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PEEEAR > FEEEFTAHTRT S SE PR HIS A 1 BN SRS HRAS
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M TR A SR SR A T

BN EZMERH BN > fERE e MIEY S - ES3eRT - A
FEA TR RALAY S BB R R BC & - MRS PR /4R B S AR BRI 0 - B
AR HRAE - RIS AR LRI & - Boa AT B S ERITIRE - 55
Hh o BISMTAR SR AL ROATRAZEa5 i - BIntS e Py fe A\ B Bk SR A
EiEEER SRR - ORI ASTEIENEE -

PRGSO E T ERA - (A &R A E AN RS /8
5 B EFR > SEHRHEEAREAIRE -

—MRIER > CAMEAYAS LT » Bl - SRR A o EREE - AR
W B O RSB R R T EE - RS - (R RRE - IS
fRE& - HEEFEE - BEZEBRRREETE - (HEE R T DAL E &
a0 GREEE TR RIS S A A AR E -

ARG EE T I SE - FTDUERZ A ORI B &R - e AR
R A B RCARRI B - OFREEUT 5 G e SebhiRpiA - B
TERER 5 BRI ABLCET =0 » SRR AR - MInEO#5E - %
H PR P s YRR S - TR AT A > R T sk A A B A
BIMBORE » A REARE BRI GS -

BSERAL BEHYHE  AIARURT AR LRI VR A BRI R R R
B TE R PAIF [ (downtime) VIR £ - S0 EESBRE F RS » e B A
w5 AL BEAHEHVEE EE BN EA- AR (wave) » MBI (current) » HR
(swell) » REHYEERSTTE)(manoeurvrability) FE & fl R RN 2 R TRERMT ERIPRA] -

M RIS A ESTE R AR E AL - R I E E SRR A
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AR BRI BERE fy AR BB AR aaT ) - Z IR 20
Ko 2R - AR 0 THE /KSESISRE T 5 BEARBIAN CACARER
B RN B RN EG RS AE  (ERAAEEZ T - wRaEE
TAER o S E SRy - HEANRH{EAERTEE N - LR R WORT A - 282
AT DL R R (ORE TAR R -

AERIE I — (E R T A8 AR ARG/ SRR - PR LRSI &
(B4 - BAETL > BYNKHEHEREY > B REGHm R EBHYHIR
AREE ©

SHEFAE LT SRR TR - AT SRR - EEREE I ER > HEARAN
FISREARI A4S AR RE - BIEFAFIAEE - fECHRSmEsS -

BEfr et N R St BA S R s B NE IR AR - HHEEER
R EBAE S GREBIRAERTIRIE & > SOETHEE - SUETTIER
[EAZR ISR A S5 8 A R ©



ELES
AR HH B SRERARAE F R P AR B/ 4 BRSBTS & - AHRE
SEEN - MEEHANBEATT -

15 BB I RTIT

HEEARY F A B - RGNy Y &Y - BSieRiesdT - A
FESER A LAY R B S R Yo & - AEEIRIER MY/ 4 B A AH REEE
o HAnvscias - FELIERE AR ARG ER - o g A BB SRR
P25 550 BIAMCASEIEIER Al SUlriizeacts - (- E A nym A B E
A - G EENEYIRFE A - M EE SR S -

—fIM = - S a7 ROER 7= eI AR CREHEINE
YITEIEE] ) BB EE S (Dry Bulk Cargo, Liquid Bulk Cargo) @ &fE
(Container) » —f¥E&EYI( General Cargo > HE&EUFESHIEHEE) > (Ro/Ro
Cargo) °

BEERMREED U&7 Ry ( Quay Wall), (Jetties) :

Quay Wall 6%BH : T ZEEEZEEE - nLAERERS - 8B - EEUEE
HPREYREEE - EHER T - ERREYIE - FiE

Quay Wall HEBE—f&{Efy General Cargo, Container, Dry Bulk Cargo i
o REESRCICE S/ GRBEAT T

({5
1. G REdEE
2. AR © w8 A ses E EAE  aakTy  E R -
KNSR S Ak il
dRES
1. EFEEMS @ [BUEARR &
2. NofER - 2 REE A NRHIEE A 5=
SRR - BHWNARUH - SUREEIYIEE - BRI SRR
ST AL AR -



