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INTRODUCTION

AquaSim is an analysis tool developed by Aquastructures ABlizesthe Finite Element
Method (FEM) for calculation and simulation of structural response. The software is well
suited for slender, lightweigh&and large volume structures, flexible cagpifiations 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, thigport 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
Node
Element

Beam

Membrane
Truss

Component

E-modulus
Incident wave
Conservation
of momentum
Crossflow
principle
Dummy

AquaSim 2.7

Aquastructures AS

Definition

Point in 3D space that describes end poinelehent.

Object between two nodes (straight element) or four nodes (membrane elerr
The simulation process will treat each element as a discrete object.

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

Structural element used for nets and tarps.

Structural element where forcesthe members are either tensile or compressi
forces. l.e. ropes.

A group of elements which is defined by g@me material data. Components a
defined either as beam, truss, membrane or node2node.

Youngd6s modulus, or the modulus of
Wave(s) propagating towards an object.

Newt onds second | aw.

The fluid velocity relative to an object is split into its components normal and
parallel to the objectébés axis.

A variable, or categorical effect, that is not taken into account in the AquasSin
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 ee®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 sysimponent, applicable for further local analysis and
fatigue assessments. AquaSim accounts for hgtisticity, to handle the coupled dynamics
between the external loads and the construction. This means the program handles calculation
of response in staures or systems where the loads acting on the structure depends on
structural deformations.

2.1 AquaEdit
In the preprocessakquaEdit, a geometrical model is established through a graphical
interface.Structural and hydrodynamical properties are definecaddéd to the modle

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 geon@pertiesand environmental loads.
The solver is based on time domain simulation of structural response in coupled systems.

2.3 AquaView
ThepostprocessohquaView, presents results from the solver graphicadlgD.

2.4 AquaTool
The postprocessor AquaTool, presents results from the soliadhl@s and diagrams.

2.5 Other postprocessing tools

Other postprocessing tools are also includdubse are suitable for handling large result files
andare called PostProcFilter (ppfilter), PostProcReduce (ppreduce) and Surface Extractor
(ppsurface).
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2.6 AquaSim system files
The AquaSim package is typically installed atRtogram FilesAquastructurég\quaSim.

The solver can either be started through AquaEdit, or it can be run in batch. Upon start and
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finish of ananalysis, several files are generafBidese a& described iTablel.

TablelFi |l es generated
File File name
Batch file pl.bat
XML file pl.xml
Result file pl01l.avs
Result file pl0l.avz
Input file pl01.txt
XML file p101.xml

pl0Zall.xml

Result convergence
file

Result file key data

Result file

Resultfile

Result file
validation data
Result file
Result ID file

Result ID file

AquaSim 2.7
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pl0lconv.txt

pl0lkey.txt

p101PFAT.avs

pl01PFAT.avz

plOlval.txt

p10lhydro.txt

pl0lelements.txt

pl0lnodes.txt

from AquaEdit and the solver.

Description

Batch file. ASCII format. Double click for running
analysis. The bat file consists of a set of commanc
easilyeditable.

XML file. ASCII format. This file holds graphic
information and other key data.

Result file generated by the soldringexecution
of analysis. This file holds results in ASCII format.
Result file generated by the solver after completio
of analysis. This file is a compressed version of th
avs file.

Input file in ASCII format. Holds information about
the model and analysis setup. Generated from
AquaEdit upon export.

XML file. ASCII format. This file holds graphic and
other key datdor activated components from
AquaEdit This is the file used for the analysis of tF
p101.txt input file.

XML file. ASCII format. This file is similar as for
.xml, butincludes graphics and key data for all
components from AquaEditactivated and
deactivated components.

Holds information about the analysis status
concerning number of iterations used to achieve
convergence for thanalysis of the p101.txt input
file.

Contains a set of key data of the analysis model.
may be used for selfalidationof input. Also holds
information about license and user kay data.
Result file generated by the solver upon completic
of analysis. This file holds key data and max resul
values of the p101.avs file. ASCII format.

Result file generated by the solver upon completic
of analysis. This file is a compressed version of th
avs file.

This file holds a set of key data from the analysis.
This may be used for selflidtation of input. Some
basic data is given in the p101lkey.txt file, the
plOlval.txt contains additional key data.

Result file containing key data of hydrostatic data
the analysis modeRASCII format.

Holds information about elements given custor IC
names in AquaEdit.

Holds information aboutodes given custom D
names in AquaEdit.
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2.7 The <filename>key.txt

The output file, <filename>key.txt contain information about license, weighbaoyghncy
data for each component in the analysis model. An excerpt of this file is shéwgural,
presenting weight and buoyancy data for a range of components.

In water weight, In air weight, In water buoyancy, Total length (twines if net

)

Number , N s N s N s m
Component 1 -0.8336E+06 ©.1278E+07 ©.2112E+07 ©.1278E+04
Component 2 ©.6293E+06 0.2244E+07 ©.1615E+07 0.1278E+04
Component 3 ©.0000E+00 ©.1228E+06 ©.1228E+06 ©.3525E+07
Component 4 ©.00PPE+0@ ©.1085E+06 ©.1085E+06 ©.3437E+07
Component 5 ©.3401E+04 ©.1478E+06  ©.1444E+06 ©.3529E+04
Component 6 ©0.1472E+06 ©.1601E+06  ©.1294E+05 ©.8000E+03
Component 7 ©.1913E+04 ©.5089E+05  ©.4898E+05 ©.1980E+04
Component 8 ©.3958E+94 ©.1039E+06  ©.9992E+05 ©.4035E+04

Figure 1 Excerpt from <filename>key.txt output file
The data includes:

- In water weight: submerged weight of componémair weightin water buoyancy
[N].

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

- In water buoyancy: weight afisplacel water ifthecomponent is submerged [N].
Note (1)

- Total length: total length dhecomponent. In case of net, this is the total length of
twines [m].

