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Example of a Curriculum

1 - Basic Potential Theory

2 — Using WAMIT

3 — Interpretation and Use
of WAMIT Results

Example 1:
Double Body Case

Example 2:
Generalized Modes

Advanced functionalities

and external applications
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2 — Using WAMIT
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Double Body Case

Example 2:
Generalized Modes

Advanced functionalities

and external applications
Wamit Training



Day 1 Morning
Part 1

Basic Potential Theory
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Brief Overview of the Theory

What engineers need

The mathematical problem

WAMI T's sol uti on

WAMI T’ s | 1 mit

e - -
e — —
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What do engineers need?

Physical entities:

* Motion prediction in waves

e Wave induced forces

e Wave drift forces
* Pressure

* Run-up

e Fluid Velocities

Wamit Training 6



The mathematical formulation

Boundary Value Problem

Potential Theory:
* Inviscid fluid

e [rrotational fluid

Equation:
AD =0
Boundary conditions:
Body boundary condition
Free surface boundary condition

Bottom boundary condition
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The WAMIT solution

Linearized solution:

q)total =

p:

Irregular, general wave

Linearized boundary condition:

F.S. boundary condition
Body boundary condition

\

®;

Jonswap Spectrum

\

Potential due to
regular wave of
period T,

Known Solution expressed with a

Green function
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The WAMIT solution

Further consequence of linearization:

Decomposition of fluid potential at a
given period of wave:

A (Th+ = A

/

Diffraction

Radiation
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The WAMIT solution

Further consequence of linearization:

Decomposition of fluid potential at a
given period of wave:

Ap

= A A
/ \ Scattered

AN =i¥ E3N,

Incident

o \ Radiation
M.Otlor.] |n_ Potential in
Direction | Direction i
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The WAMIT Frame of Reference

WAMIT practical problem: z

VY
* Plane progressive wave >

7

X

heading = direction TO

counterclockwise from

global X-axis
N\ = wavelength = £(0)
Floating
— Body
* Wave interactions with a body
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The WAMIT Frame of Reference

Body-fixed frame of reference
Vs

Global frame of reference

Good Practice:

A Define a geometry with respect to 9
its center /@

A Let the z=0 at the watetline X
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The WAMIT Frame of Reference

In case of multiple bodies

1 body
1 frame of reference attached z
For consistent definition of: ﬂ
* Geometry
/"—\

. .
Mass propetties /@ Y
X

Position of frame of reference for
each body with respect to global
coordinates defined in .POT input
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The WAMIT Frame of Reference

Z VA
/\/QL ﬂ

X Y
X
Wave definitions (headings) Geometry (in .GDF)
Field point coordinates Mass properties (in .I'RC)
Position of origin of body geometry
Output:

Forces and Moments

Center of buoyancy

Best practice: if possible, global = mean body-fixed
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WAMIT Limitations

Linear theory

!

Small waves:
Small amplitudes

Not steep waves

Non-linear effects such as:

Viscous effects
Non linear hydrostatic effects
Slamming

discarded
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Day 1 - Morning
Part 2

WAMIT Input and Execution
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WAMIT Structure

_—

USER Run Configuration
INPUT Geometry Mass Properties
Wave characteristics Outputﬂchoices
— ]

L b

—— — — — — —— — —— —

|
|
|
I:> Potential I:N FORCE :
|
|
|

WAMIT.EXE —
I
I

T
@)
—
m
Z

T I

- & U
Log files Log files
OUTPUT _| Geometry Chosen output
Potential
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WAMIT Structure

Typical WAMIT run

Potential solution |

— FNAMES.WAM
USER run.CFG or CONFIG.WAM
INPUT ] run.POT
geometry.GDF run.FRC
- -~ ﬂ ﬂ ~
o ]
| | Binary File |
WAMIT.EXE — i POTEN I|:> p2f =, FORCE |
I
I I
| |

- U <
errorp.log errorf.log
OUTPUT _ wamitlog.txt wamitlog.txt
run.p2f run.hst and run.out

Optional geometry oUtpiiniiTaining ~ OPtional result output 14



Geometry Modeling

Low Order Geometry

Discretization with quadrilateral panels
Quantities are computed at the centroid

V holes between panels do not affect
the solution

V triangles are written as quadrilaterals

V convergence based on # of panels
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Geometry Modeling

Low Order Geometry

Z - axis

File Format:;

HEADER

ULEN GRAV

ISX ISY

NPAN

X1Y1Z721X2Y2 2722 X3Y3Z3X4Y4Z4
e
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../Examples/Tests/GeometryBuilding.3dm

Geometry Modeling

High Order Geometry

Discretization with patches
V' smooth surface
V' parametric representation:

