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1 Prerequisites
The tutorial presents a simple case study with the purpose of demonstrating functionality in AquaSim.

It is assumed that the user is familiar with the basic principles of modelling and specifying material
parameters in AquaEdit, as well as conducting analyses. If you are looking for an introduction to AquaSim
we advise you to start with the Basic program tutorials.

2 Case study — Wind

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

- Understand the opportunities that are for wind loads in AquaSim
- Specify wind load parameters
- Run analysis that includes loads from wind

2.2 Introduction

There are several component types in AquaSim. For most it is possible to carry out analysis with wind on
these components. Some component types have even several options on how to introduce wind. Wind loads
may be applied to account for any part of a system being in the air, which can be utilized to find response in
systems that are exposed to wind. This can for instance be a wind turbine, as shown in this figure. This is a
model of an offshore wind turbine, moored in a classical frame system with floaters, and turbine blades.

Figure 1

Theoretical formulations for wind loads are found here: https://aquasim.no/files/validation/TR-FOU-2328-
4 Revl.pdf
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23 Beam - Type 1(mean wind)

2.3.1 AquaEdit

In this first example we are going to look at wind type 1 for beam elements. The basic assumption for wind
type 1 is that the elements in the component group represents a ship shaped structure horizontally in the
water line. This type of wind is supposed to represent wind fetch on parts of the hull not being modelled, but
where there is an actual wind exposure.

Open the AquaSim model WindTypel.amodel that is associated with this tutorial.

B indpetamodel - A

- a8 x
Fie

Grid [fxis [Membranes| Shapes Crossection| bormals Snap B (I L B & & [0 B BpotCpymedel Bl DB @ EL,OBHED /X4 =L 00 4RO

Selection model Mixed . Al

O Additive selection
=

Node

Narme n

Location <100, 0.0,0.0> ..

DOF CLISCT T |

povwery 0 v

<10.0, 0.0, 0.0> LIS 1.1}

[Pointer]
[Pointer] Click to select nodes or
elements.

New companent

%100 ¥0.0 200 O |25 |06 0000 | Snapmedifier 1.0 [ {Peiner] Cick t ssbect modes ox slemenis

Figure 2

A simple one-element beam is modelled along the x-axis. One of the nodes are fixed, except for the z-
direction. Options for including wind is found in the Edit beam window. Doble click on Beam in the
components window and go to the Elements-tab.

B4 Edit beam: 1 Beam x

Information Z (width) 0.0m
Material / section prope | B Advanced
Stress calculation Wave amplitude reduction 0.0
Current reduction 0.0
Advanced Longitudinal drag coefficient 0.0
B Bwind load
B Wind type
Wind type Type 1 LI
B Wind fetch
Max Y height 10.0m
Min Y height 0.0m
Max Z width 0.0m
Min Z width 0.0 m
B Drag coefficient wind loads
Y 1.2
z
Crossection
® Symmetrical (] Asymmetricends © A B Scale Move
2.0000 1.0000 4,0000
2.0000 -1.0000
Iz,oooo I:l ¥
-z

Cancel

Figure 3
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Wind loads are activated by toggle on the checkbox for Wind Load. Then a menu with sections for defining
the Wind type and Wind fetch becomes available. From the drop-down menu in Wind type, select Type 1.

Wind fetch defines the area that is exposed to wind. This can extend further than the element size itself. The
Max Y height, and Min Y height means to set wind fetch transverse to the element direction, in the
horizontal plane. Max Z width and Min Z width is useful if the ship rolls. Then the deck also can be
exposed to wind. Drag coefficients for the wind are set here fore y- and z-direction, see the section Drag
coefficient wind loads. Apply the values as given in the figure above. Select OK.

The wind velocity itself is defined in the Environment window in the Export menu.

2.3.2 Analysis
Open the Export menu and select the Normal-tab.

Mean wind can be defined in both x- and y-direction. In the load condition line, these are identified as
wX[m/s] and wY[m/s]. In this case study, a mean wind velocity of 30 m/s is applied in the y-direction. A
logarithmic wind profile is assumed, and it is the 10-minute mean wind, 10 meters above the mean water
line that is the input.

