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Why study the behaviour of moored ships in ports?

m To provide insight in the dynamic behaviour

= Increase safety
= Improve efficiency

m Reduce investments

Royal HaskoningDHV
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Why for large container ships?

m  Ships have grown significantly in size,
especially container ships

Large wind areas > more wind loading
Large vertical line angles
Increase of line and bollard forces

More challenging to ensure safe mooring
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1997 \-_——'{ Susan Maersk 8000+ teu
2002 ﬁ-h-'l Charlotte Maersk §8%0 teu
2003 {.-_‘1 Anna Maersk 2000+ teu

2005 F—_E Gjertrud Maerslk 10000+ tey
2006 F-bz Emma Maersk 11,000+ few

2012 ! Marco Polo (CMA CGM) 16000+ teu Z

2013 H ::l, Maersk Mc-Kinney Meller 18270 teu Z:

2015 | MSC Oscar 19,000+ teu Z

2017 | OOCL Hong Kong 27,413 teu Z

2021
HMM Algeciras 24,000 tewr

Increase in size of ships in graphic is notto scale

Approximate ship capacity data: Container-transpartation.com; AGCS

Source: Allianz Global Cerporate & Specialty
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400 m container ships

MOL Triumph-2017-20,146 TEU o HMM Algeciras-2020-24,000




Largest since 2020:
24,000 TEU!

HMM Algeciras class
Evergreen A-class (top photo)
MSC Irina class (most TEU)
OOCL Spain

ONE Innovation (bottom photo)

m List of largest container ships - Wikipedia
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Future container ships?

m Maximum length currently: 400m
m TEU has increased to 24,000 TEU
= Future size: >450m, >26,000 TEU?O

Relation between Loa [m] and TEU [-]
30,000 +

25,000 - O @ Design vessel

M Small feeder

TEU [-]
A HE-

20,000 - Regional feeder
A Feedermax
15,000 - :F_ ® Panamax
X X New Panamax
10,000 -
X + Post New Panamax
X
5,000 X o
0 T T T T 1 A
0 100 200 300 400 500
Loa [m]
Effect of mooring line type on mooring safety of Ultra Large Container Ships | 27 Royal HaskoningDHV

August 2024



Safe mooring of large container ships

m Post/New-Panamax >350 m, up to future vessels of 450 m
Improve the mooring given the wind climate in the port

m Possible measures to improve the mooring:

Winch management (400m; 20,000TEU ULCS)
Effect mooring line material (450m; 26,000 TEU ULCS)

Used Line Types of 400 m ULCV’s

PE / PET / PP {207 ships) HMSF

av. MBL=131t

37%
av. MBL=156t

PA / NYLON
24%
av. MBL=1501t
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What is a Dynamic Mooring Analysis (DMA)?

m Computer modelling of moored ship behaviour in time-varying (i.e. gusting) wind
m Moored ship in wind = forced mass-spring system in 3 degrees of freedom

m Force = wind
m Ship = mass

m Spring = lines & fenders
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Used software

m Diffrac and aNySIM by Marin
= |In Diffrac:
= Wave diffraction
m Proximity of quay and seabed
= In aNySIM:
®m mooring points, lines and fenders

m additional viscous damping

BEITER SHIPS, BLUE OCEANS

Fig. 2. lllustration of damping effects
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Drag coefficients
s sway s

0.90

m Based on Test Report on Wind Tunnel Studies,
Hamburg Port Authority (2015 & 2020) o [

m Globe: Superstructure fore and aft - AN

0.60

m 13 tiers, fully loaded

=
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G- ha

m Coefficients for surge, sway and yaw -

m Effect port surroundings on wind force not
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lllustration dynamic response

m  Oscillatory motion
response

m Peak loads in mooring
lines

m Fender compressions
in off-quay wind

ﬁl,ﬂuyal

HaskoningDHV
Enhoncing Society Tagether
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1 Comparison winch management

m Winch management is important in ensuring vessels are kept safely moored

m Increasing pretension when adverse conditions are expected can keep winches from
rendering and lines from snapping

m Example for Post New Panamax: 400m /20,000 TEU
m In modelling: pretension 5 and 10% of Minimum Breaking Load
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1 Comparison winch management

m Maximum mooring line force in simulation

m More pretension = stiffer mooring = less motion response in time-varying wind

D EEEE == . EXEE[EE EEEE S5k
e 0 = EEEE S5 S5 S5 EER
S u R P | - |
[1 1-16 | 5 ) ) o = SESIER BRI2RBS ERw 1-6
g = --“m e e et e = e EE“ E=2 ; : f A
. SEEE=SE == == =B = S EEEE EEEEEEIEEl
¥ ? T Ei ———— - - — | g AT R
-{D_L# ] =a‘ i ﬁ‘m"lﬂl T ‘}f:_ll- z :I_ ‘f" i 'i . e "'__w - _‘J‘ hi. il Jl_—\ il | ‘_}_ e "
[ ' ' [ a
9-10 i i ] il 7-8
Maximum mooring line forces ULCS Southwest wind 14my/s
- SN N N D I AN N N T SN B T
= | | | . | | | etention_10percen
% 700 ! —Oﬁ:qqawlnd_l—l— ‘—}_ EEm Pretention_Spercent
é 500 s i 3 b il | E— | at 1 1 1 i il
3 | | | | |
5 400 = = = = i |
Q
E oo I R
e | | |
.g 200 <4 -—| —] - — - b — . — — | - i R —
H
= 100 - — - - - — — — - ——
o