Any point (X,y,z) on a patch can be represented <

with parametric coordinates (u,v)

n
i
. . u
Normal n points toward the interior £ -

~—_

Patches are automatically divided into panels

I:> Solution A represented with B-splines
Accuracy ~ # of basis functions

order of basis functions
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Geometry Modeling

Format:

HEADER

ULEN GRAV
ISX ISY
NPA/\TCH IGDEF

—
]
n

f patch at

# of patches \ \VD

-~
~—_

# indicates patch representation:
0 = low order

1 = B-splines

2 = MultiSurf

<0 = Geomxact
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Rhino

NURES modeling for Windows

Geometry Modeling N
&

High Order Geometry

IGDEF =1

Creating a geometry with Rhino:

options
OCurve Netwo
or
OEdge Cur ve:
to create surfaces

check orientation of surfaces with
option Dir or with inside color

WARNING:
must point toward outside
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../Examples/Tests/GeometryBuilding.3dm

Geometry Modeling

High Order Geometry

IGDEF <0

Creating a geometry with Geomxact ‘

V Use WAMIT predefined library: .

V Modify WAMIT library
(see geomxact.f in Fortran editor)

- Q
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POTEN Inputs

V geometry.gdf

Multisurf input

Vv

Ageometry.ms?2

Arun.pot

Arun.spl > High order discretization
definition - optional

Arun.cfg

AFNAMES.WAM
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POTEN Inputs

Input the physical variables: Format for Alternative 2
recommended:
HEADER
A periods / frequencies of the HBOT
. IRAD IDIFF
analysis NPER
. PERE
A headings NBETA
BETAE
A degrees of freedom
NBODY
A relative position of bodies BODY INFO
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POTEN Inputs

Input the numerical parameters:

Format:
PARAMETER=value

A POTEN numetical options

A Output formatting
A WAMIT license

A optional input
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../Examples/Tests/WAMIT_Input.xlsx

FORCE Inputs

Arun.frc

s Control surface

Arun.csf

Arun.bpi

> Only for .57 to choose locations

V run.cfg

V FNAMES.WAM

on body for pressure / velocity
computation

Wamit Training 28



FORCE Inputs

2 formats available

A Choose output
A Provide Mass Properties

A Provide field points for output

Wamit Training 29



FORCE Inputs

IALTFRC =1 IALTFRC = 2
Free - Floating Constrained

A buoyancy A buoyancy
1 1
| |

rces

Mass = Displacement Mass # Displ ace
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Program Execution

Computing Performance

Etficiency = function of NEQN (number of equation)
( see runout)

Low Order method High Order method
NEQN = NPAN NEQN =2 N, + K, - Dx (N, + K, -1)

# of panels
Controlled with PANEL_SIZE

Order of B-spline
Controlled with numerical input
(in .CFG or .SPL)
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Day 1 Morning
Part 3

WAMIT Output and Interpretation
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Output Files

Output from

POTEN
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE
FORCE

FORCE

FORCE
FORCE
FORCE

Option chosen

N/A
N/A
N/A
N/A

o A W DN PP

Output Files

wamitlog.txt
run.out
run.hst
run.l
run.2
run.3
run.4

run.sp,
run.svx,run.5vy,
run.5vz, geometry.pnl

run.6, geometry.fpt

run.7, geometry.fpt
run.8

run.9
Wamit Training

Description

Includes mass matrix
Summary
Hydrostatic Coef.
Hydrodynamic Coef.
Diffraction Forces
Diffraction Forces
RAO

Pressure and velocity
on body

Wave elevation and
pressure in field

Fluid velocity in field
Drift Forces

Drift Forces
33



Output Files

Verity results:

1. Visualize output geometry
2. Open run.out
Volumes
GM=C/

Period of resonance

T=2T1 {M+A)/C)
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Output Visualization

How to use compareV3.m

A Matlab routine:
e Reads.l,.2,.3, .4, .8, and .9

Hydrodynamic Coefficients

e Also reads second order results = PE o
.10 through .12 = - =
Plots = WAMIT coefs as .
function of period T AT T
. /
Only developed for 6DOF A - / :

Variable number of headings

Wamit Training 35



Output Visualization

Heave RAO

Wawve heading: 0 deg

3 r r
% —+— High Order
2.5 / \ —&—~ Low Order | —
2 \
8 / \\ Converges to 1
2 15 il >~
g: 1 / D " ,
0.5 //

0 ¥ = £ L L [
0 1 2 3 4 5 6 7 8 9 10

200

w0 A

?
g 0 Xr / \ - * * *
o \ /
\ /
\\‘ / \ /
-100 ¥ / R =
\ / g
\\j o ié:
=
-200 - .
0 1 2 3 4 5 6 7 8 9 10
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Output Verification