Note (1)

Ifiwat er vol ume corr ect i onAquakdis theimput datashoddbe giv
as if the component is below the water line. AquaSim adjusts the buoyancy if the component

above the water Iine (this is not applica
t oNofin e ONoomab i t he wuser must i AgpaSiindonbtenakeany r e
adjustments inthesecaselse nce, applying AWith sl amming
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2.8 The <filename>val.txt

The objective of this file is for selfalidation of input data such as arenoment of inertia,

mass and added mass. Added mass is printed for compearersthed Hy dr ody nami ¢ 0
formulationis applied

2.9 The <filename>conv.txt
The <filename>conv.txt file provides information about status and convergence data during
executionof analysisFigure2 shows an excerpt from the file.

CONVERGENCE NOT ACHIEVED AT 3500 ITREATIONS AT LOADSTEP 34
-365238.2 845931.0 39.38226

STEP 35 CONVERGENCE AT 34490 ITERATIONS -628742.1
21030.08 ©.9790540

Figure 2 <filename>conv.txt
The last three numbers of each step have the following meaning:

1. The difference between the norm in therent 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 matteafuerl0.7.
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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 isised 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 FEanalysis

In this chapter, a truss element is used as example for illustrating the fundamentals of finite
element method-igure3 shows a truss element as a line betw®e nodesnodeA and

nodeB. The internal forces acting in the truss depends on the relative distance between the
two nodes.

Internal force F External force F
Node A Node B

Figure 3 Truss element

Figure4 depicts a truss element with nofidixed and the other one subjected to a force. The
truss element will deforminadistange Hookebés | aw is a principl
that the force F needed to extend, or compress, a spring by the digtépeoportionako
that distance. That is:
0 QYa
EquationlHoo ke b6s | aw

where K is the stiffnessf the spring. The equation holds for linedastic or Hookean
materials.

Y € P-=S=ta >
Length | Force F
X Node B
Node A
FiguredHookeds | aw for an el ement
For typical metallic material s, Hookebds | aw
Figureb.
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Figure5 A typical stressstrain curve ér a ductile metal

For further details on the FE method, see @\dkipedia, 2020a)(Bell, 1987) (Bergan &
Felippa, 1985)For dynamic analysis, séBergan, Larsen, & Mollestad, 1982)angen &
Sigbjérnsson, 1979)

3.2 Static analysis
In static analysis, inertia and damping forces are not accountdebiatibrium between

external forcesRext) and internal forceRjnt) yields:
te N N T
Equation2

WhereRex: is the external static forces acting on the structure at a given time instaRty:and
is the internal forcedn the equationbold lettersindicatematricesIn the FE method, the
structure is discretized i n a) Hguaton2ise number

discretized into:
£ n n mh EAT gh
Equation3

whereNgoti S t he di screte number of DOFO0s the str.
deals with strongly nonlinear behavior, both in loads and structural response. To establish
equilibrium in such systems, the tangential stiffness method is used. Extedsahiea

incremented to find the stadf equilibrium. Having established equilibrium in timesielp

the condition for stepis predicted as:

3 O nol n ol g 3

Equation4
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where€ is the tangential stiffness matrix. The external lca@salculated based on the
configuration ofthe structureti-1. This gives grediction for a new set of displacements.
Based orEquation4 a prediction for the total displaceméhts found as:

"I "l 37l
Equation5

wherej is the index used for the iteratio$ie bar on top of the lett@rndicates that it is a
prediction. Based on the predicted displacement tEgumtion5, forces are found and the
residual forces is put into the equation of equilibrias follows:

Nk n " n F € 3
Equation6

Equation6 is solved with respect to the displacem®iitiIncrementing with one, the total
displacement is now updated as:

Equation7

andEquation7 is solved based on the new prediction for displacements. This is repeated until
3lis smaller than a tolerated error, then:

" ,‘“l_
Equation8

Meaning that the prediction is considered good enough since the error is below the error
threshold. Wien the tolerated error is reacher, increased with one, attjuationd is
carried out for a new load incremeNbte (2).

Note )

It is also possible to carry out a static analysis for time dependent loads (for example wave Ic
Then static equilibriunis established for the structure, neglecting structural velocity and
accelerations. Alternatively, a dynamic analysis may be carried out. Note that the above equ
are valid for translational motions. Euler angtasnotbe used directly to handle ¢gr and time
varying rotations. Therefore, AquaSim uses a tensor formulation for the rotations as outlined
(Eggen, 2000and(Haugen, 1994)Using tensors, the vectors above are inrfzairices for
rotational DOFO6s.
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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 forgesgral,

Morison forces are releva(¥lorison, Johnson, & 3@af, 1950) The Morison load varies

with the relative velocity between water and structlilee same algorithm used for the static

load calculation is applied for the dynamic analysis, only in this case mas and damping forces
are accounted fofhe kasic equation that needs to be solved is:

te N n n N T
Equation9

wheren andn are forces originated from the structural mass and damping
properties, respectively. In general, all the componerfsjirationd may depend onh and
i. Wherel is the displacemenit, is the velocity of the structure, ahds the acceleration of
the structureHowever, in the present case not all components are dependent orfiakioé
i

t¢ n OO0 i O n O 0 O m
Equationl10

The Newmark methofNewmark, 1959)s usedor time integratiorin the dynamic analysis,
the following constants are established:

. [ . P . . P . . p T r
W —hd —hw —how — h @ —h — th
0 Q e g ° i g °

® ® phd prHhod 10
Equationll

wherel andl are parameteris the Newmark methods, 1@ andi  T& worresponds to

the method of constant mean acceleration(lsaegen & Sigbjérnsson, 1979p. 258259

for details and a schematic overvié@is the timeincrement3-0. Consider a time stdpThe

