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SHIP-MOORINGS

Alkyon'’s computer model for design and optimisation of moorings
in harbours and at sea terminals

Introduction

SHIP-MOORINGS is a computer program that simulates the behaviour of a moored ship or a
floating moored object under conditions of wind, waves and current.

The program is provided with pre- and post-processing tools. Input is possible both through
files as well as interactively on-screen while output can easily be compiled on-screen and
presented on paper. Results of simulations can also be animated on screen.

SHIP-MOORINGS has been primarily developed as a design tool for ship-related infrastruc-
ture. Such infrastructure is developed with increasingly smaller margins and under
increasingly difficult site conditions. Therefore it is important be able to simulate the entire
ship operation including arrival, berthing, behaviour at berth and departure. In order to
anticipate to these demands we have developed SHIP-MOORINGS as part of the three-
dimensional simulation model SHIP. This is an integrated ship-simulation suite which
simulates the manoeuvring ship (sHIP-NAVIGATOR) as well the moored ship (SHIP-MOORINGS).

The program is provided with integrated pre- and post-processing tools. Input is possible
both through files as well as interactive on-screen while output can be compiled on-screen
or presented on paper; also ship motions are animated directly on screen.
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Given the high level of demands on a specialised consultant, we view the development of
our software-tools in general and of SHIP in particular as a continuous process. Where
possible, we directly implement experience and specific know-how gained during our many
projects.

2 Input

Data for SHIP-MOORINGS may be entered within the interface or with an ASCII editor directly
in the input files. The following input files are required:

e Layout drawings to assist input and provide animation of results:
—  berth
— ship

e Ship data:
Ships can be selected from a database within the program. One or more ships are in-
cluded in the delivery and more ships can be obtained when required. The ships char-
acteristics include:
— 3D form description for ship-fender interaction
— hydrostatic and mass/inertia properties
—  static flow force coefficients (function of angle of attack)
— dynamic flow force coefficients (rotational, damping)
— wind force coefficients (function of angle of attack)
—  ship dynamic characteristics added mass, wave force transfer functions, retarda-
tion functions; these data have been computed with a 3D-diffraction model.

e Wave data:

Several main wave systems (each with a different direction) may be input. This allows

for simultaneous wave attacks by for instance sea waves, swell waves, free long waves

etc. For each main wave system it is possible to:

— define the character by a JONSWAP spectrum, characterised by significant wave
height, peak period and enhancement factor

— use longcrested or shortcrested (directionally spreaded) waves;

— define various secondary wave systems, related in phase to the main wave system;
this allows for the modelling of reflected and diffracted waves, all originating
from the same offshore wave system

— include the effect of bound long waves

— include the mean wave drift force

Additional features allow the wave systems to be defined by multiple JONSWAP spec-
tra, or by a user-defined spectrum, or through pre-processed waveforce time-series. For
some wave parameters the wave height may also vary with the water level.

e Other environmental data :
All these data may vary their magnitude and direction (where applicable) in time and
space, they include:
— wind (time variation allows for modelling of gustiness)
—  current
—  water level

file: ship-moorings-v9 20f 12



SHIP-MOORINGS Rev. 9: September 2003-09-08

e Mooring data:
— mooring line layout
— individual line characteristics
—  fender layout
—  fender force characteristics

Wind and current may vary both spatially as well as in time. Water depth may also vary
spatially (the average depth over the ship’s length is used in the computation).

Non-linear mooring line and fender force characteristics can be stored in an on-line
accessible database for easy access from within the program. Mooring layout and choice of
types and size of lines and fenders can be defined from within the interface and is
visualised on screen during input to avoid errors.

In case of buoy/catenary mooring systems, their characteristics have to be computed off-line
and entered as force-displacement characteristics in the model. At this moment we are
working to integrate this in a future release of SHIP-MOORINGS.

Computations

The ship motions at berth are computed in the time domain. The set-up of the system is
such that there is no limitation for large horizontal motions. The ship may travel any
horizontal distance or change any magnitude of heading.

SHIP-MOORINGS solves the impulse response function for ship motions in the time domain as
derived by Cummins (1962). The equation describes the motion of the ship in 6 degrees of
freedom (x, y, z, ¢, 6, y) in the time domain. The hydrodynamic response characteristics of
the ship are based on 3-D diffraction theory in the frequency domain. The transfer into the
time domain is according to Oortmerssen (1976). The low frequency second order wave
exciting forces on shallow water are modelled according to Pinkster (1980). "

External forces include wave exciting forces, hydrodynamic reaction forces, hydrostatic
reaction forces, hydrodynamic viscous forces, wind forces, current forces and mooring
forces.

