per meter ὯὫȾά  in AquaSim. Both weight in air and weight in water are input parameters. 

The default is to assign weight in air as input, as well as volume, for calculation of buoyancy. 

Based on this the relative weight in water is found from this. Note (3). 

 

Note (3) 

The weight assigned to the element should include all weight carried by the element. If a tube is 

filled with water this means the element weight should include the weight of water in addition to the 

mass of the tube (calculated from mass density given as input). For selected predefined cross 

section, AquaSim provides option for filling of water. For more information, reference is made to 

the AquaEdit User Manual.  
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Utilizing the ñWeight factor for slammingò combined with the water volume correction ñWith 

slammingò, AquaSim assumes that the object is empty of water when in air and waterfilled 

when below the instantaneous water surface.  

Mass density refers to the quantity of matter in an object. More specifically, inertial mass is a 

quantitative measure of an objectôs resistance to acceleration. Mass density is multiplied with 

the cross-sectional area and the length of the element to derive the element mass. In AquaSim, 

mass density is the mass per meter divided by the cross sectional area.  

4.12 Pretension, pre-strain 
The definition of pretension in AquaSim is pre-strain. As an example, 0.01 means that the 

element is assumed stretched 1% at the model configuration. Note (4). The axial force is 

found as: 

ὔ Ὁὃὰ ὰ ὖὙὉȾὰ ὖὙὉ 

Equation 29 

where: 

- ὔ is axial force 

- Ὁ is Elastic modulus 

- ὃ is the cross-sectional area 

- ὖὙὉ is the pre-strain in the element, given as input in AquaSim 

- ὰ ὖὙὉ is the initial length before applying the pretension 

-  ὰ is the length after applying pretension 

 

Note (4) 

It is possible to apply negative pre-strain as well.  

 

4.13 Mass radius 
Mass radius is the average mass radius with respect to rotation about the local x-axis.  
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4.14 Rayleigh damping 
Rayleigh damping is given as a mass proportional term, and a stiffness term. Rayleigh 

damping is used to account for the fact that there are damping in a structure. If a structure is 

excited in a natural period, the amplitude will decrease over time, due to damping effects. 

Rayleigh damping is an approximation for the physical damping and should be used with 

care. The coefficients given into AquaSim is the factor the mass and stiffness matrix are 

multiplied with respectively to obtain the damping matrix caused by Rayleigh damping: 

ὅὙ ὅ Ͻὓ ὅϽὑ 

Equation 30 

where: 

- ὅὙ is Rayleigh damping  

- ὅ  is mass proportional Rayleigh damping, Rayleigh damping (mass) 

- ὓ is the mass matrix 

- ὅ is stiffness proportional Rayleigh damping, Rayleigh damping (stiffness) 

- ὑ is the stiffness matrix 

ὅ  and ὅ are the parameters given as input in AquaSim. 

4.15 Shear stress, shear area 
Shear stress is a stress-component parallel to an imposed force. For a rectangular cross 

section, the shear stress will be distributed as shown in Figure 9. Here, the shear stress is 

denoted S.  

 

Figure 9 Shear stress distribution of a rectangular cross section 

óKappaô is a parameter normally set as the ratio between the maximum shear stress at the 

cross section and the average shear stress. In AquaSim, the shear stress is uniformly 

distributed over the cross section. In y-direction, the shear stress is multiplied with óKappa Yô, 

and óKappa Zô in the z-direction. 
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4.16 Axial force 
Axial force is a compressive or tension force acting in the lengthwise direction of an object. In 

AquaSim, this is the force acting in the direction from node 1 to node 2 of an element.  

4.17 Shear force 
Shear force are unaligned forces pushing one part of an object in one direction, and another 

part in the opposite direction in the plane perpendicular to the axial direction (the direction 

between node 1 and node 2).  

4.18 Bending moment 
Bending moment is the reaction in a structural element when a force or moment is applied to 

the element, causing the element to bend. Moments and torques are measured as a force 

multiplied by a distance. The unit is Newton-meters ὔά. For linear-elastic response, the 

stress distribution caused by bending moment is shown in Figure 10. 

 

Figure 10 Stresses in a beam caused by bending moment over the cross section 

4.19 Torsional moment 
Torsion is the twisting of an object due to an applied torque, expressed in Newton-meters 

ὔά. For a beam in AquaSim, this means torsional moment is moment about the local x-axis 

as shown in Figure 11. 

 

Figure 11 Stress from torsion 
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4.19.1 Wind load, response to wind 

See chapter 4.21.10 for detailed description. Wind forces on truss is treated equivalent as for 

beams.  