Ed Environment x

Normal" Directional * Wind gust > +

Figure 4

a Nr Amp[m] T[s] V[deg] oX[m/s] c¥[m/s] wX[m/s] w¥[m/s] Comment Group
] [ 1 | 0| 1| 00| 0/ 0| o| 30| 0
Add Edit Delete Import Generate irregular sea Generate irregular wind 0K Cancel
B Time serie [ JTEXport groups
Preincrement 5 Automatic grouping 1%
Max iterations pr step 1000 @ Delete AVS files after run
Num total steps for waves 0 . .
Num steps for one wave 20 @ Analyse immediately after export
Convergence criteria 1.0 O Enable low priority processes

Change dynamic convergence c... 0.0 [ Omit PFAT files from analysis

Current reduction type Deformed by current and waves ﬂ 8 Verify model when exporting

Infinite depth a . )

Depth (wave profile) -1.0m O Split file by timesteps 100
O Cresting wave factor 0.0 ) Extract timestep range

B Bottom

Bnttom_rontact

|aquasim_2_18_rc3.exe ~

Ay Export

Go down to the Time serie section: mean wind is applied in the initial static steps in AquaSim. We leave
Preincrement = 5 and set Num total steps for waves = 0. In this way, only the static steps will be

considered.

To start the analysis, select Export in the lower right corner of the Environment window. Save the analysis
a suitable place and Start the analysis. We have named the analysis typel _mean_.
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Note: if you run the analysis in batch-mode, the CMD window will appear and view the status of the
calculated steps. This is the same text that will appear if you select Show messages in the Analyse-

window.
£ Analyse - O X
Run location: Local ~ Download all
Ml typel_mean_01.txt: finished Finished (00:00:01)
I ——
Show messages Open
Start all Open folder Create max out Close

Figure 5

The analysis should be finished within seconds. Open the result file in AquaView through selecting Open
from the Analyse window.

2.3.3 AquaView
In AquaView, we choose to view the shear force in y-direction. Select Result > Local section forces >
Shear force Y [N].

local section forces Add series

B on =

Step no. 1

0B

Local seston farses > Shaae foree ¥ (]
Component (1): Beam
Element number: 1 (Length: 10.00m) Step no. 5
Position of node A (1): 0.00, 0.00, 0.00
Position of node B (2): 10.00, 0.00, 0.00
X: 0, Y: 0.00

Show cross-section
I

-14523.13

Figure 6

Wind is linearly increased from zero to its full value according to the number set in Preincrement in the
Export menu. Therefore, the shear force is zero in the first analysis step. It is fully developed in step
number 5. Ok, so this was mean wind for beams with wind type 1. In the next section, we investigate wind
gust.
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24 Beam - Type 1(wind gust)

Go back to your AquaEdit model. Options for applying wind gust, or irregular wind spectrum, is also found
in the Environment window in the Export menu, select Export. We have prepared a wind gust spectrum in
the tab named Wind gust. When a wind gust spectrum is applied the sections wX[m/s] and wY[m/s] will
come out grey in the load condition line.

In AquaSim, the mean wind is the basis, and wind gust are applied upon this. First, one need to establish a
wind spectrum. This can be done through the Edit selection.

B4l Environment x

Normal * Directional * Wind gust * +

a Nr Amp[m] T[s] V[deg] oX[m/s] cY[m/s] wX[m/s] wY[m/s] Comment Group
1 0 1 0.0 0 0 0 30 0
Add Edit Delete Import Generate irregular sea Generate irregular wind oK Cancel
| B Time serie [TEXpOrt groups
Preincrement 5 Automatic grouping 112
Max iterations pr step 1000 B Delete AVS files after run
Num total steps for waves 4000 . .
Num steps for ane wave 20 @ Analyse immediately after export
Convergence criteria 1.0 (O Enable low priority processes
Change dynamic convergence c... 0.0 [ Omit PFAT files from analysis
Current reduction type Deformed by current and waves ﬂ 8 Verify model when exporting
Infinite depth ] ' . 100
Depth (wave profile) -1.0m O Split file by timesteps
O Cresting wave factor 0.0 [ Extract timestep range
E Bottom ‘aquasim727187r53.exe ~| A Export
Rattom contart n

Figure 7

In the section Wind type, one can choose between Regular wind, this is the mean wind. Irregular wind
and NORSOK spectrum. The selection Irregular wind provides the opportunity the input a custom
spectrum. The NORSOK spectrum is based on the NO03, Actions and action effects.