E




Jetty BEEH :

Jetties T EHrH4EMBIREIRMIAY2EE( Liquid Bulk Cargo) » —#%
7= LNG » LPG & b2k} - BORE Aoy isns - ERES -

Liquid Bulk Cargo #ZEE(HA Jetty B - BRB{EENEHATEETE OE
ERHR > B T REE T RS > TIRER Ay S EEBY LB SHVEE > S
O REBEIIEME » JSAWERFIRIE > R DI T = -

Jetty BALEYHEA Breasting Dolphin > Mooring Dolphin
Dolphln 7T<E/!ﬁ? E—@iﬁ TS ARHYEE +EM%§’%EE’JT’E)EH




DUFHRR /48 » RE Jetties JEaNAYHETEE IS

(s 5 A FCHE {5

Bridge shiploader

e fEA Jetty LNG-LPG 1M




Ro/ Ro cargo harbor
Ro/Ro Cargo= Roll on/ Roll off cargo= wheeled cargo, such as
automobiles, truck, railroad cars.
Ro/Ro cargo Direct vessel
d approach
FiREZ
PR SRS
TEEY AR

Floating pontoon system
LB LK - A E PEEHIE
}\ _ HEEREST AR S 2R

Movable shore link spans TERG E R R E RS

% B L B A Rt e



AR &

G EBRE E*F”E’JH%W* s tEC e ER > LA
TR B *E%H%fii; 277%@ Seio N R
K EGEA RE (AT mEEEM R %ﬁﬂ%ﬁ% )

K ERE(Marine Cranes)
{5 FH PR

HK#k<100 T

s FHEARR SZ PRI RAR
RIFTA RER s 22 AR
TKEEIRHIRTE

Al T e 2 T M

7K b RE /B (Of fshore Cranes)
{5 FH PR

AK#E>100 T

{5 A HARR SZ PRI R RAR

AAEE marine cranes 35S
TKEEIRHIRTE

AN T e 2 T RN

K E/HEFHRIZE mEE (Jacket -up barges)

{5 FH PR -

ARE#E>100 T > AR Jacket-up, #oEEk
JItEEES -

{55 FH 2 PRI R RAR SR

A AEE of fshore, marine cranes ¥&5
TrEMESE BT  FoAE FERE

b=

Z3fGHE T.(Cantitravel bridge)
{55 FHRR A -

7 A BRI AR
AZBRIATE 7K S

TAEFE nHE R 240

. TfEMERF



r‘i:%ﬂ%%]: EHA4E (unloading equipment)- A IHEES & » EFEHS
X&3597 EEIT E

{EERAGENER A (A (Liquid

cargo equipment)

HZ A S AR (Dry cargo
equipment)

B GV T > F T A K

& (Containerized ship axffi (Dry

loading)(Dry bulk) cargo equipment, high
capacity) (9000 tones/hr)

A MR A S I

(Continuous ship unloader)

.ﬁﬂiP(grab unloader)



i

IR % - A5 m E (Screw
unloader for dry bulk cargo)

iEEAeE T B - & hEEEE T E
PIEEIEN - Bk EIRER - DA
HIRFIHE T (BB S EEEE - A E2EEA
T IR ERCRE - BRRE eI -
KAV Z IR




Bl AT (Tube conveyors) » &l
A o

{4 PRI K E (Typical container

FEEH :
ERIFSRIKH (Deepsea container crane)

crane)

- e = els}
EEHIAEEIE R (Container terminal
with dual side loading)
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Jetties HEGH » fils/BfLAE (dolphin) » HFEEAL B R EE

breast lines spring lines spring lines [ breast lines I

head lines

'HDQQDC

7N\ ‘
\

Mooring dolphin Breasting dolphin Mooring dolphin

Typical view ship shore interface jetty

Interconnecting
catwalks

Breasting dolphin o Mooring dolphin

& 48 breasting/ mooring dolphin MHEIAIE/ TEIMLEEMAIER

Moorings at new Panama locks

Bollards at regular
intervals

Stand alone capstan

e

11



Typical mooring dolphin

-
[/

'Quick Release
Hook assembly

Rounded edges to
prevent chafing of
mooring lines

e Pl

LR BGERAEE - ﬁéﬁ"‘fﬁﬁéﬂ%ﬂ%i‘%ééﬁﬁ (PR S - A

AR TR TR SR R R -
Breasting dolphin

Quick Release Hooks for Supporting structure
spring lines Jﬁ»? (steel jacket)