4.20 Morison load formulation: loads and coefficients 
In AquaSim, one may choose to calculate forces on elements either by Morison equation 

(Morison, Johnson, & Schaaf, 1950) or as hydrodynamic (strip theory). This chapter describes 

the Morison load formulation. The equation for load introduced by the Morison equation is 

given by Equation 31. The cross-flow principle is utilized. The forces in the local y-direction 

will be: 

Ὂ
”ὅ ὈὭὥάὒ

ς
ό ὺ ό ὺ ό ὺ ” ρ ὅὥ ὠ ὒὥ ”ὅὥὠ ὒὺ 

 

    Drag-term   Froude-Kriloff   Added mass 

        diffraction 

Equation 31 

where  

- ὅ  is the drag coefficient in the local y-direction. This corresponds to the input óDrag 

coefficient Yô in AquaSim 

- ό ὺ ό ὺ  is the relative velocity between the element and the fluid 

in the cross sectional plane 

- ὈὭὥά is the diameter of the cross section on the direction of the relative velocity  

- ό ό ό , where ό  is the fluid velocity due to waves, and 

ό  is the current velocity in the local y-direction 

- ὺ is the velocity of the element in the local y-direction 

- ὥ is the fluid acceleration in the local y-direction 

- ὅὥ is the added mass coefficient, also in the local y-direction. See e.g. (Faltinsen, 

1990) 

In Equation 31, the first term is recognized as the Drag-term of the Morison equation. The 

second term is the combined Froude-Kriloff - and diffraction part of the load. The third part is 

the added mass. Similarly to Equation 31, the external force in the local z-direction is derived 

by substituting the y-direction with the z-direction:  

Ὂ
”ὅ ὈὭὥάὒ

ς
ό ὺ ό ὺ ό ὺ ” ρ ὅὥ ὠ ὒὥ ”ὅὥὠ ὒὺ 

Equation 32 

4.20.1 Added mass coefficient 

Added mass coefficients are given explicitly for the y- and z-direction in AquaSim. The 

parameters given as input to AquaSim are the parameters recognized as ὅὥ and ὅὥ in 

Equation 31 and Equation 32. Note also how the added mass term also contribute to 

diffraction load in the Morison equation (see the second term in Equation 31 and Equation 

32).  
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4.20.2 Diameter for drag, drag area 

In Equation 31, ὈὭὥά corresponds to óDiameter for drag Yô in AquaSim. Similarly, ὈὭὥά 

in Equation 32 corresponds to óDiameter for drag Zô in AquaSim. The diameter in the 

direction of the relative velocity, ὈὭὥά, is found from the input ὈὭὥά and ὈὭὥά with the 

assumption that these two diameters represents the largest and smallest diameter for an elliptic 

cross section. The drag diameter is equal to the physical diameter where the drag load acts. 

Note (5). 

 

Note (5) 

ὈὭὥά refers to the diameter that is used to calculate drag force in the local y-direction of the 

element. If the user wants to use half the full diameter of the cross section, simply input half the 

value of the physical diameter in AquaSim.  

In case AquaSim is used with the option óWith slammingô, AquaSim calculates the submerged part 

of the cross section at all times and scales the drag area accordingly.  

 

4.20.3 Wave generated damping coefficient 

Wave generated damping, or wave induced damping is a damping mechanism where the 

object is damped due to propagation of energy away from the structure. These waves are 

generated by the object itself due to motions. For large-volume objects this damping may be 

of significance. In AquaSim, the user may apply this type of damping to elements with the 

Morison load formulation by applying coefficients in horizontal-, vertical- or rotational 

motion.  

4.20.4 Wave amplitude reduction and current reduction on Morison elements 

Reduction of waves and current may occur due to shadow effects. Objects may be situated 

behind other elements, causing reduction of environmental loads. Reduction factors for wave 

amplitude and current can in these cases be applied. The input is a number between 0.0 and 

1.0, and corresponds to a per centage of reduction. Applying Wave amplitude reduction will 

scale the wave amplitude ‒ according to the input value. For current reduction, the drag 

coefficient ὅ  and drag diameter (ñDiameter for dragò) are scaled according to the input 

value.  

4.20.5 Lift  

As an alternative to drag formulation for loads on submerged elements, data may be found 

from tables of drag, lift and yaw moment. As for drag loads, the cross-flow principle is 

assumed such that the loads refer to a local coordinate system where the local x- axis runs 

from node 1 to node 2. For deflectors, trawl doors or other parts where lift loads are 

applicable input should be given as drag, lift, and yaw coefficients as a function of inflow 

angle. 