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

time step. A tangential stiffness matrix 1s
at this particular time step, similar Emuationd. An effective stiffness matrix is established:

£k AA AE
Equation12

and an effective load vector is established:

an 1 71 Al N N M EA
Equationl13
where
H Al Al
Equation14
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and

Equationl5
Then solvewith respect to displacemergs:

an € 3
Equationl16

A prediction for the displacemerél has been established, it is now iterated until dynamic
equilibrium is achieved. Now:

Equation17

The following approximations fdrfi andi are established:

A Y1 OH
A Yl "H

o

“I “I y‘l

nI

Equation18

whereQis iteration no’Q Based on these approximationsifar andi , the force imbalance
is found as:

)

m n 'l

¢
=
—

i

Equation19
The force imbalance is introducedEquationl6:

yn € VY
Equation20

and a new set of approximations fér andi are established:

Equation21
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At each iteration, a convergence test is carried out. If the test is not satisfi€lis the
incremented anBquation21is run for another iteration. If the convergence criterion is
satisfied, then a new setidi andi is establisheas:

AYT H
N I ATl Al

N Yl
Equation22

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 lietestic as described in chapBt. For
information abounonlinear relatio between forces and respomselementsseechapter8.
This chapter describes the properties, load and response for truss and beam elements.

4.1 Truss and beam elemen
Truss and beam elements have several similarfttes main difference is that a truss element
doesnot have bending resistance.

This section presents the propertésruss and beam elements in AquaSim. These properties
are given by the user lquaEdit. 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 sy$tentiruss and beam the local
coordinate system is defined by having the origin in fodend the localsaxis runs from
nodeA to nodeB, as shown ifrigure®6.

Node A X Node B

Figure 6 Local coordinate system of a truss or beam element

The coordinate system is an orthogonal coord
location of the local yand zaxis is defined by the location of a virtuairthnode (Point 3).
Point 3 is further described in chapte?2
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4.3 Stiffness matrix for truss element

Truss elements can take axial forces only. Consider a structade! where each node has 6
degrees of freedom with a truss connecting two nodes$igas=7. The origin of the local
coordinate system is defined in node 1, withxis running from node 1 to node 2.

Translatory degrees of freedom

Vi Vg
| f y T/""z T/Vs
> FV.‘ o i

z

X

Node 1 MNode 2

Rotational degrees of freedom, rotations about respective axes

z Ve Viz
T&. [ i

X
Vy Vio

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

The vectorai-vs is defined as translation in node 1 # % and zdirection, respectivelyus-

Ve IS rotation in node 1 about the, ¥- and zdirection.v7-vs is translation in node 2 in-xy-

and zdirection, respectivelyio-vi2 is rotation in node 2 about the, - and zdirection.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 leasilsxalways goes from node 1 to node

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

in Equation23:

D
[EY

Og

u
Oy
ou

@D~ (D~ D~ (D~ (D~ D~ (D~ D~ D~ (D~ (D~ (D~ (D~ (D~ D~ (D~ (D~ (D
o
O O OO O o o o o o o o
O O OO O O oo o o o o o
O O O O O O O oo o o o o
O O O O O O O O o o o o
O O O O O O O O o o o o
O O O OO - OO0 O O O p
O O OO OO oo o o o o
O O OO OO o o o o o o
O O O O O O o o o o o o
O O O O O O O oo o o o o

O OO0 OO B OO0 oo

Equation23
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whereE is E-modulus A is the crosssectional area of the truss, dadbs 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 resistanbertding. The stiffness matrix for beam elements
can be expressed as (see @Bgrgan, Larsen, & Mollestad, 1982)d(Halse, 1997)

e EA

L — 0

g o

e o 12I53IZ

e

é

€ o0
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e 0 0
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Equation24
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wherely andl; is the second area moment of inertia about the lecahg zaxis.Area
moment of inertia is further explained in chaptes.

4.5 E-modulus

E-modul

us

or

El

ast

c

mo d u |l

us

(E).,

al

SO

known

measure of the stiffness of an elastic material. This is a mechanical property of a nitaterial
defined as the slope of the stresg r ai n
Figure5. In soid mechanics, the slope of the stresgin curve atray point is called the
tangent moduluslThe tangent modulus, in the linear portion of the stsésn curve, is
equivalent to the Elastic modulugeferring toFigure5, this is the part of the curve up to
yield point (B).

curve

n

t he

[ s g e

wher €

In AquaSim, if a component is not explicitly modeled with a nonlinear relation between stress
and strain, the relation is lineafastic.For linearelastic behavior he stressg is found as
»  Os where- is deformation.
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4.6 Shear modulus G (shear)
The Shear modulus or Modulus of rigidity is denotedA&for the Elastic modulus, the Shear
modulus is a quantity measuring the stiffness of a matérialdefined as the ratio of shear

stress to the shear strain. It is connected to the Poissoh rayio
. O
o0 —
Y

Equation25

whereyzis the plane of the cross section of the element. Truss elements have no shear
stiffness. For information about Poisson ratio, please se@/Milgpedia, 2020h)

4.7 Cross sectional area

A cross section is the intersection @@ object from the position of a plane through the
object. When cutting an object into slices one gets many parallel cross sectionaoBed?2
elements in AquaSim, the area, or cresstional area, is the area of the object sliced in the
yz-plarein anorthogonal coordinate systeand the xaxis 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,

Area moment of inertia, also known as the second moment of area, moment of inertia of plane
area, oisecond area moment, is a geometrical propelnigh defines the resistance of a cross
sectionto withstanddeflection

As an example, a filled rectangubaea with a base width @fin the local ydirection and
heigh hin the localz-direction has an area moment of inertia of:

PC
Equation26
wherely means about the-gxis, and
o 2°
(US

Equation27

wherel; means about theaxis.
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4.9 Area moment of inertia, torsion I;

I[t] or It 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 laxislas

shown inFigure8.