(Floating) fender

m@bﬁ%%‘}””*ﬁ ﬁiﬁﬁ BB#‘E]I@ ﬁiﬁﬁfm‘%?iﬁ' > A DUPRERRR §

Land based moorings

Storm winches for
connection of additional
ropes from ship
(not often used)

il o Quick Release Hook
! ;Fm ’i‘ ‘ with separate capstan
U AIETA N %?HE ’ 'H%?EH%%@

W

i
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SRR E RS

|
Il

L
il

ey b
oomp s e - - =0| =0 0 | o mpg |l

Berthing approach system

SRRt > HEh T Ve SRR - R RS R R b B 6 -
AR AR E A G ©
GPS fLfHSEH 547

0.11kts)>

183.8°
5.8°
0.91kts
2.1°/min

0.90kts

0.17kts
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BB » AL FeFal GBI 19 » AL HBPs OB T
CARL Ao

e L 25 AR A
%) - /Y -
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1B REA a1 1A

HESRSE R URA E NSRS (HEA - (B3 2 UHEBER R ERUA YRR - )
5o B REFIR > ERIREE 5 A N IR -

—RRARER > ABRAYAELT > [ - SRR o (HRE (- iR
W EEE VRS TEE -

FRATRRAEL > (EHAZE - iTHERE > HEEEEE > BE2E5R

SRINZEEE - (HEREREERIE AT CALLEE =T - TR RIFHINEE - FAFRNZRE
486

LURAr4E > A [FIRESE 2 AL

AT Quay walls BEBEMVAEMETE =48 ¢

ey LA Superstructure
- T concrete cast on site
- pud
— J AO ‘:’g‘%z

0 ?ﬁ%gn ET |
Concrete
Concrete cast % prefabricated
n site ; element
o Rubble fill s ;
Blocks
Fill
material =

H
H %

TR TR, R
Caisson
Block wall

Concrete cast
* on site

NANCANANAT

Prefabricated
L-elements

L-shaped wall

15



Caisson

Block walls

Block FEESEFEMEBELG > HE
i EEEE -

b EEEFH mE AR -

8 EERZRET S92 K EmEm
X - EERRIEA Jacck-up °

16



[EHE )t

Szrafghr web profde

Siegpsst

Top view cellular wall

2- Sand fill with the aid of dredgers

e
g | Mo
ey

17



B L - gL

AR =i
LI—; B L
- il

Sheet pile & Sheet pile

sl Anchor wall ™ wall
e ed TR

-
Grout %
anchor

121

S T - AT S - AR (AR R D SR ) > TR it @fzﬁ’*—éjﬁ&ﬁ% °

Hel/ewng platform :
Relieving platform
_V_.‘ oS == / Drainage
e ey

Combi-wall Tension
pile Combi-wall

Bearing w
pi/e // /
. !

Bl LB
’ B=Cal5H
“ SEACA AN,
= — " Anchor
H= )
retaining . .
eight Fill material
|
NN
Pile driving depth = Front wall Rear wall
0.5/1.0H
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=
Ht G (sheet piles) Combi-wall
= Concrete deck
RO GRS Prefab pedestal footing,
beam and floor slab
== WP‘ BT RT T T i
/A Il
— I\ = -

w — 1 — —
) u‘t | M= [
M Filter structure —_|| %/f;# \
% Sheet pile wall —
E |
T \
/| \\

Concrete pile

Concrete
pile

s "
n wapeningskolf
inpaneel
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WHAAE Jetty HEDEAVELRE

LI Jettics AEEEAACETL/ Il et ties HTRAEEN(E AR P AR

Jetties HEHHAET (EHRMGIE RZLEE - ARSI AVEE 0 HEk
BEAVHE T(ER » BAAEIVEEEE TR - anE KRR EHEE S - (HEE
BRI G L - G Rt ELi Bl (RGN BR /R ER )  misehit
ETERA I RELERYE - (EREEN LT AKESE « B > BEEEEFR
e o INERERFE EEE L - SRV EEBR PRV I (B R A= BEYEE - A RE SR
B RIAEE -
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BLIEE DT