Point 3 on the elements decides where the local z- axis is directed. An inflow angle of 0 means 

the part of the flow in the cross sectional plane (y-z- plane) is directed along the local z- axis. 

The parameters in AquaSim should be tested for response. In the table, the coefficients are 

given as angles. In between given angles, linear interpolation is used. End values are used 
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outside the given interval. The lift-option is found under óAdvancedô in the Edit-beam window 

in AquaEdit. Input parameters to lift are: 

- Input type: input may be given in Radians or Degrees 

- Direction of lift: positive direction for an element (corresponding to 0 degrees angle of 

incident flow) is along the local z-axis. 1 means the lift direction is in accordance with 

a normed space. -1 means the inverse. This parameter may also hold the value -2. In 

this case, the rotation direction is opposite, but not the defined lift direction. -3 means 

that the lift direction is defined opposite, but not the angle.  

- Diameter: chord diameter the coefficients are multiplied with. 

- Angle: sets if there is an angle between the inflow and the local z-axis if 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 0 angle and direct the local z-axis to be in 

accordance with this. This is to avoid any miss on positive/negative angle.  

Then the user should define a table where drag, lift and yaw are given as function of inflow 

angle of the fluid: 

- Angle: inflow angle in the cross-flow plane relative to the local z-axis. 

- Cd: drag coefficient in the direction of the flow. 

- LiftCoeff: the lift coefficient. Factor for force 90 degrees to the flow direction in the 

cross-flow plane.  

- YawCoeff: the yaw coefficient. Coefficient for rotation around the beam of the lift 

object.  

Running analysis with lift, a test of coefficients should be carried out to validate that 

coefficients are correct and have the correct sign. (Berstad & Tronstad, 2008) present a case 

for towed seismic equipment where lift elements are applicable for trawl doors.  

4.20.6 Weight factor for slamming 

If a cross section is waterfilled the óWeight factor for slammingô will adjust the inner 

waterline to be proportional to the outer waterline. If the element is submerged, the inside 

volume is completely filled. The component should be given input data as completely filled. 

The óWeight factor for slammingô should be a number between 0 and 1. The fraction of non-

filled volume (compared to total inside volume) is given as input. 

4.20.7 Use visual cross section as slamming 

Not an available option for time being. 

4.20.8 Wave- and current induced viscous drift force 

The extra mean force due to waves and current is often referred to as viscous drift force. This 

type of drift force is automatically included in the AquaSim analysis when applying the 

Morison load formulation.  

4.20.9 Wind load, response to wind 

See chapter 4.21.10 for detailed description.  
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4.21 Hydrodynamic load formulation: loads and coefficients 
Hydrodynamic loads may be combined with the Morison equation loads. When choosing 

hydrodynamic loads only the drag term (the first term) of Equation 31 and Equation 32 is 

considered. The Froude-Kriloff and the diffraction loads in the Morison equation are 

calculated by strip theory. Also, the added mass is found by strip theory, such that the added 

mass coefficients of the óDrag loadô is omitted.  

Using the hydrodynamic load formulation, hydrostatic stiffness in heave and roll are 

calculated based on the input of the section shape introduced by the user. Added mass, 

hydrodynamic damping, Froude-Kriloff and diffraction forces are calculated strip theory, see 

e.g. (Fathi, 1996) and (Berstad A. , 1999). 

4.21.1 Strip theory 

For typical floating components ï from small parts such as polyester fish farm cage rings up 

to large structures like barges ï hydrodynamic load formulation may be applied. In AquaSim, 

formulation must be applied to horizontal elements with penetration of the water line.  

Figure 12 shows a square boxed fish farm cage in black to the left, and a barge to the right. 

The blue lines indicate how these structures may be subdivided with óstripsô. A linear 

boundary value problem is solved for each strip. Linearized means that the boundary 

conditions are applied at their mean positions (see e.g. (Faltinsen, 1990) Ch. 4). A linearized 

boundary value problem is solved for a single frequency wave and wave heading.  

 

Figure 12 Square floater in black, and a barge seen in brown. Seen from above 

The damping and added mass are derived at the peak period of the spectrum (in case of 

irregular seas). Whereas the diffraction and Froude-Kriloff components are derived for each 

individual frequency in the wave spectrum, and each wave heading.  