Wave exciting forces include irregular first order waves, second order (bound) long waves
which are very important for large vessels and mean wave drift forces, important for ships
moored at buoys.

Coefficients for the higher frequency hydrodynamic reaction are applied using retardation
functions as described by Cummins. These enable the associated forces to be computed in
terms of the motions of each mode up to that moment.

references

Cummins, W.E., 1962; The impulse response function and ship motions; Symposium on ship theory, Institut fur
Schiffbau der Universitat Hamburg, Hamburg, Germany, 25-27 January 1962:

Oortmerssen, G. van, 1976; The motions of a moored ship in waves; Thesis; Delft University of Technology,
June 1976.

Pinkster, J.A., 1980; Low frequency second order wave exciting forces on floating structures, Thesis; Delft
University of Technology, October 1980.
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The motion computations are carried out for the ship’s centre of gravity. Motions at other
locations are computed in the post-processor assuming that the ship is a rigid body.

4 Output and post-processing

Output is generated in he form of an ASCII file, a binary file and an animation file. The
binary files are accessible through the post-processing program PostMoorings.

Through PostMoorings it is possible to present for:

e the six motion components and their derivatives (velocity, acceleration)
e each individual mooring line

e each individual fender

e for any interval of the simulation

e with respect to zero or mean,

the following parameters in tabular form:
e statistical values (minimum, maximum, mean, RMS, H,, H,.., H.,., etc.)
e spectral values (m0, m2, m4)

The motions, velocities and accelerations are standard presented for the centre of gravity,
but may also be computed for any other number of points of interest (e.g. motions of the
manifold, accelerations at container lashings etc., ramp velocities).

Besides the tabular form the output is also presented graphically in the form of:
e time series

e spectra

e exceedance curves

Finally from each simulation also an animation file is made. This can be viewed from within
the SHIP-MOORINGS interface. It shows the ship from top-view as well as in cross-section with
adjacent the quay or jetty. The location of the cross-section and the speed of replay can be
changed during the animation.

5 Quality

SHIP-MOORINGS has been developed by a team of engineers in the field of ship hydrody-
namics, flow and wave hydrodynamics, applied mathematics and system developers. This
team has in-depth expertise and experience both in the moored ship field as well as in the
design of complex software systems. The team has previous working experience at Delft
Hydraulics (including the three former section heads of Harbours, Ship Hydrodynamics and
Waves and Currents), the Maritime Research Institute Netherlands (MARIN), The Netherlands
Organisation of Applied Scientific Research (TNO) and The National Aerospace Laboratory
(NLR). As a team and as individuals they have developed several simulation models,
including new or further developments of ship-simulation software for TNO, the Nether-
lands Royal Navy, Delft Hydraulics and IHC.

SHIP-MOORINGS has been programmed by a group of programmers under the supervision of
an experienced software system developer. The latter has previously also been responsible
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for the software design and implementation of complex refraction-diffraction models, of a
3-D finite-element model for the computation of hydrodynamic forces on floating bodies
and of a Navier-Stokes model for simulating breaking waves on coastal defences. He also
participated in the EU projects ESPRIT and REDO, designed a Kalman graphical model for the
Dutch Government and carried out software design projects for the EU-projects PACE and
SAFE.

For Alkyon Hydraulic Consultancy & Research bv. developing and maintaining a state-of-the-
art level for the software-package SHIP-MOORINGS is an essential task in order to be able to
supply high-level specialist advice in the area of water-related infrastructure and manage-
ment.

SHIP-MOORINGS has been designed such that common restriction of mooring models do not
apply any more. In such it is a state-of-the-art model can be used to determine the correct
moored ship behaviour even at locations where there is so much wave actions that the ship
motion are no longer “small” (as is normally assumed in traditional moored ship models).
Special features allowing this are:

e the forces on the ship are dependent on the actual ship’s location and orientation
(commonly moored ship models assume the motions of the ship to be small and keep
the relative direction of external forces constant)

e fender forces are applied at the correct point-of-contact in the three-dimensional space
(commonly this is not the case, see above)

e forces also depend on the slowly varying ship motions themselves

e motions, velocities and accelerations are computed and analysed for any location on the
ship

e the program produces an animation of the ship motion the program allows for the
application of special fender constructions and winch layouts

e multiple wave components (as present in harbours or with swell and wind waves) can be
applied as well as so-called “long” waves, which the model computes

e directional wave spreading can be applied on both short and long waves

e ‘“special” forces can be applied as well in the form of time series, like for instance
passing ship forces

e ALL parameters (wind, waves, current, water level and special forces) may vary in time
and place

The program SHIP has been obtained by the Netherlands Ministry of Transport and Public
Works for national projects as well as by the Civil Engineering Faculty of the Delft University
of Technology for educational goals.