AL B R - FPAERZ A OB RTRI A &R - e
e A B ERAR L - FEE s

MR e e e ELE A > 5 R R

AR - EIPREAREES © MEARES - 1 LU EAYHEERE
B EISERNEERD - SUAEESEEAMIL > SR AR T
R o BREMAFEBESENER © UG ZPE > A ESEasaatvEE - it
e SENSERRIR ] - SR ABIVIGRE] » MEZ IRV ISR EERVEER G -

DIUNE TR 8 s En R N - s B BAHY SRR ] - A0S
BB AV -

e LS
()
PHEA: E D E IR > E R O B O BIEEH &Y > &YE s O
()
AALHARE ABHI E>WIEEL EY) > EXOE 1> EEY > EYE
RHEC

WEEHEE A - ISR O EYEHT R
Terminal development vs berth

CapaCity second berth in line with
terminal throughput

Terminal expansion scenario

_oneberthatstartof : /i
operations ;

—‘—Anticipated thrc;ughput
= Terminal capacity
e Capacity berths

Year

SEEA - B HEBEELE (berth no ) MEHIERIIAEY & © FtiSENE
ENTERIEE » DL AREEA -

SN ERYEM FEORENFEBNER (s EE/ BEER oL

BE B AR)
DASIRE AR B -
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EX1.

[ R 1 AR 12822 (dV/d t)=500ton/hr
BLEEFAE V=100,000t
FRETEEYIEE dS/dt=1,500t/hr
EAEE=20,000t

[ 45w | A S E I R T 5L

V=(dS/dt-dV/dt)*t,

100000=(1500-500)*t, t=100hr=4.2d ays<l week,=2>1 berth

EX2.
[ 1K EX1 . AR %=0.7
EEFEAESRT (arrival & berthing time)=3hr
SR EEARIE R (ship departure time)=3hr
i AER#EGHEZK (Max. deballasting rate)=0.1 DWT/hr
[ 455w | AR L EIF R T 5
R AEEPR (Ef fective loading rete)
=0.7*1500=1050 t/hr [<0.1%20,000= 20007,
[ € 1050 » (R A2EEl SRR KN BREHK R > m g A MENE
faks > HUsECEEY INIEE Rl dk 2R ]
DHEAEHIFEER = 3+ 20000/1050+ 3= 25 hrs
AL EIR AR TR
V=(dS/dt-dV/dt)*t,
100000= (20000/25-500)*t=>t= 333 hrs= 13.9 days> 1 week,=>2 berth

FEA s - AR R A > SR SR B TR A
HESA{E IR T T BN R >
B/ MEFRHESERHE > S XBBEEFEAE (ber th) A& - M0 berth £
BRI >ERFE L HEE - LHHTGHA - @LBZK ’

Arrival characteristics;

Container terminals
denerally better planned

Distribution time arrivals

" .'_‘. ¢ Poisson distribution (Typical General Cargo
P m m Erlang 2 (Typical container terminals)

= & 2l | |
2~ 08 1+— S — — —
g BT, | 3
s = [ ]
A & 06 g 5 — Optimum curve for single size cargo
g = * : ® ships arriving at regular intervals [e.g.
w8 041 v dedlcate LNG import/export]
= = ‘
£ B e |
o
g = o2 4y , :
o Sssasa
0 1

t/T = (time / average time between arrivals)

FEERI SRR S R S YN IS R E IR I 2 R BERTE N R E EY)
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A TR LA RALER NG s » BRDRR IR FBRAE - RS s
%jz o
Occupancy versus congestion

[refer Tsinker: PortEngineering]

3p4 Occupancy vs congestion
Typical General Cargo berths f /

2.5 | g One General Cargo Berth
20 4 == w0 General Cargo Berths -
- -A- = Five General Cargo Berths /

Congestion factor
(Waiting time / servicing
time)

0 01 02 03 04 05 06 07 08 09 1
Berth occupancy factor =

(ships at berth / total time)