Figure 8 Torsion motion, from Wikipedia

A beamds resi st abyEquation®dd t or si on i s gi ven
0] —_—
a
Equation28

where G is the shear modulus, as giveRqguation25. It is the torsional resistance akds

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

same as polar"®area moment of inertia.

4.10 Volume

Volume is the quantity of the thremensional space enclosed by a boundary. In AquaSim,
the volume is given as cubic meter per medesf& . 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 Q¥H  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 voliomealculation of buoyancy.
Based on this the relative weight in water is found from thide (3).

Note (3)

The weight assigned to the element should include all weight carried by the element. If a tub
filled with water this means the element glai should include the weight of water in addition to
mass of the tube (calculated from mass density given as input). For selected predefined cros
section, AquaSim provides option for filling of water. For more information, reference is madt
the AquaEdit User Manual.
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Utilizing the AWeight factor for slammingo c

sl ammi ngo, AquaSim assumes that the object i
when below the instantaneous water surface.

Mass deaity refers to the quantity of matter in an object. More specifically, inertial mass is a
guantitative measure of an objectds resistan
the crosssectional area and the length of the element to derivdaimert mass. In AquaSim,

mass density is the mass per meter divided by the seational area.

4.12 Pretension, prestrain

The definition of pretension in AquaSim is gain. As an example, 0.01 means that the
element is assumed stretched 1% at the model configurbiiod@.(4) The axial force is
found as:

6 06a & O0'YOra 0'YO
Equation29
where:

- 0 is axial force

- Ois Elastic modulus

0 is the crossectional area

- 0 'Y '® the prestrain in the element, given as input in AquaSim
- & 0 'Y ® theinitial length before applying the pretension
ais the lengthafter applying pretension

Note (4)

It is possible to apply negative ps&rain as well.

4.13 Mass radius
Mass radius is the average mass radius with respect to rotation about thealkisal x

Page25 of 128
AquaSim 2.7
Aquastructures AS



aquastructures

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 therel@mging 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 AgSim is the factor the mass and stiffness matrix are
multiplied with respectively to obtain the damping matrix caused by Rayleigh damping:

0Y 06 D 06
Equation30
where:

0 "Ys Rayleigh damping
0 is mass proportical Rayleigh damping, Rayleigh damping (mass)
- 0 is the mass matrix
0 is stiffness proportional Rayleigh damping, Rayleigh damping (stiffness)
0 is the stiffness matrix

0 ando are the parameters given as input in AquaSim.

4.15 Shear stress, shear area

Shear stress is a stresmmponent parallel to an imposed force. For a rectangular cross
section, the shear stress will be distributed as shoWwigure9. Here, the shear stress is
denoted S.

— b —
d ¥ 5
I N v
Figure 9 Shear stress distribution of a rectangular cross section
O0Kappabé is a parameter normally set as the r
cross section and the average shst@ssIn AquaSim, the shear stress is uniformly
distributed over the cross section. hdyi r ect i on, the shear stress

and O6Kappadiegion. i n t he z
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Axial force is acompressive or tension force actinghe tengthwise direction of an object. In
AquasSim, this is the force acting in the direction from node 1 to ned@2 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 momenis the reaction in a structural element when a force or moment is applied to
the element, causing the element to béndments and torques are measured as a force
multiplied by a distance. The unit is Newtoreters 0 & . For linearelasticresponse, the

stress distribution caused by bending moment is showigure 10.

1Y

cOMpression

neutral axis

C

nTm

tension

Figure 10 Stresses in a beam caused by bending momenthm/eross section

4.19 Torsional moment

Torsion is the twisting foan object due to an applied torque, expresséteimtonmeters
0 & . For a beam in AquaSim, this means torsional moment is moment about thedatsal x

as shown irFigurell.

P

ELASTIC CORE
FARTIAL PLASTIC

SURFACE READY T3 “IELD

PLASTIC SHELL

FULLY PLASTIC

FPARTIAL ELASTIC

Figure 5 Torzion Stress Distributions

Figure 11 Stress from torsion
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4.19.1 Wind load, response to wind
See chaptet.21.10for detailed descriptiorWind 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, 1956)as hydrodynamics{rip theory) This chapter describes

the Morison load formulatiorhe equation for load introduced by the Morison equation is

given byEquation31. The crosdglow principle is utilized. The forces in the localyrection

will be:

.~ 6 0oQwa , — — , o e e s e
Ofo V] o U o U P OW W LW oww LU
\ J | J \ J
| | |
Dragterm FroudeKriloff Added mass
diffraction
Equation31

where

0 is the drag coefficient in the localdirection This corresponds to theputé Dr a g
coefficient Y& in AquaSim

- 6 U 0 U isthe relative velocitpetween the element and the fluid
in the cross sectional plane

- '0"Q as the diameter of the cross section on the direction of the relative velocity

- 0 0 0 , Whered is the fluid velocity due to waves, and
0 is the current velocity in the localdirection

- U isthe veleity of the element in the locatdirection

- is the fluid acceleration in the localdjrection

- 0 wis the added mass coefficient, also in the loedirgction See e.g(Faltinsen,
1990)

In Equation31, the first term is recognized as the Dtagn of the Morison equation. The
second ternms the combined Froudeériloff - and diffraction part of the load. €lthird part is
the added masSimilarly to Equation31, the external force in the localdirection is derived
by substituting the~girection with the airection:
~ 6 00vda , | ————— e
Ofou 0O U o0 v " p OWWULULW " o0WwWw LU

Equation32

4.20.1 Added mass coefficient

Added mass coefficients are given explicitly for th@gd zdirection in AquaSim. The
parameters given as input to AquaSim are the parameters recognizéglaaxli0 ©in
Equation31 andEquation32. Note also how the added mass term also contribute to
diffraction load in the Morison equation (see the second tegiration31 andEquation
32).
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4.20.2 Diameter for drag, drag area
In Equation3, 0" Q0@ or r esponds to ¢6Diameter ®Qdbd dr ag
in Equation32c orr esponds to O6Diameter for drag Z6 i
direction of the relative velocity® "Q ¢is found from the inpu® "Qw @ndO "Q® with the
assumption thahese two diameters represents the largest and smallest diameter for an elliptic
cross sectionThe drag diameter is equal to the physical diameter where the drag load acts.
Note (5)

Note (5)

0 "Q mefers to the diameter that is used to calculate drag force in the {dirakyion of the

element. If the user wants to use half the full diameter of the cross seitipty, input half the
value of the physical diameter in AquaSim.