The program has been verified by carrying out extensive basic-simulations for all degrees of
freedom and types of mooring systems and by comparison with scale model simulations.
Presently many simulations have been carried out with SHIP-MOORINGS using many mooring
systems and for many environmental conditions.
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Examples of input SHIP-MOORINGS

e Definition of Mooring lines

= Winches infarmation

r— Line information

Mumber of lines:

EE—

" Line one material & Line two material

rylon1 inch

Line:

Diameter [m) I Diameter [m) Iu_n4

Lre [m) |12—

Add line | Bemove Iinel Calculate Lbbl

Coordinate of line an share

% m [&5
Y m [75
Z m [&

Coordinate of line on zhip

# [m] |-53.5
T [m] ID
Z (m [55

E-ghrand-Atlas.ines -
Br36-wire-fibre-core lines
6536 ire-fibre-core-H st 1D lire,

S-strand-nultipl ait- n_l,llon H_l,lst 101
8-strand-multiplait-polyester lines _I

Line properties:

Lbb [m) |25.81995
Lab [m] |5
ptf (kM) |50

I~ Breaking lines

Cancel |

Wiew |

e Definition of fenders

— Fender information

Mumber of fenders:

[1or2 ==

% Ore fendsr € Two fenders

Fender (MEIIREREE

Bemove fender |

Add fender |

5 l_ ergde| |' .fe =] <
ceII fender-2500H- HS fen
cell-fender-double2500H-
cylindrical-fender_12258-710
cylindrical-fender_1850-11
default. fenders v

Coordinate of fender on shore Friction coefficiant

#o0m 215 fiar 3 directian

¥ [m] |89
£ [m] |‘I.5

for Z direction

LCancel |
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e Definition of waves

Wave conditions
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Examples of results

e Animation of motions

File Wew: Teols: Leg Eun Help

RUN_EXR01_ANI

Actual tirne: I[ll]:l]2:1 6

[

" Calculation Simulation length W (sec]
Slow start IZDD— (Sec)
= Animation Skip factar far animation: |1—
Start animation o

¥ frame ship

e Printed Output

& run03R01.0ut - Notepad
File Edit Format Help
| Mavigator version: 5.0.3 ALKYOM Hydraulic Consultancy & Research i’
Date: 4- 9-2003
Time: 12:33:42
rRun identification : ROl
FILEMAMES
ship T Toshiphws. 03vMaritimesdefault. dst
Tug T ORIDNRLZOINTesT WS, 03y Moor ingshrund3hTug. par
current RIMNRLZO1LNCes TS, 03 \Moor ingshrun03hcurrent. par
wind T ORINRLZOLWtesthwih. 03%Moor ingshrund3hwind. par
waves
swall :
Depth T ORINRLZO0LNWEesthwS. 03YWMoor ingshrund3ibottom. par
time x { z phi theta psi u
(=] £m) m tm3 Cdegd (deg) fdeg) (Knots) fKnot
200,00 .98 G98.43 -1.:22 0.31325 -0, 00768 89, 26184 -0. 04798 0.11%
200,80 0,54 G8.48 -1.22 0. 36884 0.12257 80.38220 -0, 03504 0,065
201.80 0.93 0. 51 -1.22 0.36911 0.23945 BO.4H331 -0. 00886 0.072
202.40 0.94 98.53 -1.23 0.33429 0. 28510 80.52740 0.03340 0.020
203,20 0,96 G98.53 -1.24 0. 25853 0, 21406 89.50525 0. 06912 -0.046
204,00 0,99 S8, 50 -1.25 0.27854 0, 02807 59,4400 0. 08293 -0.112
204,80 1.02 G98.44 -1.27 0.26147 -0, 21024 89.37296 0. 06648 -0.165
205,60 1.04 08,36 -1.29 0.21544 -0, 40080 80.34684 0.02113 -0.,1562
206.40 1.04 OH.20 -1.33 0.12471 -0.45351 5O.39404 -0.04037 -0.177
207.20 1.01 O8.22 -1.37 -0.02818 -0.33314 80, 52818 -0. 09637 -0.121
208,00 0.97 G98.1% -1.40 -0.20441 -0, 07755 89.72577 -0.12478 -0.042
208,80 0,92 G98.1% -1.41 -0.33231 0,21741 59.593934 -0.1133§ 0,033
200,60 .88 98,21 -1.37 -0.33374 0.43711 S90.11253 -0. 06591 0,088
210.40 .86 G8.25 -1.259 -0.16857 0.45522 G0, 20644 -0.00055 0,105
211.20 0. 88 0B.30 -1.18 0.13148 0.38965 00, 21623 0.05868 0.096
4 | _>|J/

file: ship-moorings-v9 8 of 12



SHIP-MOORINGS

e Statistical analysis in PostMoorings

725.000) Sec

Optionz

@+ Mationz
" Lines
" Fenders

Exceadance wrt ———

i zemo
" mean value

= ather

— Interval

Start; Sec
End: | 5300.00] Sec

Rev. 9: September 2003-09-08

Spectral information

Lenath of zeqment :