The geometry of each element subjected to hydrodynamic loads, is described by a cross 

section at each node. Then the cross section may vary along the element. For elements with 

constant cross sections (typical barges), the two sides are equal.  
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The Froude-Kriloff force and diffraction force is calculated as follows: 

- The midpoint of an element is derived for the given time instant.  

- The angle of the elementôs longitudinal direction is derived for the same time instant.  

- The relative angle between the element and the wave angle in the global coordinate 

system is derived for each considered wave frequency component. 

- Froude-Kriloff forces are calculated at the instantaneous position of the vessel relative 

to the waves, whereas the diffraction force is computed by interpolation of the pre-

calculated diffraction coefficients. 

4.21.2 Hydrostatic force 

In hydrostatic terminology, gravitational and buoyancy forces are referred to as restoring 

forces. The stiffness matrix due to restoring force, Ὧ , is given as: 
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Equation 33 

where ὃ  is the cross sectional (2D) waterplane area. For a beam element, the stiffness 

component of rotation about the local x-axis is also accounted for. ὠ is the displacement, and 

Ὃὓ is the distance from the transverse metacentric height of the element to the center of 

gravity of the element (see e.g. (Wikipedia, 2020c) for definition of metacentric height). ὓ  

is found as: 

ὓ ὄ
Ὅ

ὠ
 

Equation 34 

where ὄ  is the center of buoyancy calculated by AquaSim based on the (2D) volume. ὠ  is 

the submerged volume. Ὅ  is the 2nd area moment of inertia for the waterplane area. The 

parameter is calculated in AquaSim based on the intersection between the input geometrical 

data and the waterline. 
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In AquaSim, ὠ  is calculated based on the hydrodynamic cross section defined under 

óElement loadsô and óWaterline Zô. Note (6). In AquaSim, the waterline is defined at ᾀ π in 

the global coordinate system. óWaterline Zô enable the user to adjust the vertical position of 

the hydrodynamical cross section. If  óWaterline Zôπ, AquaSim calculates ὠ  based on the 

drawn cross section. Applying negative values to óWaterline Zô corresponds to increased ὠ  

and hence more buoyancy.  

Note (6) 

The óInformationô-tab for beam elements enable the user to draw a visual cross section. For 

hydrodynamic load formulation, this cross section is only for visual purposes. Select óCopy to 

hydrodynamicô to include the visual cross section in hydrostatic calculation. 

 

Ὃ in the Ὃὓ is the center of gravity in the cross section, also referred to as óMass centerô. It 

should be noted that the óMass centerô of the hydrodynamic element is assumed given in the 

same coordinate system as óWaterline Zô. Meaning that if óWaterline Zô is set to 5m and the 

mass center is 5m, the mass center is in the water line when calculating Ὃὓ .. Other 

properties in the analysis, such as linearized diffraction force and added mass, is calculated 

based in the submerged volume and the location of óWaterline Zô. 

When an analysis model is established, there might be a discrepancy between the waterline 

and the beamôs neutral axis. Note that when applying hydrodynamic load formulation, 

AquaSim is adapted for elements modelled horizontally.  

4.21.3 Hydrodynamic length coefficient 

For cases where hydrodynamic sections do not cover the full length of the geometric section, 

there is a possibility to model the sections in a simplified manner by using the óHydrodynamic 

length coefficientô. When the full length of the section is in the water line, the factor should be 

1. Reduced factor corresponds to reduced length of section intersecting the water plane.  

Figure 13 show an example of how to apply the factor. To the left, a detailed render of a pier 

with pontoons intersecting the water plane. The total length of the pier is 10m and the 

pontoons are 1m wide. Hence, 30% of the total length intersect the water plane. To the right, a 

simplified render of the same pier with pontoons, modelled as one continuous beam. Applying 

a óHydrodynamic length coefficientô of 0.3 will then reduce the length of the beam 

intersecting the waterline to correspond with the more detailed model. 
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Figure 13 Left: pontoons modelled separately. Right: pontoons modeled as one section, length of section intersecting the 

waterline is reduced applying the óhydrodynamic length coefficientô 

4.21.4 Neutral axis Z 

The óNeutral axis Zô is the distance between the elementôs local coordinate system origin and 

the area center of the cross section.  