Incase AquaSimies s ed wi t hWitthre wlpaghasimncaicilates the submerged pe
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 mathdrése 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 aoe@me objects this damping may be
of significance. In AquaSim, the user may apply this type of d@gnp elements with the
Morison load formulatioy applying coefficientin horizontad, verticat or rotational

motion.

4.20.4 Wave amplitude reductionand current reduction on Morison elements

Reductionof waves and current may occur due to shadow eff@bjgects may be situated

behind other elements, causing reduction of environmental IBadsiction 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 redudijgplying Wave amplitude reduction will

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

coefficiento and drag di ameter (ADiameter for drago
value.

4.20.5 Lift

As an alternative to drag formulation for | o
from tables of drag, |ift and| pyamwepmdmmrents. As
assumed such that the | oads ref raxtie a ulnsc al
from node 1 to node 2. For deflectors, trawl
applicabl e i nmast dsidgul d alwe spiedd aciemcecti on of
angl e

Point 3 on the el emearaixs sdeci degs ewh eédthee atAlBe i Ind
the part of the fl owzphanhbkb® cCcesodsr gexesonbbn
The par aAgeutacShienu i f be tested ftohe recsefofnisei. e tn:
gi veaangal e s . I n between given angl es, l i near |
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outside the gi-ophi ontesvabuddd h &rddb & inmomMdo/vanc e
I nuA&diltnput parameters to |lift are:

Input type: input may be given in Radians or Degrees

- Direction of lift: positive direction for an element (corresponding to O degrees angle of
incident flow) is along the localaxis. 1 means the lift direction is in accordance with
a normed spacel means the inverse. This parameter may also hold the-2alin
this case, the rotation direction is opposite, but not the defined lift direc3iomeans
that the lift direction is defined opposite, but not the angle.

- Diameter: chord diameter the coefficients are multiplied with.

- Angle: sets if there is aangle between the inflow and the locabxas if the beam. If

angle is 0, the localaxis defines the-@ngle flow direction to the beam in the cross

flow plane. It is recommended to use 0 angle and direct the kaoas 20 be in

accordance with this.his 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 crosfow plane relative to the locataxis.

- Cd: dragcoefficient in the direction of the flow.

- LiftCoeff: the lift coefficient. Factor for force 90 degrees to the fthrection in the
crossflow plane.

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

Running analsiswith lift, a test of coefficients should be carried out to validate that
coefficients are correct and have the correct gBerstad & Tronstad, 200®yesent a case
for towed seismic equipment where lift elementsagmglicable for trawl doors.

4.20.6 Weight factor for slamming

|l f a cross section is wat er f adjudttheéhnet he o6 Wei gh
waterline to beproportional to the outer waterlink the element is submerged, the inside

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

The O6Weight factor for sl ammingé shoud d be a
filled volume (compared to total inside volume) is given as input.

4.20.7 Use visual crosseaction as slamming
Not an available option for time being.

4.20.8 Wave- and current induced viscous drift force

The extrameanforce due to waves and current is often referred to as viscous drift force. This
type ofdrift force is automatically included in the AgSim analysis when applying the

Morison load formulation.

4.20.9Wind load, response to wind
See chaptet.21.1 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 ternfgdiation31 andEquation32is

considered. The Froudériloff and the diffraction loads in the Mos equation are

calculated by strip theory. Also, the added mass is found by strip theory, such that the added
mass coefficients of the &é6Drag |l oadd is omit

Using the hydrodynamic load formulation, hydrostatic stiffness in heave and roll are
calculatedbased on the input of the section shape introduced by the user. Added mass,
hydrodynamic damping, Froudé&iloff and diffraction forces are calculated strip theory, see
e.g.(Fathi, 1996)and(Berstal A. , 1999)

4.21.1 Strip theory

For typical floating componenisfrom small parts such as polyester fish farm cage rings up
to large structures like bargésydrodynamic load formulation may be applied. In AquaSim,
formulationmust be applied to horizadtelements with penetration of the water line.

Figurel2 shows a square boxed fish farm cage in black to the left, and a barge to the right.

The blue | ines indicate how these structures
boundary value probte is solved for each strip. Linearized means that the boundary

conditions are applied at their mean positions (sedfafjinsen, 1990Lh. 4). A linearized

boundary value problem is solved for a single frequency wave arel lvesding.

Floater

|:> Strip theory is applied along each
Element alog ring or barge.

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 &ndudeKriloff components are derived for each
individual frequency in the wave spectrum, &at¢h wave heading.