|
8 Environment load

Wave amplitude 0.0m
Wave period 1.0s
Wave angle 0.0 deg
Current velocity (X) 0.0 m/s
Current velocity (Y) 0.0 m/s
Wind velocity (X) 0.0 m/s
Wind velocity (Y) 30.0 m/s
Miave bme. Regular Wave =l
|[ Wind type hd
Varying current Time dependent current Trregular seg Irregular wind
Nr Amplitude  Periode KVERT Angle Phase
1 1447161 300.0 | 0.403333 .0 5.38721
2 1446127 |283.450012 | 0.406667 .0 | 5.431873
3 1451255 [267.810242 0.41 .0 | 6.030645
456313 [253.030685 | 0.413333 .0 5.558386
461296 |239.063995 | 0.416667 .0 | 0.490857
466201 |225.865479 0.42 .0 1.665347 |
471021 |213.392883 | 0.423333 .0 2.565378 |
75754 201.606262 | 0.426667 .0 0.809676 |
480394 [190.467926 0.43 .0 2.260149 |
1484937 [179.942184 | 0.433333 .0 0.618866 | |
1 0.48938 [169.995361 | 0.436667 .0 | 1.882094
2 1493718 [160.595627 0.44 .0 | 1.987314
1497948 | 151.71286 | 0.443333 .0 | 4.494176
4 .502064 [143.318649 | 0.446667 .0 5.46055 | |l
.506064 |135.386124 0.45 .0 | 1.223202
.509945 [127.889893 | 0.453333 .0 | 4.433289
.513701 [120.805946 | 0.456667 .0 | 6.058992
8 .517331 [114.111618 0.46 .0 1.127984
9 0.52083 [107.785484 | 0.463333 2.671254

Add Delete Generate Plot winditstate Plot specter

Save Cancel

Figure 8
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When selecting the tab Irregular wind, one can see the pre-generated wind gust spectrum. It can be
generated through the Generate option in the lower part of the Edit window.

B Generate wind X

| |E Wind generator

Load type NORSOK v
Number of wind components 100

Seed 0

Indicator u10 |

Add wind gusts Replace wind gusts Cancel

Figure 9

In the Load type section, the spectrum type can be selected. As for now only NORSOK is available. The
Number of wind components defines how many sinusoidal components the wind gust should be
discretized into. AquaSim generates the sinusoidal components from a random number, this is the Seed. In
the last option, Indicator, you decide if the mean wind shall be interpreted as 10-minute mean wind or 1-
hour mean wind. Wind gust can either be applied upon previously generated amplitudes (Add wind gust) or
replace them (Replace wind gusts). We accept the predefined spectrum, and hence cancel this window.

Having generated a spectrum, one can Plot the windstate. Plot the spectre. Or view the Standard
deviation.

2] X

I

Amplitude(m/s)
1

40 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Time(s)
— Amplitude
| Time(s): 0.0
Amplitude(m/s): 0.0

Figure 10

We exit the Edit load 1 window and go back to the Environment window.
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In the Time serie section, we choose to analyse with 20 wind components. Type Num total steps per
waves = 4000 and Num steps per wave = 20. Leave Preincrement = 5.

241 Analysis

Let us run an analysis with these settings; select Export and save the analysis a suitable place. We have
named the analysis typel gust .

B4l Export file X
Look in: == Analysis v FEmE-

‘..-.i @typatmeani.bat

Siste ele...

Skriveb...

Dokume-...

Denne P...

File name: |typelfgusu | [ Export
Nettverk  Files of type:  AquaSim batch file ~ Cancel

Figure 11

Select Export and Start the analysis from the Analyse window. When the analysis is finished, Open it in
AguaView.

2.4.2 AquaView

In AquaView, we will look at the shear force in y-direction. Result > Local section forces > Shear force Y
[N]. When viewing the shear force as a function of time-steps, one can zoom into the graph by left click
and drag to the right.

Local section forces > Shear force ¥ [N]

Local section forces > Shear force ...

126834
445565
-8987.52

| Copy all to dlipboard ~ View local section forces  Add series

Zooming the

B (o A o
:::M graph ym
B b = |

wm  amm e s
| Local saction forces > Shaar farce ¥ [N]
Component (1): Beam

Element number: 1 (Len
1 Position of node A (1): 0.00, 0.00, 0.00

Position of node B (2): 10.00, 0.00, 0.00

X: 0, Y: 0.00

| 2 ~ AP 3 ot Show cross-section
21727.02 2 v }

Figure 12
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As seen in the zoomed graph below, there are sharp edges and fluctuations in the results. This indicates that
the wind has components with high frequencies. In order to investigate this further, we run a second analysis
with only a tenth part of the time series.