4.21.5 Viscous roll damping 

For roll motion of a ship shaped structure, vortices generated by the hull adds a significant 

contribution to damping. The user may account for this by applying the parameter óViscous 

roll dampingô. Viscous roll damping is calculated as follows: 

Ὀ
ὃ ”

ψ
Ὀ ὅὨ 

Equation 35 

where ὃ  is the 2D waterplane area, ”  is the density of water, and ὅὨ is the viscous roll 

damping coefficient. Ὀ  is a factor depending on wave height and current velocity: 

Ὀ ÍÁØÍÁØὺȟὺ ϽπȢχȟπȢχ 

Equation 36 

where ὺ is current velocity, ὺ  is max wave velocity (which is proportional to the wave 

height).  

Consider the formula 7.26 in (Faltinsen, 1990): 

Ὂ
”

ς
ὅὦὰȿόȿό 

Equation 37 

where Ὂ describe the normal force on a bilge keel, ὦ and ὰ are the length and width of the 

bilge keel, respectively. By linearization of Equation 37 and limit the equation to a 2D 

problem, then: 

Ὂ
”

ς
ὅὦȿό ȿό 

Equation 38 

Consider the corner of a vessel, where ὦ  is the width of the vessel: 
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ό
ὦ

ς
‰  

Equation 39 

where ‰  is a velocity potential for rotation about the x-axis (i.e. roll motion). 

Assume the bilge keel width is the part of a square vessel, then: 

Ὂ
”

ς
ὅ
ὦ

ς
ȿό ȿ

ὦ

ς
‰  

Equation 40 

The 2D vessel width, ὦ , corresponds to the same as the 2D water plane area of the 

vessel, ὃ . This gives: 

Ὂ
”

ς
ὅ
ὃ

τ
ȿό ȿ‰  

Equation 41 

When we introduce ό Ὀ , and the fact that roll damping is defined as a force 

proportional with the roll velocity, we see that Equation 41 corresponds to Equation 35. Note 

that there are many approximations in this linearized equation. The cause of roll damping is 

due to drag forces, which result in a force proportional with the square of the relative velocity 

between the fluid and the object the fluid forces are acting on. To make a more physical 

correct assumption, one may model the bilge keel as eccentric beams longitudinally, close to 

the lower corner of the vessel. The beams should have a drag area corresponding to the effect 

of the corner of the vessel or to the actual bilge keel. In this case, drag load is calculated by 

the ónormalô drag load application meaning the damping will be quadratic. 

4.21.6 Wave amplitude reduction and current reduction on hydrodynamic elements 

As for beam elements with load formulation Morison submerged, hydrodynamic elements 

may also be defined with reduced wave amplitude and/ or current. Read more about it in 

chapter 4.20.4 and (Aquastructures, 2021g). 

4.21.7 Horizontal components of hydrodynamic forces only 

The option óHorizontal components of hydrodynamic forces onlyô, enable the user to omit 

hydrostatic forces and vertical hydrodynamic forces. AquaSim then sets these components to 

0. In this case only horizontal components of the hydrostatic and hydrodynamic forces are 

accounted for.  
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4.21.8 Forces and load direction 

AquaSim account for hydrostatic- and hydrodynamic forces. Hydrostatic forces include 

gravitational- and buoyancy forces. Hydrodynamic forces arise from velocity and acceleration 

of fluid particles due to waves or steady currents. Hydrodynamic forces are accounted for in 

all directions of a beam, but not normal to the cross section. Figure 14 illustrate a rectangle 

shaped object, representing e.g. a vessel hull, and the direction where hydrodynamic forces 

are not accounted for. To overcome this, the user may apply a secondary beam transverse of 

the longitudinal direction of the vessel hull (i.e. in the direction of the green axis). The length 

of the transverse beam should be equal to the width of the vessel Note (7). 

 

Figure 14 Direction of load perpendicular to cross section 

Note (7) 

In this case, overlapping elements will ódouble upô the hydrostatic and vertical hydrodynamic forces 

of the object. To overcome this, select the óHorizontal components of hydrodynamic forces onlyô for 

the transverse beam element. 

 

4.21.9 Wave drift  

AquaSim has an option for calculating wave drift loads where the hydrodynamic load 

formulation is applied. This option is called óDriftô and calculates an average drift force based 

on conservation of momentum according to Maouro (see e.g. (Faltinsen, 1990)). The drift 

force, according to Maouro, can be expressed as follows: 

Ὂ
”Ὣ

ς
ὃ 

Equation 42 

where ὃ is the amplitude of the reflected wave. For a regular wave, the drift force is a 

constant force, whereas for irregular sea, the drift force is a slowly varying force varying with 

the envelope of the process. If the period of an envelope corresponds to any natural response 

period, it might be of importance. AquaSim accounts for the variation on drift force in 

irregular sea. Further details on theory and validation of irregular wave, please see 

(Aquastructures, 2019b).  
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The amplitude of the reflected wave is found automatically by AquaSim when ñDriftò is 

toggled on. By selecting ñAmount of drift appliedò this amplitude can be manually reduced. 