The geometry of each element subjected to hydrodynamic loads, is descriesy
section atach nodeThen the cross section megry along the element. For elements with
constant cross sections (typical barges), the two sides are equal.
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The FroudeKriloff force and diffraction force is calculated as follows:

- The midpoint ofanelements derived for the given time instant.
- Theangleof t he el ementds | ongitudinal direct.i
- The relative angle between the element and the wave angle in the global coordinate
system is derived for each considered wave frequency component.
- FroudeKriloff forces are calculated at the instantane@asitionof the vessel relative
to the waves, whereas the diffraction foilceomputed by interpolation of the pre
calculated diffraction coefficieat

4.21.2 Hydrostatic force
In hydrostatic terminology, gravitational and buogw forces are referred to as restoring
forces.The stiffness matrixlue to restoring forcé&Q |, is given as:

0
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Equation33

whered s the cross sectional (2D) waterplane area. For a beam element, the stiffness
component of rotation about the locahxis is also accounted fab.is the displacement, and
"O0 is the distance from the transverse metacentric height of the elentieatcenter of

gravity of the element (see e(§Vikipedia, 2020c¥or definition of metacentric heightd
is found as:

Equation34

whered is the center of buoyancy calculated by AquaSim based on the (2D) vebums.
thesubmerged voluméO is the 29 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 AguaSim,w is calculated based on the hydrodynamic cross section defined under

O0El ement | oads.iNota(f.dn AQUASN, the Watertine is debnedct TTin

the global coordinate system. OWaterline Z6
the hydrodynamical cross sectidhé Wa t e r | i, AyuaSid éalcudtesw based on the

drawn cross section. Applyingegativev al ues t o o6 Wat erihcieasedo Z6 cor r
and hence more buoyancy.

Note (6)

The 61 n ftabrfomzedam eemedts enable the user to draw a visual cross section. For
hydrodynamic | oad formulation, this cross
hydrodynamicé to include the visual Cross

"0in the"OD s the center of gravity in the cross section, also referradso 6 Mass cent er
should be noted that the O6Mass cae@iwhiathd of th
same coordinate system as OWaterline Z6. Me a

mass center is 5m, the mass center is in the watewhen calculatingd0 .. Other
properties in the analysis, such as linearized diffraction force and added mass, is calculated
based in the submerged volume and the | ocati

When an analysis model is established, there might be a discrepancy between the waterline
and t he b e anNbtethatwhenapplying hgdrodysamic load formulation,
AquaSim isadaptedor 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
| ength coefficientd. Wh e thewaterdinefthelfattor $heutddpeg h o f
1. Reduced factor corresponds to reduced length of section intersecting the water plane.

Figure13 show an example of how to agphe 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 rendeof the same pier with pontoons, modelled as one continuous beam. Applying

a 6Hydrodynamic |l ength coefficientdé of 0.3 w
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 édhydrodynamic | ength coef

4.21.4 Neutral axis Z
The O6Neut r adistancr bhesveend ihe aleessn ttéhse | oc al coordinate
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 thialpyp | yi ng t he par amet

rol | d ¥isepus nolgdémping is calculated as follows:
O 0 ” 0O 0Q
P

Equation35
whereo is the 2D waterplane ar€a, is the density of wategndd'Q is theviscousroll
damping coefficientO is a factor depending on wave height and current velocity

(@) I AGADGR Iwxh
Equation36

whereu is current velocityp is max wave velocity (which is proportional to the wave
height).

Consider the formula 7.26 {fFaltinsen, 1990)

"0 ?6 QPO
Equation37
where O describe the normal force on a bilge kesinddaare the length and width of the

bilge kee] respectively. By linearization &quation37 and limit the equatiorota 2D
problem, then:

0 —8d® ©
C
Equation38
Consider the corner of a vessel, whére is the width of the vessel:
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Equation39
where%o is a velocity potential for rotation about thexis (i.e. roll motion).

Assume the bilge kee&lidth is the part of a square vessel, then:

"onéa) 'ea)fy
C ¢ P ¥

Equation40

The 2D vessel widthp , corresponds to the same as the 2D water plane area of the
vesselp . This gives:

”

5
O ?6 - D o

Equation41

When we introducé 'O , and the fact that rotlamping is defined as a force

proportional with the roll velocity, we see tlaquationd1 corresponds t&quation35. Note

that there are many approximations in this linearized equation. The afral damping is

due to drag forces, which result in a force proportional with the square of the relative velocity
between the fluid and the objabe fluid forces are acting omo make a more physical

correct assumption, one may model the bilge keadccentric beams longitudinaltjose to

the lower corner of the vess&he 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

t he O n o roachapplicatdm nzegning the damping willdueadratic.

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 witteducedvave amplitude aridr current. Read more about it in
chapter4.20.4and(Aquastructures, 20219)

4.21.7 Horizontal components of hydrodynamicforces only

The option OHorizont al components of hydrody
hydrostatic forces and vertical hydrodynamic forces. AquaSim then sets these components to

0. In this case only horizontal components of the hydrostatibyahrdynamic forces are

accounted for.
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4.21.8 Forces and load direction

AquaSim account for hydrostatiand 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 beanfut notnormal to the cross sectiogfigurel4illustrate 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 secondanyarsaerse of

the longitudinal direction of the vessel hull (i.e. in the direction of the green @ikes)ength

of the transverse beam should be equal to the width of the stee(7)

Cross section

Figure 14 Direction of load perpendical to cross section

Note (7)
I n this case, overlapping elements wil/ o]
of the object. To overcome this, sel ect t

the transverse beaefement.

4.21.9 Wave drift

AquaSim has an option for calculating wave drift loatiere the hydrodynamic load
formulation is appliedThis optioni s ¢ al | e dalcdldies anfater@age ariit ebrce based
on conservation of momentum according to Maouro ¢sg€Faltinsen, 1990Q) The drift

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

0 8
C

Equation42

where0 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 correspondsttanay response
period, it might be of importancAquaSim accounts for the variation on drift force in

irregular sea. Further details on theory and validation of irregudae, please see
(Aquastructures, 2019b)
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Theamp i tude of the reflected wave is found aui
toggl ed on.Améuntofdriftlappled i ngi 8 ampl i tude can be
1% corresponds to 1% of the incident wave, and 50% corresponds to 50%ncfdaet

wave, and so on.