MLO1 MLO2 MLO3 MLO4 MLO5 MLOG MLO7 MLO8 MLOS ML10 ML11 ML12 ML13 ML14 ML15 ML16
Mooring lines

13 E\Lfgﬁtssfzgnzo‘lonng line type on mooring safety of Ultra Large Container Ships | 27 Royal HaskoningDHV



1 Comparison winch management

m Polar plots max Fline => limiting wind speed plot

Max. mooring line force (kN)
with pre-tension 5%

14 August 2024

Bm/s wine
10my/s wir
12mifs wir
14myfs wir
16mi's wir
18mis wir
20m/s wir
WLL

MBL

180°

Max. mooring line force (kN)
with pre-tension 10%
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0'0

-9 Wind speed_pre5_mis
180° -#  Wind speed_preld_m/s

Limiting wind speed
for safe mooring (m/s)
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2 Effect mooring line material

m Future 450m (226,000 TEU) Ultra Large
Container Ship (ULCS)

H 7.8 9-10
1-6

45

—

Maxirmum mwaoring lme forces [k
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o

g
2

g

200 A
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T
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Moaring lines
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MLLS

Typel
Tepez
Tepe3

Table 1 Main particulars ship used in analysis

Future vessel
Parameter Post Mew
Panamax
Cargo capacity TEU =26,000
Length over all Lay 450m
Length between perpendiculars | . 427 5m
Beam B 63 3m
Depth D 30.0m
Draught T 15 5m
Displacement A ~345 0001
Transverse windage area A- 19.205m*
Longitudinal wind area & 2.883m*

Table 2 Particulars analysed mooring ines

Teped

Parameter | Type1 | Type2 [ Type3 | Typed
No. of line 16 16 16 16
Material HMPE | HMPE FPE Nylon
MBL (t) 230 160 130 130
WLL {t) 115 80 65 65
Tail Mo fail | No tail
Iaterial Mylon Mylon
Length (m} 11 1
MEBL (1) 310.5 220

Royal HaskoningDHV
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2 Effect mooring line material

m Limiting wind speeds Limiting wind speed for safe mooring

m For stiffest lines governed by bollard
forces

m capacity: 150t
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2 Effect mooring line material

Limiting wind speeds
m For stiffest lines governed by bollard forces

Limiting wind speed S%perate criteria _ Type 1 imiting wind speed seperate criteria _ Type 2
(=] 00

270¢

MBL fine_kn

WULL fine_kn

- Max fender deflaction_ m
— SWL Bollard_kn

MBL line kn

WLL line_kn

=~ Max fender deflection_m
~ SWL Bollard_kn
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Conclusion

m Use: DMA to understand the moored ship behaviour in ports
m Purpose: improve & safer mooring whilst enable higher throughputs in ports.

DynalVloor

m Several possibilities to improve the mooring of large container e o oD

THROUGHPUT, EFFICIENCY AND SAFETY
|

ships in wind are:
= Winch management (pretension)
m Line make-up & material

m Butalso:
= Mooring force predictions
= Crossed mooring arrangement
= Tug assistance
= ShoreTension®

e
-

Effect of mooring line type on mooring safety of Ultra Large Container Ships | 27 Royal HaskoningDHV
August 2024
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3RD PIANCASIA PACIFIC
CONFERENCE
27-30 AUGUST 2024
SYDNEY, AUSTRALIA
WwW.piancapac.com
Connecting Asia Pacific ports in a changing world
Thank you for your attention.
Questions?
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Smart Mooring

m Response predictions based on wind forecasts: Smart Mooring | Royal HaskoningDHV

Simulated vessel
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Mooring line stiffness

m Load-elongation

=

= From OCIMF MEG4 £ — -
m Effect of mooring line material, MBL,

length and pretension on mooring line E 4

stiffness E

| 1
10
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Safe mooring of large container ships

m >350 m, Post New-Panamax
m To improve the mooring given the wind climate in the port
m Possible measures to improve the mooring:

1.  Crossed mooring arrangement

F

2. Tug assistance
3. ShoreTension® mooring system

I
Results are based on numerical

modelling of the response of the moored
container ships in time-varying (i.e. y
gusting) wind (Dynamic Mooring Analysis) §
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1 Crossed mooring

m Example for uncrossed and crossed mooring arrangement layout
m For Post New Panamax 369m / 15,000 TEU
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Crossed (top) and Uncrossed (bottom) line layouts
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Maximum moaring line forces [kN]

1 Crossed mooring

m Example for uncrossed and crossed mooring arrangement layout
for Post New Panamax