1% corresponds to 1% of the incident wave, and 50% corresponds to 50% of the incident 

wave, and so on. 

AquaSim calculates the reflected wave based on a wave perpendicular to the hydrodynamic 

element. In case waves are not perpendicular to the óupstreamô line where the object side 

intercepts the water, the drift force is corrected by: 

Ὂ  ὊίὭὲ 

Equation 43 

where  is the angle between the incident wave and the vessel water intersection line. Also, 

current velocity is accounted for. The current velocity is included by adjusting the force in 

Equation 43 (corresponds to equation 5.22 in (Faltinsen, 1990)): 

Ὂ Ὂ ρ
Ὗὧέί

Ὣ
 

Equation 44 

As the calculation of the wave drift force follows the instantaneous water level, a sum 

frequency load is introduced. Further information on this topic is provided in (Aquastructures, 

2022c). Drift forces can be applied to elements with hydrodynamic load formulation also is 

the óHorizontal components of hydrodynamic forces onlyô is selected. 

4.21.10 Wind load, response to wind 

Wind velocity is an input parameter to AquaSim. In order to apply wind loads to an element, 

this element must be associated with an exposed wind drag area. Relevant parameters for this 

must be applied to the element. Note (8) 

For beams, two wind types can be selected: Type 1 and Type 2. The difference lies in how the 

wind-exposed area is calculated: 

- Type 1: the wind-exposed area, and drag coefficients is based on the input made 

available when selecting Type 1 from the drop-down menu. 

- Type 2: the wind exposed area is calculated from what is defined in óDiameter for 

dragô, and the drag coefficients found under óDrag coefficientsô in the Drag load 

menu. 

For regular wind (constant wind), the wind profile is calculated according to (Aquastructures, 

2021b) Ch. 2.1.1. 

Irregular wind (wind gust) is calculated according NORSOK N003 described in 

(Aquastructures, 2021b). 

The force on a surface caused by the wind is then calculated by the following expression: 

Ὂ  
” ὅ

ς
ὃὟ ὸ 

Equation 45 
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”  is the density of air (=1.27 kg/m3), ὅ  is the drag coefficient of the surface, and ὃ is the 

area of the surface.  

Note (8) 

When Water volume correction: With slamming is applied, AquaSim will automatically detect if  the 

element is above, or below, the water surface and include calculation wind forces if it is above.  

Applying Water volume correction: With slamming, AquaSim will include Wind Type 2 if the Wind 

force box is ticked off in the Edit beam window of AquaEdit. The wind fetch area is then calculated 

based on the input area from Diameter for drag Y and Z.  

 

4.22 Point 3, node 3 
Each beam and truss element have a óPoint 3ô defining the direction of the local z-axis. Point 

3 is defined as being in the positive halfplane on the local xz-plane, where the x-axis run from 

node 1 to 2. For beam elements, with hydrodynamic load formulation, Point 3 should be 

vertically above the element.  

4.23 Hinge 
A hinge keeps two adjacent parts together, typically is a door hinge as seen in Figure 15. 

 

Figure 15 Example of two elements hinged together 

In AquaSim, a hinge is introduced to one of the elementôs node. Introducing a hinge means 

choosing if the node should be attached to other elements for each of the 6 DOFs of a node 

individually. The DOFs may be introduced either in the global coordinate system, or in a local 

coordinate system (the local coordinate system is applied to the hinge). The locale coordinate 

system is introduced by choosing óCo-rotated hingeô. The coordinates of the local x- and z-

axis is defined in the Hinge-window in AquaSim. If a co-rotated hinge is chosen, the 

coordinate system of the hinge will rotate as the elements connected to the hinge rotates. For 

cases where elements rotate, it may be of importance to account for the rotation of the hinge 

points. Meaning that óCo-rotated hingeô is often introduced to obtain this effect, even if the 

local coordinate system initially coincides with the global coordinate system.  
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4.24 Winch 
Winching can be simulated in AquaSim. There exists two modes; winching out or winching 

in. For winching in, the winching length is at maximum the length of the element. For 

winching out, extra elements are added during the operation. One may winch out and 

introduce as many extra elements as one wish.  

Winches are normally applied to truss elements. The winch speed is constant and equal to the 

velocity specified in the input.  