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

el ement . Il n case waves are not perpendicul ar
intercepts the water, the drift force is correctgd b

'O O Q&
Equation43

wherg 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

Equation43 (corresponds to equation 5.22(kaltinsen, 1990)
i~ 1 Y®d i
° 0P T

Equation44

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 provid@umastructures,

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

the O6Horizontal components of hydrodynamic f

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 elemeNbte (8)

For beams, two wind typesin be selected: Type 1 and Type 2. The difference lies in how the
wind-exposed area is calculated:

- Type 1: the wineexposed area, and drag coefficients is based on the input made
available when selecting Type 1 from the ddmavn menu.

- Type2:thewindgxosed area is calculated from wha
dragé, and the drag coefficients found un
menu.

For regular wind (constant wind), the wind profile is calculated accordi(@qteastructures,
2021b)Ch. 2.1.1.

Irregular wind (wind gust) is calculated accordM@RSOK NOO3 described in
(Aquastructures, 2021b)

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

” 6 o .
O oY o
C

Equation45
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” s the density of air (=172kg/n°), 6 is the drag coefficient of the surface, @nib the
area of the surface.

Note (8)

When Water volume correction: With slamming is applied, AquaSim will automatically detieet
element is above, or below, the water surface and inclaldalationwind forces if it is above.

Applying Water volume correction: With slamming, AquaSim will include Wind Type 2 if the W
force box is ticked off in the Edit beam window of AquaEdit. The wind fetch area is then calcu
based on the input area from Diameter for drag Y and Z.

4.22 Point 3, node 3

Each beam and truss el ement have -axis®®rmii nt 30
3 is defined as being in the positive halfplane on the locplatze, where the-axis run from

node 1 to 2For beam elements, with hydrodynanoad 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 seguréils.

Figure 15 Example of two elements hinged together

In AquaSim, a hinge is introduced to one of the elethent nirdrddacing 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 coordinatsteyn is applied to the hinge). The locale coordinate
system i s introeuwctead ebdy hc hnogoesdi.n gl hée@haczo or di nat
axis is defined in the Hing@indow in AquaSim. If a caotated hinge is chosen, the

coordinate system of therfge 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. Meamitrag etdh ati n@@® i s often introducec
local coordinate systemitially 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 elefent

winching out, extra elements are added during the operation. One may wirgeidout
introduceas 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 thenput.

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 beantigure16 shows a simplified case with a valve opened at the bottom of the
Cross section.

‘ ‘ Patm
I
Pint > patm

! ||

Valve with area A Pext

Figure 16 Principal sketch for valve in AquaSim

As seen in the figure, there ihaight difference between the external surface and the internal

surface. Applying Bernoulli6s equation to th
(velocity of the outside fluid)
n " Q0N N
Equation46
where” is the water density (=1025kg#jrand"Qis the acceleration of gravitiQis the
external heightand'Qis the internal height}  is the internal dynamic pressure calculated
from hydrodynamic theory} is the atmospheric pressuBee r noul | i 6 s equati o

pressure from the outside to the inside of the valve:

nooop o Eu o

Equation47

wherev s the local friction in the valve. Combinirigguation46 andEquation47 provides:
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p v g"U O QN n n n
Equation48
where
n O QN n n
Equation49

The velocityy can then be found as:

‘ cn
U * ”
p U
Equation50
Consider now) . This pressure depends gn which is unknown, so we need to find

this. The other terms iBquation48 are known. The amount of water passing through the
valve d a given time instant is:

Equation51

whereo is the cross sectional area of the flow. The insidae#dgo be moved from the air
filled inside the container to the outside atmosphere. To obtain this, the following has to be
fulfilled:

Equation52

We assume that both the air and the water act as incompressible fluids. Continuum means that
theflow of air out of the tube must be equal to the flow of water into the volume. This means
that:

Equation53

The air outlet is a tube with a length typically in the range ef@Dmeters. Consider the

time instant when the valve (for water inlet) is opened. At that time instant, the air outlet is
alreadyopen,and the inside pressurefis 1 . Then the inside pressure will rise to a

level that drives an airfoo hr ough t he air tube. Applying
inside the tank to the atmosphere, the flowing equation is derived:

‘ : ,‘Q.Y.Q_d P, . ‘
V) - U
n Y 0 C n
Equation54
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wheredis the length of théube,Qis the diameter of the tube affdY Qis a function
dependi ng on t h(@Eeefyargld)al islOfrction avefficient, which is
different from 0, only if there is a valve in the tube.

IntroducingEquation54 to Equation48:;

&
0 0 ?”L‘) P D QL p U OYeS S 0

N O

Equation55

The Reynold numbeéY Qs in this caséy Q ."QY Qis friction as a
function of Reynolds number. A typical relation is showlrigurel7in terms of a Moody
diagram. Ier laminar flow@ #Y (s used. For turbulent flolR'Y Qis set to;—_. Then there

is a transition phase between laminar and turbulent flow. In this pBag&is linearly
interpolated between thé (humber given as input to mark the higti¥ Gor laminar flow
and theY (value that is marked as the low&stwhere turbulent flow is applicable.