Period of Resonance

Compare calculated period with computed period

/ \

T=2" & M{+A)IC, Read on WAMIT RAOs

C = hydrostatic stiffness
A = added mass or added moment of inertia

M = mass or moment of inertia
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Output Verification

Convergence

Convergence Analysis:

L.ow order: coarse
medium
refined meshes

High order: decrease panel size
Note:

Analysis depends on desired
output

Wawe heading: 0 deg

w

—+t— Coarse /ﬁ
2.5~| —%-~ Medium /”
& Refined \
g 2 /
=1 [ h
315 i \m‘,
E \sﬁ-\,,,,&
1
0.5
,/a/w
0 % % = =
0 1 4 5 6 7 10

200

100 \\
o N / \"\\R_‘T\_&“
8 o % N e
e / X /%/

/ &
/ \,
-100 %\\gg\.A,,%,, 4
-200
0 1 4 5 6 7 10
T

RAD in direction 3 3
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Output Verification

Convergence

Wawe heading: 0 deg

r r

Convergence Analysis: Slower convergence on drift forces [ - wedun vesn

—+— Refined Mesh

¥
5 il

L.ow order: coarse
medium

IN

refined meshes

High order: decrease panel size

N

Drift force in direction 1 from momentum
w

Note:
Analysis depends on desired 1
output /

Wamit Training 39



Output Verification

Convergence

Convergence Analysis:

Type of Observations for

Low order: coarse Output convergence

medium Linear Fastest, but limited by relation

refined meshes between panel size and

wavelength at low periods
High order: decrease panel size Drift force Slowest
Irregular period removal can

Note: help at low periods
Analysis depends on desired At Field Decreases when approaching
output Points body
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Day 1 Afternoon

Double Body Example
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1. Generate a geometric file for a wedge-shaped body

2. Generate a geometric file for a vertical cylinder
3. Convergence analysis: single body analysis
4. Double body analysis

5. Investigate the different ways to combine fixed and free modes
with 3 bodies

Marine Innovation Wamit Training
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Generation of Geometry

Low ordet:
generate 1 coarse, 1 medium and 1 refined meshes with Rhino
1. Build submerged surfaces

2. In Mesh menu, use Mesh from NURBS option
3. Vary density and other parameters

4.  Check directions

5. Export mesh in WAMIT format

High order:
generate surfaces with Rhino
1. Build curves to define surfaces
2. Make surfaces using Curve Network or Edge Curves in Surface
menu
3. Check directions
4. Export mesh in WAMIT format
Optional:
Try to define a wedge-shaped surface with geomxact.f — starting from
vertical cylinder definition
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Convergence Analysis

Generate Input Files for Single Body using WAMIT _Input.xlsx
POT
.CFG
JFRC

Run 3 runs: coarse, medium and refined discretization

Use compareV3.m to plot results

Conclude

Wamit Training 44



Multiple Body Analysis

A1 geometry file per body

(can be identical)

Ain POT: NBODY=?
define position of body fixed coordinates with respect to
global coordinates for each body

Ain FRC: add mass properties for each body
or
use alternative 3

1

in .CFG: TALTFRC=3
| ALTFRCN=1 1 ...et c.
attach NBODY additional .FRC files

Wamit Training 45



Multiple Body Analysis

Generate Input Files for Double Body using WAMIT_Input.xlsx
POT
CFG
FRC

Choose several headings

Use compareV3.m to plot results

Observe shielding effects

Vary distances between the 2 bodies
Note the limitations of WAMIT theory

Wamit Training 46



Day 2 - Morning

Example 2:
How to use Generalized Modes
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Any questions about vy

Marine Innovation Wamit Training 48
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Definition of Generalized Modes

Possible Use:
AElastic modes

AAdditional degrees of freedom within a body:
(connections such as hinges, tran

ADamping of moonpool effect
Condition of utilization:

Analytical definition of degree of freedom, w.r.t. body coordinates

Wamit Training 49



How are they defined in WAMIT

Wamit.exe
IGENMDS
NEWMDS : .
X1 X2 X3, XN Contaln_s pre-defined
FilelD .7 generalized modes for
Bl IPI IFLAG 4 wave_-makers, hinges,
A% / elastic modes,
J% moonpoolé et ¢
User.-lnput file NEWMODES
Ex: file.dat LIBRARY

Symmetry Index
ZDISP = Vertical Component of displacement
VELH = Normal Component of displacement
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How are they defined in WAMIT

NEWMODES library

From WAMIT

~~

FIND If displacement of a
SUBROUTINE mode is (U,V,W)
for CHOSEN Call subroutine
GENERALIZED ZDISP =W
MODES VELH=(U,V,W).XN
(IGENMDS)

L

To WAMIT
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How are they defined in WAMIT

Practical Use

Input:

IGENMDS in .CFG (1 per body available)