]
Result” " Sf
0.00
MIN MAX
I
Local section forces > Shear force ...
1 -1/22/.2/ |
1: -16928.68 |
Il -17077.02 |
g -17003.31
) 28 G | Copy all to clipboard View local section forces Add series
: . 3 a0
rie 4 / | o AAd
) e wom | WMy AL A SN
Laes e 'S wm‘«"www’ 2
: 2 B == e e e e
s i e | Local section forces > Shear forse ¥ [N]
. RS Component (1): Beam AN
z Element number: 1 (Length: 10.00m)
T ) P ~ 1 Position of node A (1): 2.409€-11, 2.195€-5, 2.038E-1 ot
; ¢ g ~ 1 Position of node B (2): 10.00, 0.00, 2.038E-1 Sh2
i a5l X: 1409, Y: -16672.18 2N
1 3 p=" AR Y > Show cross-section . &
-21727.02 . Y, A OEE HEL > .
Figure 13

2.4.3 AquakEdit
Go back to your AquaEdit model and enter again the Export menu and the Wind gust-tab. Replace Num
steps per wave from 20 to 200 steps.

B4l Environment X

Normal * Directional ¥ Wind gust x +

a Nr Amp[m] T[s] V[deg] oX[m/s] cY[m/s] wxX[m/s] wY[m/s] Comment Group
] | 1 | 0 1| 00| 0| 0| 0] 30| 0
Add Edit Delete Import Generate irregular sea Generate irregular wind oK Cancel
B Time serie UJEXporT grotps
Preincrement 5 Automatic grouping
Max iterations pr step 1000 B Delete AVS files after run
Num total steps for waves 4000 @ Andl ) diately aft it
Num steps for one wave 200 1 M3 IS LS CEET G
Onvergence criteria 10 [ Enable low priority processes
Change dynamic convergence c... 0.0 () Omit PFAT files from analysis
Current reduction type Deformed by current and waves ﬂ 8 Verify model when exporting
Infinite depth a lit file by ti 100
Depth (wave profile) -1.0m SpithletvAlinesteps
O Cresting wave factor 0.0 () Extract timestep range [
“ Bottom |aquasim_2_18_rc3.exe V] & Export
Bottom rontart 0

Figure 14
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244 Analysis
Export the new analysis, we have named it typel gust200 .

Bal Excport file s
Look in: = Analysis v FEmE-
P =] typel_gust_bat
"% %] typel_mean_bat
Siste ele...
Skriveb...
Dokume...
Denne P...
File pame: |typel_gust2[)0_ | [ Export
Nettverk  Files of type:  AquaSim batch file - Cancel

Figure 15
Once the analysis is finished, Open it in AquaView.

245 AquaView
Plot the shear force in y-direction again.

When we zoom into the time series, we see that the high frequencies are reflected in the shear forces. For
large systems, the high frequency parts may be filtered out. But this depends on the mass and damping. The
user is encouraged to investigate the effect of time series discretization for each considered case that should
be analysed.

7 Local section forces » Sheae force Y IN] x

Local section forces > Shear force ...

1

Copy all to dipboard View local section forces Add series

000

OA o
rem \/\/\/\\/\/\\/\,ﬁ\//
.

1% KD 160 1E0 16m M0 160 100 17 10 180 1s
Loeal section farces > Shear ferce ¥ [N]

="

OB

Component (1): Beam

Element number: 1 (Length: 10.00m)
Position of node A (1): 0.00, 0.00, 0.00
Position of node B (2): 10.00, 0.00, 0.00
X: 0, Y: 0.00

Show cross-section

Figure 16
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Another wind load type that can be applied is wind Type 2. The basis for the type 2 wind is that the

parameters for drag loads are the same as for submerged elements.

Open the AquaSim model WindType2.amodel that is associated with this tutorial.

Bl WindTypeamodel - Aquatdt 218.0-3043
Fie Edt Commands Took Windows Help

Grid |Axis [Membranes |[Shapes [ Crossection| Mormals Snsp M8 (12| [ E. £u 88 [0

H Expoat Copymodel (k| DB O E S CEHEDQ

.S

7

i

E -

Tool properties
Selection model Mixed v

0 Additive selection

Nodes (1)

B Node
Name
Location <10.0, 0.0, 0.0> ..
DOF 1. 1=) 1 ] | (u]

_
<10.0, 0.0, 0.0> ssOBes8

[Pointer]
[Pointer] Click to select nodes or
elements.