[l B ZE ZE S A B2 0 (5 P S0am U TER (% » BEZSHY berth no. AR RFIFH
b

Port efficiency and costs

losses due to losses due to
low efficiency port use waiting time ships
7]
]
8
Y
5 | Expensive cargo L
=}
£ |(e.g. LNG)
Optimum at relatively Expensive port
=== High Port costs :
low occupancy factors . (e.g. marina)
=#="High Demurrage costs|_| Qptimum at relatively
=i [ntermediate case high occupancy factors
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Occupancy factor

R LIRS T [RRES S 1 (o8 FH A B A TS, - SR

HANERE RFSR AR > S8R E R AT RR S INE AR - i s RISk
//' R LNG it » = (AP EE AR RTHE A - HR@iB R RN 55
RN - BESEIRRIIA ¢ GS A RSB B s AR > B0
BRIk -

[ &G fEE B LR - R/ 2R EEA - FTUEREREFAHE  FE
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I > ATLAE DD berth no. o {H¥EH0 berth no. » R B/ EERA
fem o FTCAEfR TERERE -
b reER RS
1 F &%/ (general cargo berth) : berth / vessel= approx. 1/4
(EEALARTT(LNG berth) 42 FHIF[E] (downtime) <10 %
Ay CEE F R/ F R SR A L Eh= 60%
LI (OIl berth) & fE{EFE)H %4 % (occupancy ratio)= 70%

SN B HE R e TN R B F R L 2B EEE - 22 ING AL
Ryl o

Safety ullage storage vs downtime
[LNG berth taken as example]

250000 3 B e e S T R
Marine we:ather downtime [duration 1 in 5 years event] |
200000 \I\\‘J[‘:’m] =5
2 I -.=';" Terminal breakdown [12 hours production] |
— ""--ﬂ'/l/l | [ e it It Mt M | |
o 150000 Late arrival [12 hours production] |
& = ~
S
» 100000
-
=
©
= 50000 - —
0 i
0 200 400 600 800 10 1200
- Time [hours " .
Rate tankfill [ ] Ship loading

FERERHE ERCHE > bR T BT s R RIN - I EHREOIIME
A ERANE - BIIRIRAZR - TEERS AR AE ] - AEIER S

A HRE[EFIIFE] (down t ime ) T2 BT

s EAE R H{EHERZR
Downtime ratio AR I T A A S
EX. A SRR - MBI
FrE&EME downt ime 4 WEEEET B RS Mt =
BX . BAMRI S AR LI EY)
AR RZREME T RE R EY B R [E
LKA E] FRFHATEHE O F K =
JEFRPR B RRNE R E S48 E /N TE
HIE
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Downtime WHZEFEF

HapL Step2 Step3
RV AT Al HE A T 51 UL G
| A RS R S S5
£ S 5 © )
Step4d

AaESMEF e

Step5

L I AR 2B
Stepl.
TBREAE

Bkl AR R R R > R 0 R R RS R
S KA -

Fid  BHE A TR -

A R B ER - AEIEEY - S -

Step2.
Downtime study steps [2]
Assess durations of stages in ship handling [example]

operation and duration | Duration [h]
Berth approach: 6

B1 boarding pilot & initial approach [1h] 1

B2 final approach with tugs fastened [1h] & berthing [1h] 2

B3 connect arms & line up [1.5h] 2

B4 arm & ship cool down [1.5h] 1
Unloading:

UL total unloading time [14h] 14
Departure: 6

D1 purge & disconnect [1.5h] 2

D2 prepare engines [1.5h] & others [1h] 2

D3 disconnect vessel & depart [1h] 1

D4 disembark pilot [1h] 1
Total 26

BRI - E1E o BIHOE - ST -
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Step3.
JESERR A A 34T
NS - 5 [ 2 A BRR B (BX R O8> BT > AR
FETENE - BT R - R IR N BRI T ] RE M R e
e PR - B A 25 [ PR AIIAE ] -
Typical examples of navigational limit

[to be assessed on the basis of a nautical study]

16
- 14 - =
g 12 —
L R T Fo
228 e B
SE el
— - &
% 6 "‘ ¥
= ] e
2 T ek -
z.* ¥ .'.ﬁb
04 = s‘l