4.25 Valve 
Valves are normally applied to beam elements. Introducing valves provides the possibility to 

simulate that valve is opened at a certain timestep and water is filled to the defined volume 

inside the beam. Figure 16 shows a simplified case with a valve opened at the bottom of the 

cross section. 

 

 

Figure 16 Principal sketch for valve in AquaSim 

As seen in the figure, there is a height difference between the external surface and the internal 

surface. Applying Bernoulliôs equation to the valve, the external pressure is as follows 

(velocity of the outside fluid): 

ὴ ”ὫὌὴ ὴ  

Equation 46 

where ” is the water density (=1025kg/m3) and Ὣ is the acceleration of gravity. Ὄ is the 

external height, and Ὤ is the internal height. ὴ  is the internal dynamic pressure calculated 

from hydrodynamic theory. ὴ  is the atmospheric pressure. Bernoulliôs equation gives the 

pressure from the outside to the inside of the valve: 

ὴ ρ ὑ
ρ

ς
”ὺ ”ὫὬ ὴ  

Equation 47 

where ὑ is the local friction in the valve. Combining Equation 46 and Equation 47 provides: 
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ρ ὑ
ρ

ς
”ὺ ”ὫὌ Ὤ ὴ ὴ ὴ ὴ  

Equation 48 

where 

ὴ ”ὫὌ Ὤ ὴ ὴ ὴ  

Equation 49 

The velocity ὺ can then be found as: 

ὺ
ςὴ

ρ ὑ ”
 

Equation 50 

Consider now ὴ . This pressure depends on ὴ  which is unknown, so we need to find 

this. The other terms in Equation 48 are known. The amount of water passing through the 

valve at a given time instant is: 

ὗ ὃὺ ὃ
ςὴ

ρ ὑ ”
 

Equation 51 

where ὃ is the cross sectional area of the flow. The inside air needs to be moved from the air-

filled inside the container to the outside atmosphere. To obtain this, the following has to be 

fulfilled:  

ὴ ὴ  

Equation 52 

We assume that both the air and the water act as incompressible fluids. Continuum means that 

the flow of air out of the tube must be equal to the flow of water into the volume. This means 

that: 

ὺ ὃ ὺ  ὃ  

Equation 53 

The air outlet is a tube with a length typically in the range of 50-100 meters. Consider the 

time instant when the valve (for water inlet) is opened. At that time instant, the air outlet is 

already open, and the inside pressure is ὴ ὴ . Then the inside pressure will rise to a 

level that drives an air flow through the air tube. Applying Bernoulliôs equation, the air from 

inside the tank to the atmosphere, the flowing equation is derived: 

ὴ ρ ὑ ὪὙὩ
ὰ

Ὠ

ρ

ς
” ὺ ὴ  

Equation 54 
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where ὰ is the length of the tube, Ὠ is the diameter of the tube and ὪὙὩ is a function 

depending on the Reynoldôs number (see Figure 17). ὑ is a friction coefficient, which is 

different from 0, only if there is a valve in the tube. 

Introducing Equation 54 to Equation 48: 

ρ ὑ
ρ

ς
”ὺ ”ὫὌ Ὤ ὴ ρ ὑ ὪὙὩ

ὰ

Ὠ

ρ

ς
” ὺ  

Equation 55 

The Reynold number ὙὩ is in this case ὙὩ
 

. ὪὙὩ is friction as a 

function of Reynolds number. A typical relation is shown in Figure 17 in terms of a Moody 

diagram. For laminar flow φτȾὙὩ is used. For turbulent flow ὪὙὩ is set to 
Ȣ

Ѝ
. Then there 

is a transition phase between laminar and turbulent flow. In this phase, ὪὙὩ is linearly 

interpolated between the ὙὩ number given as input to mark the highest ὙὩ for laminar flow 

and the ὙὩ value that is marked as the lowest ὙὩ where turbulent flow is applicable. 

 

Figure 17 Moody chart (Wikipedia, 2020d) 
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4.25.1 AquaSim parameters for valve 

 

Figure 18 Input parameters for valve in AquaSim 

The input parameters are set for the element the valve is attached to. The properties are: 

Table 2 Description of input parameters for valve in AquaSim 

Parameter Description 

Name Name of the valve, set by the user. 

Reversed If not toggled, then the valve is placed at the elements 

first node (node A). If the user wants to apply the 

valve at the other node (node B), the simply toggle this 

option. 

Backtrack One may choose between óOnly flow inwardô, or the 

possibility of the flow to flow both ways, óFlow both 

waysô. 