Moody Diagram

0Ly — T R TTT T
0.09r -\ | Tramsition Region  § & i i iiii

0.08f-ch- - ek St Trapsition Reglon L1 .
LN T L L 0.05

0.07f+ .
- = 0.04
0.061 : = 0.03
0.05}+ =25 0.02
| +0.015 =3
0.041-- )
3 : o001 2
SO =5
o S e H0.005 2
= Laminar Flow | | Akt -~
S i Y 0002 5
' R ' [ e
goop g LI
I'-: % ‘ Material & (mm)| | ; ; 5x10-4 g
0.015 | 77 Concrete, coarse 0.25 O _4O'Q
! Cnm.‘rc::.n:. new smooth 0.025 o 2x10 g
i Drawn tubing 0.0025 il 104 o)
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0.01 L Tron, cast 0.15 5x1072
: B Sewers, old 3.0 e
[ 7 Steel, mortar lined 0.1
74: S:F‘(‘l, rus;t.:‘\fl 0.5 He--to doLddad 4 Lododobigdiooooo :,E, 10_5 6
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—_3—. \’\':all er :1min>‘-_ Ul(li i ¢ ‘ ‘l.f.' [ _3_ T ‘P‘Illlf"lt%(l)n Fa(:'lt-or: 7. ;::E’(Iill %.}) ' Smooth Plpe E i ! ,_ < '\':':’ i)()*ﬁ
10° 10* 10° 106 107 108
Reynolds Number, Re = %
Figure 17 Moody chart(Wikipedia, 2020d)
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4.25.1 AquaSim parameters for valve

B3 Valve

E valve
Name Valve ]l
Reversed []
Backtrack Only flow inward
Time before filling 0s

E Details
Valve diameter 0.0 m
2D volume 0.0 m~2
Weight of water in element 0.0 kg
Fill status 0.0 %
Artificial overpresure 0.0
Length of tube 0.0m
Diameter of tube 0.0 m
Reynold upper 0.0
Reynold lower 0.0
Friction coefficient K1 0.0
Friction coefficient K2 0.0
Density air 1.25 kg/m~3
Friction coefficient for abr... 0.0
Viscosity air 1.5E-5 m~2/s
[ ] Shape active Edit shape OK

Cancel

Figure 18 Input parameters for valve in AquaSim

The input parameters are set for the element the valve is attachiée properties are:

Table2 Description of input peameters for valve in AquaSim

Parameter
Name
Reversed

Backtrack

Time before filling
Valve diameter

2D volume

Weight of water in element

AquaSim 2.7
Aquastructures AS

Description

Name of the valve, set by the user.

If not toggled, then the valve is placed at the eleme
first node (node A). If the user wants to apply the
valve at the other node (node B), the simply toggle
option.

One maychooseb et ween 6Onl y f|
possibility of the flow
ways o.

Time instant where filling starts, in seconds.
Diameter of valve opening, accordingEquation51.
Valve area is calculated from the diameter based o
circle.

Defines the maximum allowed volume per metater
it is possible to add to the element.

This is the weight of water being stuck in the first
element before spreading to the next element. Whe
filling, it is assumed that the first element is filled to
capacity beforevater spreads to the next element.
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Fill status
Artificial overpressure

Length of tube

Diameter of tube

Reynold upper

Reynold lower

Friction coefficient K1

Friction coefficient K2

Densty air

Friction coefficient for
abrasiveness
Viscosity air

AquaSim 2.7
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The fill status when the valve opens.

It is possible to apply an overpressure in cases of
blowing out water from elements.

This is the length of the aiube out othe element to
be water filled. Input in meters. This is the tube
connecting the air inside the component being fillec
with water to free air. The smaller the tube, the mor
friction and slower filling.

Diameter of the tube out of the Blent being filled
with water. Diameter of the tube from the
abovementioned point.

The upper limit for laminar flow. This is for air flow
through the air tube.

The lower limit for turbulent flow (this number is
higher or equailo the upper limit of the laminar flow,
it is interpolated with). If this number is set lower thi
the upper limit for laminar flow, the upper bound for
the laminar flow will be set as also the lower bound
the turbulent flow.

In the case there is a valve in the opening where se
water flows into the element, this coefficient is usec
In the case there is a valve in the tube leading air o
of the element being water filled, this coefficient is
used.

The default value is set to 1.25kd/rithe user may
adjust this. The value is collected from Wikipedia.
Coefficient applied to the air tube. Depending on
implemented theory, see above.

Theviscosity of air. Default value is set to 1:-BB.
The user may adjust this. If the value is set lower tF
1.0E-06, then AquaSim apply 1.086.
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4.25.2 Catenary slope

Catenary mooring systems are most common in shallow waters. The systéypically

take the form of a free hanging line, with a part laying horizontally at the seabed. This is
illustrated inFigure19.

The Create Catenary slope, in AquSithgwas to create catenary mooring systems based on
user defined parametei®o create a catenary slope, the user must first create a guideline. The
guideline is a straight line XZ- or YZ-plane andlefines the starting point of the slope and

the verticalevel of the endpoint of the slopEhe input parameters are set for the selected
element. The properties are:

Table3 Description of input prameters in AquaSim

Parameter Description

Force The force applied to the mooring liagéthe 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:

Equation56
where

- "Ois the force applied to the mooring line,

- Owater depth plus distance between seabed and fa{Aep@Sim automatically
detects this by the vertical distance between the upperarastower most node of
the guideline)

- U density of the mooring line when submerged

F

Fairlead
r‘
‘!

Seabed «+—"" -

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

AquaSim have a-hoded element representing a rectangular part of a net as shbigaore
21 The element can be at any shdpé the element assumes a twine folldlesedge of the
element.

5.1 Local coordinate system

A net element has a local coordinate system withythendZ- axis in the plane of the

element as seen Kigure20. This is automatically defined by the geometry of the input, such
that the locakZ- axis run from nodé\ to nodeB on the elemenilThe localZ- axis run from

node B to C on the elemeifor the side of a net this means that when results are taken from
AqguaView in terms of O6Forces in horizont al
respectively this corresponds to actual vertical and horizontal twines. In general, the user must
evaluatenvhether this is the case by evaluating where odadB is on the element.

Z C D

L.

Figure 20 Membrane element ingiaSim

5.2 Structural properties of membrane

5.2.1 Mask Type 1

The element represents the number of twines crossing the condideréds an example, if
the distance between node 1 and nodeRigare21is 1 meter and the halfmestze is 25
mm, 40 twines will cross perpendicular to the line between node 1 and 2.

Figure 21 Net membrane element in AquaSim
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