“\S !
0.0 0.2 04 06 08 1.0 1.2 14 11
Near shore wave height [m]

&5 BRHTDRAS - BRI b

Typical examples of moored ship limit
[to be assessed on the basis of e.g. a TERMSIM study]

6 lmzm 90 l—
» LA L] L
NN s A A B P e
A w5 ] i 7 1] R
| | | P RN
0 I.sn Iam
5 x
A
T A
A n R
A
'E 4 A 57s
k] A 3 b /A n\\
g + A / e A | % 11-13s
@
£ 5 L /] —11-3s i
@ 7 2
& Rog o N P % 13-15s
s ‘\ | A | | A / ——13-15s fit
£ A N A 4 A 15-17s
- | | | = e | .
= 2 \{ A ' /x’ oy A / ———15-17s it
3 . — &
=] 1 o [Tl | B 7 X _—x | a 17-20s
] x -4 g =9 % / ¥ L | 17a0stt
‘A\ T T & ~ I T o — A f y¥i A >20s
o gy, 7 = / A — ) |—>20sfit
1 " | L . I A
a* = A f\ \x\k_xi 4 X e \ X/ £ T
R S AN ] T A A — ‘—f 2L LA
\-»41 _f_) 3 8 = ~L & 2 x i
e S e e B o
0 e e e = =
0 45 90 135 180 205 270 315 360

Wave direction [n to bow]

_EEER AR SEAER S © AEDRE - FUREAALE T
HECAE R SRR IR 1= 5E
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Step4.

Downtime study steps [4]

Time line results downtime events

time series data of
environmental conditions

safe unloading & safe

de-berthing limits

safe berthing & safe mooring

..... Al

T ‘M\_n =
Vv : W‘V\]"

N A L 9. iy
foutd i .
time between
pilot to pilot inter arrival time AN L
e
1] [ Hunioading] 1111
I . .
d rt berth .
intermediate
J waiting time
Al
i [ |e 3] | |G carer 4] , A =] | e >
i | T LU e
8 8 8 8 8 8 i % 8 5 5
= 5 5 S g 2 | Generally not accepted; Loading to 2
be completed on one go
[ERBHRE R E > downt ime AYEEAETRIRSTAT
Step5.

ZEF1 downt ime

Downtime (=waiting time) ratios

Mean of Mean no. of slots Total Waiting
no. of slots with waiting time waiting time ratio
[#/ time [% of
period ] [# / period ] [days] total time]
All year 342.3 17.3 23 6.2
January 26.1 35 5 16.6
February 235 25 4 157
March 27.6 2.1 3 10.5
April 286 1.6 il 4.4
May 30.3 12 1 2.3
June 29.9 04 0 0.5
July 309 0.1 0 0.1
August 31.0 0.0 0 0.0
September 297 0.2 0 0.5
October 306 06 0 13
November 274 2.2 3 10.9
December 26.8 28 4 12:3
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1B GBI/ EHTRE

BEERAL ERPATE - BB iSRRI PARTE] (down time ) 324 - 1A e &L

AYEE AR - SRR downt ime HYIFEIARR: - SA EEREEHAYE IR - M5
B

BEAHEREEEE R EA - R (vave) > i (current) » B
(swell) » AESAYERLITE) (manoeurvrability) SfERIRRZE K TER T EAITE
il o

HM IV EERK > IREEEAF(p= nv) » SiEFEERE —(EREEN
HoTERE > 2F TERE ¢

Key function marine structure during berthing
operation = Energy absorption

{F5E4% (berth line) HYAE-AL S BINGIHEMERIE - HR
(0.25~0. ) *(MiEH &)
Where to place fenders/dolphins ?7?77?7?

(island berth jetties) |
LN |

— - |
NN s S 2
I ! Maximise distance to

|
< > increase stability of

moored ship

Limited by requirement
to have fender at
parallel body of ship

Concluded industry recommendation:
Spacing (0.25 — 0.40)*(Length Over All of ship)

28



The berthing ship at a jetty

Centre of gravity ship not too close to outer dolphin
to keep her under control
[typical maximum offset 0.1*LOA (<15 m) from spotting point]
[spotting point = centre manifold at centre berth]

Outer breasting
dolphin H = -

Inner breasting dolphin
FOAVIZSE - REENHY o RSEZT M breasting dolphin
W R/ OME 0.1*LOAGIT /NS 15M)

Ship shore; berth lay-outing
Straight berthing line ?