- o x
A B O .
Decorstors IR
All v

Components

1 Beam BEAM

New companent

x10.0 ¥ 0.0 0.0 O 10227 -0z 0000 | Snapmodifer 1.0 Beam [Pointer] Click to sslect nades or slements.

Figure 17

In AquaEdit we have a similar model as in the previous cases. Double click the component Beam in the

components window and select Element loads.

B4l Edit bearn: 1 Beam
Information E Drag load
Material / section props B Drag coefficients
Stress calculation Y 12
z 12
Advanced E Diameter for drag
Y (depth) 10.0m
Z (width)
B Advanced
Wave amplitude reduction 0.0
Current reduction 0.0
Longitudinal drag coefficient = 0.0
B 8 wind load
B Wind type
Wind type Type 2 LI
B wind fetch
Max Y height 10.0m
Min Y height 0.0m
Max Z width 0.0m
Min Z width 0.0m
B Drag coefficient wind loads
Y 0.0
z 0.0
Crossection
@ Symmetrical () Asymmetricends © A B Scale Move
2.0000 1.0000 ,0000
2.0000 -1.0000
o [
— OK
Cancel

Figure 18
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In the section Wind type, select the drop-down menu an choose Type 2. Then all the parameters for
maximum and minimum Y and Z in inactivated. This also apply for the Drag coefficients wind loads
section.

If we scroll up to the Drag load section, AquaSim now apply the values found under here. Then we need to
define drag coefficients and diameter for drag in y- and z-direction. Let Drag coefficients Y and Z equal to
1.2 and Diameter for drag Y (depth) equal to 10. Select Ok.

Let us run an analysis with wind gust; go the Export menu and select the predefined tab Wind gust.

251 Analysis
Apply values according to the figure below.

B4l Envirenment x

Normal * Directional * W

] Nr Amp[m] T[s] V[deg] X[m/s] cY[m/s] wX[m/s] wY[m/s] Comment Group \

] | 1 | 0] 1| 00 0] 0] o/ 30 | o |
Add Edit Delete Import Generate Irregular sea Generate irregular wind oK Cancel

B Time serie JTEXpOrt groups

Preincrement 5 Automatic grouping 1:
Max iterations pr step 1000 ® Delete AVS files after run
:zm ;:;ZISSFSFSB;[;:;?{\:S :ggo @ Analyse immediately after export
Convergence criteria 1.0 [ Enable low priority processes
Change dynamic convergence c... 0.0 [ Omit PFAT files from analysis
Current reduction type Deformed by current and waves ﬂ 8 Verify model when exporting
Infinite depth a i .
Depth (wave profile) -1.0m Snlligilihyiiiiestens 100
O Cresting wave factor 0.0 () Extract timestep range
B Bottom |aqua5im_2_18_rc3.exe | iy Export
Rnttnm rontart [l

Figure 19

Then Export the analysis and Start it when it is saved a suitable place. We have named the analysis
type2_gust_.

B4 Export file X
Look in: Analysis v e E-
[ typel_qust_bat
@ [E] typel_gust200_bat
Siste ele... [ typel_mean_bat
Skriveb...
Dokume...
1
i Denne P...
File name: type2_gust_|
Nettverk  Files of type:  AquaSim batch file v Cancel

Figure 20
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When the analysis is finished, Open it in AquaView.

2.5.2 AquaView
Plot the shear force in y-direction.

Local section forces > Shear force ...

|| Component (1): Beam
Element number: 1 (Length: 10.00m)

Position of node A (1): 0.00, 0.00, 0.00
Position of node B (2): 10.00, 0.00, 0.00
X: 0, Y: 0.00

1 : 3 ATV TaiL Show cross-section
-0272.38

........

Figure 21

If we compare the shear force of wind type 1 and type 2, we can see that there are variations due to how the
wind is calculated based on different assumptions.
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2.6 Truss — Type 1and 2 (mean wind and wind gust)
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Wind can also be applied on Truss components. Applying wind on Trusses works in the same manner as for
Beam components, where Type 1 and Type 2 are available.

Options for applying wind is found in the Edit Truss window, in the Wind load tab.

Bl Edit truss: 1 Truss

X

Information =2 @ wind load
B Wind type

Damper
Advanced

Wind type Type 1
B windfetch

Max Y height 10.0 m

Min Y height 0.0 m

Max Z height 0.0 m

Min Z height 0.0m
B Drag coefficient

Y 1.2

i 1.2

[

Cancel

Figure 22

An example model is prepared in the AquaSim model WindTypel_truss.amodel. To run analyses, you can
follow the same steps as presented in the previous sections of this tutorial.
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2.7 Membrane (mean wind)

Wind can also be applied to Membrane components. In this case study, a membrane of type Normal in
combination with the Load formulation Normal is presented.