1000

800 A

600

400 A

200 A

Maximum mooring lins-+fereag Pos
| | |

t New Panamax uncrossed and-efessed]ines East wind 14mps

MLO1

MLO2

MLO3

MLO4

MLO5S

MLO6

-~ WLL [kN]
| EEm Crossed line
= = ! I Uncrossed_line

MLO7 MLOB MLOS ML10 ML11 ML12 ML13 ML14 ML15 ML16

Mooring lines
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Maximum mooring line forces [kN]

1 Crossed mooring

m Example for uncrossed and crossed mooring arrangement layout

for Post New Panamax

Maximum mooring line forcaes Post New Panamax uncrossed and crossed lines Southeast w

ind 14mps
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2 Effect of tug assistance

m Tugs pushing in the side often used in ports in adverse wind conditions
m Example for Post New Panamax: 369m/ 15,000 TEU, with tug assistance

S
Tl
iy
] i

Transverse wind area: ~14,000 m?

16 polyester lines
Minimum Breaking Load (MBL): 1300kN
Working Load Limit (WLL): 50% of MBL = 650kN

M.V EXPRES S ROME coming to SSIT port (source :
HaivanSHIP)
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2 Effect of tug assistance

m  Significant reduction maximum line forces
m Tugs push ship into fenders, resulting in less dynamic response
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2 Effect of tug assistance

m Limiting wind speed: maximum mooring

. . . . L' 't' H f . .t .
line force < Working Load Limit imiting wind speed for combined criteria

m Circa 2-4 m/s increase of limiting wind
speed (based on 100-200t tug force)

m Tug assistance is effective but involved
costs can also be high

m More importantly, tugs are not always
available

-# No tug
~-® Tug_BP_100t
- Tug_BP_200t
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3 ShoreTension® mooring system

m Flexible stand-alone mooring system, based on a permanent tension of shore mooring
lines (www.shoretension.com)

Effect of mooring line type on mooring safety of Ultra Large Container Ships | 27
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3 ShoreTension® mooring system

m Example for HMM Oslo: 400m / 24,000 TEU
m Four ShoreTension units

07 B1 B2-3 B4 B5
r 0 L | % T T : ——— | ‘
25 175 25 s M.:QJQ_" Al 525 v 2
! j . ME11-42 &
E :7 i i
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! L _".; B | |y
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: - - ; = - — % ¥ .
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. =1 = it | e ;1 = e Ml—.-i"l':»ﬂ;?-\.\ ST3-4
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70 4 e

Mooring arrangements HMM Oslo (bottom mooring arrangement including Shore Tension®)
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3 ShoreTension® mooring system

m Surge, sway and yaw motion for T=14.5 m ‘ Significant reduction
m  With and without four ShoreTenS|on® units motion amplitudes

mmmmmmm

/WWW\ A MW\/\ ’W‘ o =
il me i N\f W iy < .
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3 ShoreTension® mooring system

m Circa 5 m/s increase of limiting wind speed (four Shoretension units)
B Required: sufficient space on quay, sufficient number and capacity of bollards

Limiting Vglnd speed Limiting vg!nd speed

|
,,,,,,,,,,

11111

-# SWL Bollard
- |- SWL Bollard - - WLL moorin g line

-#- WLL mooring line — ] e - Fender deflection

180° -# Fender deflection 180° -® SWL Winch

-# SWL Winch -®  Allowed ST excursion
Allowed ST velocity

Polar plots limiting wind speeds HMM Oslo: excluding (left) and including Shore Tension® (right)
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3 ShoreTension® mooring system
m Example for HMM Oslo: 400m / 24,000 TEU

Conventional mooring layout Shore tension mooring layout

- 14my/s wind
- 16m/s wind
- 18m/s wind

20m/s wind
180° -e- 22m/s wind

o
180 -®- 24m/s wind
— WLL

Polar plots maximum line forces HMM Oslo: excluding (left) and including Shore Tension® (right)
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Conclusion

m  We use Dynamic Mooring Analysis to understand the moored ship behaviour in ports,

m with the purpose to improve the mooring to enable higher throughputs in ports and to
ensure safer mooring.

DynalVloor

m  Several possibilities to improve the mooring of large container A DYNAMIC MOORING SOLUTION TO IMPROVE

THROUGHPUT, EFFICIENCY AND SAFETY
|

ships in wind are:

m Crossed mooring arrangement
m Tug assistance

= ShoreTension®

»  Dynamoor (Trelleborg)

e
-
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Conclusion

m  We use Dynamic Mooring Analysis to understand the moored ship behaviour in ports,

m with the purpose to improve the mooring to enable higher throughputs in ports and to
ensure safer mooring.

m  The most cost-effective solution depends on

the number of tugs available,
on the number of visits of large container ships,
on the wind conditions in the port and

on the existing quay infrastructure.

m  Another solution to avoid unsafe situations is response predictions based on wind forecasts:

39

Smart Mooring | Royal HaskoningDHV
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