Time before filling Time instant where filling starts, in seconds. 

Valve diameter Diameter of valve opening, according to Equation 51. 

Valve area is calculated from the diameter based on a 

circle. 

2D volume Defines the maximum allowed volume per meter water 

it is possible to add to the element. 

Weight of water in element This is the weight of water being stuck in the first 

element before spreading to the next element. When 

filling, it is assumed that the first element is filled to its 

capacity before water spreads to the next element. 
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Fill status The fill status when the valve opens. 

Artificial overpressure It is possible to apply an overpressure in cases of 

blowing out water from elements. 

Length of tube This is the length of the air-tube out of the element to 

be water filled. Input in meters. This is the tube 

connecting the air inside the component being filled 

with water to free air. The smaller the tube, the more 

friction and slower filling. 

Diameter of tube Diameter of the tube out of the element being filled 

with water. Diameter of the tube from the 

abovementioned point. 

Reynold upper The upper limit for laminar flow. This is for air flow 

through the air tube. 

Reynold lower The lower limit for turbulent flow (this number is 

higher or equal to the upper limit of the laminar flow, 

it is interpolated with). If this number is set lower than 

the upper limit for laminar flow, the upper bound for 

the laminar flow will be set as also the lower bound of 

the turbulent flow. 

Friction coefficient K1 In the case there is a valve in the opening where sea 

water flows into the element, this coefficient is used. 

Friction coefficient K2 In the case there is a valve in the tube leading air out 

of the element being water filled, this coefficient is 

used. 

Density air  The default value is set to 1.25kg/m3. The user may 

adjust this. The value is collected from Wikipedia. 

Friction coefficient for 

abrasiveness 

Coefficient applied to the air tube. Depending on 

implemented theory, see above. 

Viscosity air The viscosity of air. Default value is set to 1.5E-05. 

The user may adjust this. If the value is set lower than 

1.0E-06, then AquaSim apply 1.0E-06. 
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4.25.2 Catenary slope 

Catenary mooring systems are most common in shallow waters. The system will typically 

take the form of a free hanging line, with a part laying horizontally at the seabed. This is 

illustrated in Figure 19. 

The Create Catenary slope, in AquSim, allows to create catenary mooring systems based on 

user defined parameters. To create a catenary slope, the user must first create a guideline. The 

guideline is a straight line in XZ- or YZ-plane and defines the starting point of the slope and 

the vertical level of the endpoint of the slope. The input parameters are set for the selected 

element. The properties are: 

Table 3 Description of input parameters in AquaSim 

Parameter Description 

Force The force applied to the mooring line at the fairlead. 

Thread diameter Diameter of the mooring line. 

Submerged density Density of the mooring line when submerged. 

Divisions Number of elements in the catenary slope. 

The length of the catenary slope is calculated as: 

Ὓ Ὀ
ςὊ

ύ
Ὀ  

Equation 56 

where 

- Ὂ is the force applied to the mooring line, 

- Ὀ water depth plus distance between seabed and fairlead (AquaSim automatically 

detects this by the vertical distance between the uppermost- and lower most node of 

the guideline), 

- ύ density of the mooring line when submerged. 

 

Figure 19 Catenary mooring, modified figure from (Catenary Calculator, 2021) 
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5 ELEMENT PROPERTIES, LOAD AND RESPONSE: 

MEMBRANE  
AquaSim have a 4-noded element representing a rectangular part of a net as shown in Figure 

21. The element can be at any shape, but the element assumes a twine follows the edge of the 

element. 

5.1 Local coordinate system 
A net element has a local coordinate system with the Y- and Z- axis in the plane of the 

element as seen in Figure 20. This is automatically defined by the geometry of the input, such 

that the local Z- axis run from node A to node B on the element. The local Z- axis run from 

node B to C on the element. For the side of a net this means that when results are taken from 

AquaView in terms of óForces in horizontal twinesô and óForces in vertical twinesô 

respectively this corresponds to actual vertical and horizontal twines. In general, the user must 

evaluate whether this is the case by evaluating where node A and B is on the element. 

 

Figure 20 Membrane element in AquaSim 

5.2 Structural properties of membrane 

5.2.1 Mask Type 1 

The element represents the number of twines crossing the considered line. As an example, if 

the distance between node 1 and node 2 in Figure 21 is 1 meter and the halfmesh size is 25 

mm, 40 twines will cross perpendicular to the line between node 1 and 2. 

 

Figure 21 Net membrane element in AquaSim 






































































































































