Open the AquaSim model Wind_Membrane.amodel in AquaEdit. This is a simple model with 3 one-element
membrane panels at three different vertical locations.

5 Egpot Copymedel |& .~ O i3 @ SO EH X & = A0 +~Ark0Om=

Selection model Mixed

7 Additive selection

Compenents

@1 Membrane MEMBRANE
3 TRUSS

Log Viewer
‘3TN MO BVaIIaDIe. Select No0e VAT MOUSe:
 operation

it nodes or elements.
tad\101_AguaSim\01_AquaSim
ionality\07-Wind\Wind_Membrane-2023-01
Wind_Membrane.amadel

MNew companent.

1 o 2o B 72 86 0000 |Snpmedfier 1.0 | | Companem2 [Poinner] ek o elec nocs o eements

Figure 23

The panels are restrained from moving in all degrees of freedom, except from x-direction. In addition, the
panels are restrained with ropes on the x-direction. When wind is applied along x-direction the wind forces
on the panels are reflected in the ropes.

In AquaSim, mean wind is included for membrane panels of type Normal when the Net in air selection is
toggled on. This is found the Edit Membrane window, in the Load properties tab.

B4l Edit membrane: 1 Membrane x
Information 8 Normal load formulation
Material properties Mask type Type 1 hd
med | pad tvne M1 New Defanlt |
|| Wetin air []
EAdvanced
Wave amplitude reduction 0.0
Current reduction 0.0
Extra tangential drag A 0.0
Extra tangential drag B 0.0

Save Cancel

Figure 24
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The properties of the membrane may be reviewed in the Material properties tab.

| Ball Edit membrane
Information B Properties
E-module 1E9 N/m~2
Load properties Thread diameter 2E-3m
O Area 3.1416E-6 m~2
Mass density 1025.0 kg/m~3
O Weight in air 1025.0 kg/m~3
No compression forces @]
B Solidity
Pretension Y 5E-5
Pretension Z 5E-5
Growth coefficient 1.0
Maskwidth Y 0.025 m
Maskwidth Z 0.025 m
Solidity 16.0 %
Solidity incl growth 16.0 %
5 Advanced
Rayleigh damping stiffness 0.0
Rayleigh damping mass 0.0

Save Cancel

Figure 25

We are satisfied with the defined values and select Save. The cross sectional properties of the ropes are
found in the figure below. It is assigned some stiffness, but the volume and weight are set equal to 0. In that
way, the ropes will only contribute to restrain the panels and to take up axial forces. They will not contribute
to aerodynamical forces.

E Edit truss: 2 Rope x

Information 8 Information
\Wind load Name Rope
Damper Description
Advanced B Properties
E-modulus 1E10 Nfm~2
Area 0.1 m~n2
Diameter 0.356825 m
@ Volume 0.0 m~3/m
Mass density 0.0 kg/m~3
Weight in air 0.0 kg/m
O Weight in water 0.0 kg/m
B Drag loads
Diameter Y 0.0m
Diameter Z 0.0m
Drag coefficient ¥ 0.0
Drag coefficient Z 0.0
Added mass coefficient Y 0.0
Added mass coefficient Z 0.0
Longitudinal drag coefficient 0.0
5 Default values
No compression forces ]
Pretension 0.0
Breaking load 0.0N
Materfal coefficient 0.0
Rayleigh dampening (mass) 0.0
Rayleigh dampening (stiffness) 0.0

Cancel

Figure 26

The wind velocity itself is defined in the Environment window in the Export menu.
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2.7.1 Analysis

Select Export and navigate to the Normal-tab. The setup is equivalent to what was presented in the first case
study with the Beam exposed to mean wind, only that the wind is applied along the x-direction. Hence,
wX[m/s] =30.