— Location

(% basic point

€ zpecific point

— Dutput results
Min Max | Mean | Rms | MO | M2 [ M4 |«
surge [m) -2.5583 2 B61 0.213 0531 0295851 0000363  0.000002)
sway [m] -2.464 2.895 0629 16813 2157733 0003595  0.000026
heave [m) -1.442 1.531 -0.0586 0803 0256135 0003023 0.000041
Abzalute [r) 0,000 2.956 1.443 1.254 -
4| [»
Clipboard Copy Print Pt
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e Plot of timeseries in PostMoorings

Plot window: Motions
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Seres

00

" /h

bl LA

Surge i)

% Dizplacements
" Raotations
" Yelociies
{ Accelerations

) [T

Hearva im)
=1 o
[ ]
—
[—=
=

— Type
200] i \II.J'( C {* Signal
1 v {~ Specha
e ™z 4 416 48 DE0 2 T4 TTE me S0 S { Exceedance- +Amplitudes
Tina ] {" Exceedance -Amplitudes
{~ Exceedance- +Heights
w00 {~ Exceedance- -Heights
= i i — Plat interyal
2 1A N&Uﬂﬁ EM'J \ll'& hU il JHUMW I n"‘*'ﬁU‘a q\ M Y T
3 ool AL A e - A1 w 20000 100000 g
;z Yi o300 3.00
200- 200 400 o0 00 700 00 200 ) e Sl
Timaad vh 050 0.50
o0 Set Default |
L i |
— sequence

200 400 00 [zu) o0 00 00 1000
Tima Ead
Displeerrents
Cantre of gravity

ALK OMN Hydraulic Consultancy & Research

[r”l.llq.run [ e

Flat 1 af 1 %l
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e Plot of spectra in PostMoorings

Plot window: Motions
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Seres

"~ Displacements
e {* Raotations
" Yelociies
g‘mm { Accelerations
E; 10,00 'rlv‘l' ~ Type
" Signal
- e : : {* Spechia .
o.00 o0 am o30 Qa0 { Exceedance- +Amplitudes
Fragihel {" Exceedance -Amplitudes
{~ Exceedance- +Heights
10.00 {~ Exceedance- -Heights
00 — Plot interval
g 00 begin: end:
w000 0.40 [Hz]
ﬁ 00
) A
2001 A ¥t 000 30.00
D'I:';.W oo oz o0 .40 iy 0-00 Loy
Fraqel] vh 000 80.00
0000
soco ] Set Default |
E-D.El:l“ ||Ji
g, 5000 1 Il — sequence
Liaken)
gmj:ﬁ |'H'| Plat 1 of 1 =]
I
hLatu i}
D.W“ III'-/\I L +
Qg o0 nm 020 ndd Print
Fraq(He) -
Frame | Done |
Rotations
Cantre of gravity
ALK ON Hydraulic Consultancy & Research [r:,“k‘.-w" | Fiag
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e Plot of exceedance distribution in PostMoorings

Plot window: Motions
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Series
"~ Displacements
4,00 .
¥ Rotations
1  Welocities
200 .
" Accelerations
L o
; ] - Tope
e =T " Signal
=TT {~ Specha
ol . g x 5
100 SES0 H0 OG0 50 40 W oIS W0 E43 0z 1 OF Oz ad oo i* EEHCEEdaﬂCE' +-"-"-I'I'IFI|I'1UC|E§;
Frobakility () {" Exceedance -Amplitudes
{~ Exceedance- +Heights
400 {~ Exceedance- -Heights
. — Plat interval
begin: end:
5z % 100.00 0.0 ()
i
. N ——— v 000 4.00
T .—'—...-mf'"'_'_r T
=TT
o ] o 0.00 4.00
100 250 20 TO 0 BEO 40 2 20 4E D Ed43 2z 1 QB Qz ad [} ]
Frekakility (4 vh 000 400
400
Set Default |
200
e
|11 — sequence
rde s}
i T Plot 1 af 1 =]
100 = T
T T
100 a0 30 TO D BO 40 20 30 iE 0 Ed432 Z 1 QE 0z o ol Pll:lt | Print |
Frebatility (41 - -
Frame | Done |
Rotations
Cantre of gravity
ALK ON Hydraulic Consultancy & Research [r:,“k‘.-w" | Fias
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