NEWMDS in .POT

Add mass, damping, stiffness terms in .FRC

Additional input file if necessary

Modify and recompile NEWMODES.f into NEWMODES.dIl if necessary

Output treatment:
For each body, 6DOF + NEWMODS generalized modes
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Example of a floater w/ 1 hinge

How to proceed

1. Prepare a rigid-body run: geometry, input files
2. Run rigid body cases
3. Add 1 generalized mode as available in NEWMODES library:
update .POT
.CFG
FRC
prepare additional entry
4. Run with generalized mode

5. Build file to plot them using compareV3.m with Matlab

6. Optional: combine generalized modes with fixed modes
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Example of a floater w/ 1 hinge

Results - RAOs

Vertical RAOs (m/m of wave)

Z-AXIS
N

Wave Period (sec)

4
3
PARN —

> X-AXis
Horizontal Coordinate
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Example of a floater w/ 1 hinge

Results - RAOs

Results QA-QC:

AWhat are the limits at low frequency
at high frequency

AWhat is the period of resonance:
s=2" /L

T =7sec
In deep water, ¥2 /g = k (wave number)
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Example of a floater w/ 1 hinge

Additional Features

AFriction model: damping on generalized DOF
ASpring model: stiffness on generalized DOF

ACombine multiple bodies and generalized modes
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Day 2 - Afternoon

Other Functionalities and Applications
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Other Functionalities

REGEIRERIS

* Internal Free surface effects
* Variable fluid density
* Multiple tanks

* Flexible geometry

e D e

MOSS LNG 102

e QOutput:

Hydrodynamic coefs

|
I Pressure

I Wave elevation
I Velocity

T Drift
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Other Functionalities

Side Walls

* Towing tank modelization

e (Coastal modelization

e 2 walls available:
On plane x=0
and on plane y=0

* Supports wavemakers with
generalized modes
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Other Functionalities

2nd order

Ref: Validation of Wave Run-Up Calculation
* Relevant for run-up, wave Methods for a Gravity Based Structure

D. Danmeier et al.
OMAE 2008, Estoril, Portugal

elevation

* Not necessary for large structures
to compute forces and motions

up-wave

(drift force 1s sufficient)

21 —— —total run-up |4
i ) lingar run-up

(VAN

runup =)

* Long computing time

| | 1 1 | | | 1 1
1000 1010 1020 1030 1040 1050 1060 1070 1080 1050 1100

time (sec)
down-wave
2L my 8 i —— —total run-up
f linear run-up

munup -

LT
A A
!

il

v
1
| | 1 1 | | | 1 1
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
time (sec)
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http://www.marineitech.com/downloads/OMAE2008-57625.pdf
http://www.marineitech.com/downloads/OMAE2008-57625.pdf
http://www.marineitech.com/downloads/OMAE2008-57625.pdf
http://www.marineitech.com/downloads/OMAE2008-57625.pdf
http://www.marineitech.com/downloads/OMAE2008-57625.pdf

Other Functionalities

Thin Elements: Dipoles

* At the limit of very thin elements:

I Strakes
I Heave plates
I Fi nse

* General solution diverges due to
singularities

* Dipole elements

* Note: no pressure output
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Other Functionalities

* New functionality in V6.4:

I Input geometry with panels with
positive z-coordinates

T Trim waterline at desired z level

I Trim waterline at desired heeling
angle

* Also practical when positive Z
appear by “accident” I n geo

definition
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Combination with External Applications

Time Domain: F2T

* Provided along with wamit.exe

* Specific input: wave spectrum

* Computes IMPULSE
FUNCTION (to include the

retardation function in the time
domain)

* Allows time domain computation
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Combination with External Applications

Time Domain: OrcaFlex

e Or si mil| ar t1 me domai n t ool

O Ottt 08 L ot sl Lavwter - OveaFlen -
Bl Eidt Blodel  Cocolation Yes Begley Goph Revin  JTook Wadopeor  Yndes  bep
0@F-8 ® 2VES ‘@ MY N A ®E @
Semedanon Comglete
— i

Reglay Tene 43595 " o0 Comgles)

e ——

* Objective:
I Mooring analysis (mooring tension ‘2
for survivability) %
I Footprint
I Time domain motions

* Important features:
I Includes viscous effects
I Non linear mooring effects
I Additional loads
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Combination with External Applications

Structure: FEM

* Pressure mapping

s
R

e Radiation term combined with s
1700

motions Yoo

1400

. - . . = 1300

e Diffraction term combined with | i

incident waves

IFFRNNENI
THAAT

Q00

. . . 200

* Inputin the time domain, at one o
. . =100
time step, in the frequency o

. -0

domain i
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Do you have any questions?

Discussion

Marine Innovation Wamit Training 66
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