Ed Environment x

| ' Directional * +

] Nr Amp[m] T[s] V[deg] oX[m/s] c¥[m/s] wX[m/s] w¥[m/s] Comment Group
a | 1 | 0] 1| 00 0] o] 30| 0| | o |
Add Edit Delete Import Generate irregular sea Generate irregular wind 0K Cancel
B Time serie _JEXport groups
Preincrement 5 Automatic grouping 15
Max iterations pr step 1000 @ Delete AVS files after run
Num total steps for waves 0 . .
Num steps for ane wave 20 @ Analyse immediately after export
Convergence criteria 1.0 [C Enable low priority processes
Change dynamic convergence c... 0.0 ) Omit PFAT files from analysis
Current reduction type Deformed by current and waves j 8 Verify model when exporting
Infinite depth a lit file by ti 100
Depth (wave profile) -1.0m [SEniauigviiinestens
O Cresting wave factor 0.0 [ Extract timestep range
B Bottom |aqua5im_2_18_rc3.EXE ~| AN Export
Rnttnm_rontact [l

Figure 27

Only the static part of the analysis is considered. Preincrement is set to 5 and Num total steps for waves
are equal to 0.

2.7.2 Analysis
Export the analysis and save it a suitable place. We have named the analysis membrane_mean_. Start the
analysis.

B4l Export file *
Look in: Membrane v FEE-

w

Siste ele...

Skriveb...

Dokume...

| DenneP...

File name: membrane_mean_ Export

Nettverk  Files of type: AquaSim batch file v Cancel

Figure 28

When the analysis is finished, Open it in Aquaview.
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2.7.3 AquaView
We should plot the axial forces in the trusses, select Result > Local section forces > Axial forces [N] and
select the truss elements in the 3D window.

AquaSim apply a logarithmic wind profile. This will result in different values of wind loads at different
elevations. This is seen by the axial forces in the ropes vary with the panels. The highest panel is exposed to
a higher wind load than the lower ones.

Result™ Show™ FFront™ Ceft™ Right™Top ™ Bottom 150" Zo0m™ Zoom o result™ ool Helpy
60679 |
MIN MAX Local saction forcas > Axial forca [N] =
0678 'f: T
E— Z
5207
B3 Locsl section forces > Asialforce [N *
Step Local section forces > Axial force [N]
1 .Uy
7738 2 3747
3 150.60 ‘
4 340.18
Copyall to clipboard ~ View local section forces  Add series
oA o
- / =
w0
llos 3
a a
Lncal section forces > Asial forse (N]
Component (2): Rope
Element number: 10 (Length: 3.00m)
s, Position of node A (24); 1.82E-6, 10.00, 12.00
Position of node B (22): -3.00, 10.00, 12.00 1
X: 5, Y: 606.79
: Cose ]
1 1z

LeftRight™Top " Botton™ 150™760m ™ Zoom to result™ Tools Help
606.79 |
MIN MAX  Local section forces > Axial force [N] -
0678 &, S
= .
N z

5207

L]
L] Step Local section forces > Axial force [N]
L4 1 0.00

w36 2 134.00
3 133.61 ‘
4 206.26

Copy all to dipboard View local section forces Add series

OA =

%285 / =0

||OB o
1 o
Local section forces  Asial force (N]

Component (2): Rope
Element number: 6 (Length: 3.00m)

14783 Position of node A (16): 1.56E-6, 10.00, 7.00
Position of node B (14): -3.00, 10.00, 7.00 1
X: 5, Y:520.02

| Cose ]
1 nn

Figure 30
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60679 |
MIN MAX  Local saction forces > Axial forca [N]
60676
—
PR z
207
w
P Step Local section forces > Axial force [N]
736
/ Copyallto clipboard |~ View local section forces  Add series
OA 24
26285 /‘ om
OB “=*
o . : s . s
[ ——
Component (2): Rope
Element number: 1 {Length: 3.00m)
a7sz Pasition of node A (8): 0.00, 10.00, 2.00
Pasition of node B (6): -3.00, 10.00, 2.00 1
X: 5, Y: 0.00
Show cross-sedtion Close ]
1 nxn
33.22
W v e e @ [ ]
0 5

Figure 31
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Let us now investigate the opportunities for wind gust on the membrane panels. Go back to your AquaEdit
model and return to the Export menu. Navigate to the prepared Wind Gust tab. When a wind gust spectrum
is applied the sections wX[m/s] and wY[m/s] will come out grey in the load condition line.

Bl Environment

X
Normal * Directional » |Wind Gust x| +
-] Nr Amp[m] T[s] V[deg]l X[m/s] cY[m/s] wX[m/s] wY[m/s] Comment Group
] | 1| 0| 1 oo 0] o] 30| 0| o |
Add Edit Delete Import Generate irregular sea Generate irregular wind OK Cancel
B Time serie LJEXport groups
Preincrement 5 Automatic grouping 15
Max iterations pr step 1000 B Delete AVS files after run
Num total steps for waves 4000 i :
Num steps for one wave 20 B Analyse immediately after export
‘ Convergence criteria 1.0 (O Enable low priority processes
Change dynamic convergence c... 0.0 O Omit PFAT files from analysis
Current reduction type Deformed by current and waves LI 8 Verify model when exporting
Infinite depth a _ ) 100
Depth (wave profile) -1.0m C1split file by timesteps
O Cresting wave factor 0.0 (T Extract timestep range
B Bottom ‘aquasim_Z_lB_rclexe v | Ay Export
Bottom rontart M

Figure 32

You may review the wind gust spectra through first click on the load line so it become blue, then select Edit.
In the Edit load 1 window, go to the Irregular wind tab and select Plot windstate.

| B Edit load 1
]
|E Environment load

Wave amplitude 0.0m
Wave period 1.0s
Wave angle 0.0 deg
Current velocity (X) 0.0 m/s
Current velocity (Y) 0.0 m/s
Wind velocity (X) 30.0 m/s
Wind velodity (Y) 0.0 m/s
Wave type Regular Wave LI
Wind type NORSOK |
] « ent Irregular sea Irregular wind
KVERT Angle Phase
0.403333 L 5.38721
0.406667 .0| 5431873 | |
0.41 .0 6.030645
0.413333 .0 | 5.558386 |
0.416667 .0 | 0.490857 |
0.42 B 1.665347
0.423333 L 2.565378 |
0.426667 0.0| 0.809676
0.4 0.0 2.260149 |
0.433333 0.0] 0.618866
0.436667 0.0| 1.882094 |
0.44 0.l 1.987314| |
Plot windtstate Plot specter |
Cancel
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Figure 33
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Exit the Edit load 1 window. We should run an analysis with 5 initial steps (Preincrement), Num total for
waves = 4000 and Num steps per wave = 20.

2.8.1 Analysis
Export the analysis and save it a suitable place. We have named the analysis membrane_gust_. Start the
analysis.

B4l Export file X

Look in: Membrane v FEmE-

[%] membrane_mean_bat

Siste ele...

Skriveb...

| Dokume...

| DenneP...

File name: membrane_gust |

Nettverk  Files of type:  AquaSim batch file ~ Cancel

Figure 34
When the analysis is finished, Open it in AquaView.

2.8.2 AquaView
We should plot the axial forces in the trusses, select Result > Local section forces > Axial forces [N] and
select the truss elements in the 3D window.

As seen when plotting the axial forces in the trusses for the different panel location, it increases with the
height. This is consistent with how the wind varies with height.

Left right “Top " Bottom “150™760m  Zoom
1257.44 |
MIN MAX  Local saction forces » Axial force [N] -
el
125744 . * &
=
Z
101258
——
L]
76175
/ Step Local section forces > Axial force [N]

[US /90.U>
907 U

LYY - l "
| gmﬂ&mWwwﬁ%Mww@%ﬂw

27808 Lnoat sectian farces » Aual foroe (]

Component (2): Rope 1
Element number: 10 (Length: 3.00m)

Pasition of node A (24): 2.482E-6, 10.00, 12.00

Pasition of node B (22): -3.00, 10.00, 12.00

X: 909, Y: 824.58

a 400 800 1200 1600 2000 2400 2800 3200 3600 4000

Figure 35
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2.9 Summary

In this tutorial you have been given an introduction to how wind can be applied to beams, truss and
membrane. Both mean (regular) wind and a wind spectrum can be applied for most components in
AquaSim.

By establishing simple models and apply the wind stepwise one can check that the wind loads are as
expected. In general, it is advised to first establish simple models to check how the options works, and then
implement it to more complex models. In that way you keep control of the different load contributions in the
analysis.

At last, it is noted that other membrane load formulations (other than type Normal) includes wind forces in a
different way. The option Net in air is not available for General impermeable net, Morison free plat, Lice
skirt, Closed compartment and surface tarpaulin. Instead, wind loads are included automatically when the
Water volume correction With slamming is activated.

B Advanced
Water volume correction Normal v|
Reported steps None
Convergence accelerator Normal
Newmark damping
Analysis type Normal ﬂ
Type of mass Lumped mass ﬂ
Buckling/eigen period analysis ]
Non linear density field ]
Number of threads 1

Figure 36

This option is found in the Advanced section in the Environment window.
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3 Revision comments

Revision no. Comment
1.0 First publication

--- End of document ---
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