Generally not preferred:

— always parallel mooring of ship along quay / jetty=» stability of
ship & no risk on punching of fender panels in flare of ship

However, sometimes used to save on fender / pile costs =

— Check compression characteristics due at parallel berthing
(fender deflection can be smaller, but should not be overloaded in such cases)

Berth line il A kPR AR » INEARATRE S A S L& mooring dolphin Y
bz > IR B EAG S TR IRL AR R R R BT

EX.

BB LIEEET LNG A 5ENHEEY 75000-160000 M3
75000M3(LOA=260M) > {£5E4£=(0.25-0.4)LOA=65-104M
160000M3(LOA=295M) » {£5E4%=(0.25-0.4)LOA=74-118M

[F:A% breasting dolphin REl&E%E ] 85-90M T i & 2%t
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Position of selected moored ship

End of
parallel
body fwd

Centre line

Centre line e e loading arms
manifold
Midship VN Centre line

& berth

*Parallel body
relative to berth

End of
parallel
body aft

[ AT o BAREGE IR T > ffE5ER (berth line) HYRH¥MI B

*parellel body : M-S ELFEEEST 5 manifold off-sets @ 25 BhH4E=CHETH

i Jetties BETRAVAFRERT FRRts A MRS - BRBR - ALAIRL S
B85 dolphin (YEEHIrE » BRI jotties FETRMA 2 AITE (LM AN E &
RERBITE— AR <A -

Overview parallel body of moored ship Overview parallel body of moored ship
relative to manifold position relative to manifold position [continued] ‘
' No fender contact due to Fwddobhinatsm | | Sufficient fender contact with
§ manifold offset {’— ":lm ceon't)rel 'I‘I:e be:tnh d four breasting \dolphins ‘
() \U\) | \\/ how \\ I[
H Y S, i, A
g ! ‘ e - -
T oA - T o LA -
£ N | i e I\ IR e i '
: : $al AL R
:T) . L“I\ | & A
i / IR /|
m | Aft dolphin at 45 m from | o= \\ _// ) ‘
Centre line berth | | centre line berth [ centrelineberth | | Inner dolphin position [typical]

FEZE RE *manifold of fset FFEfE AV B L *parallel body /b
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Ship shore interface

Damage to secondary
fender + quay

Hull tine at bulb leval
[below fandsr lavil]

Mavimum berthing
LEs dack Level

[ #ER Quay wall HEEHEAPIERIEZ IHFEIRIL -

Ship shore interface; fender level

PR T

FRAERT

e {ERI L &R

FREMEE - f/ EHEM B E
BRI AR H 2K

R ERES ARG UK P47

s VKT TAE (B4 - deghii®y)

Design conditions at outer breasting dolphin

Spotting point = Navigation offset =
manifold ship @ centre 0.1 LOA (and < 15m)
line loading arms

Design berthing angle is
6 degrees

FEPRECEAGR AR TR 6 1 R/ OB B S TAE 0. 1LOA /N 15M
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Zret"E & breasting dolphin #1 parallel berthing :

Ship shore interface

Example of evaluation layout inner fender

Maximum offset = 0.1*LOA [not larger than 15 m]

2
&/

==
B @

Assess configuration of maximum ship with maximum
offset [0.1*LOA < 15 m from spotting point] for which the
inner fender has to absorb the energy [clearance to outer
fender more than relevant compression

R AN B A R O B AE(0.1)LOA/15M T > NG TR IR UTAE R - 81
S MRS S B TTBEK

Ship shore interface

Design conditions at quaywalls
— Similar analysis as for inner breasting dolphins jetty

+ LBP/4 : Quarter point berthing

+ LBP/3: Third point berthing, Potential
such depending on bow shape single fender
[LBP = Length Between Perpendiculars] contact

R EAREDEA R RS - SR RARERIEAR » MALHEESENERE - MmhlHEESEr

= FEINFRRFEEENZER > e R 3 {EhllEkUEGE H 4 (ka0

U > & AR USRI B S > SE BB I L s /) - _R[ES M 4ERYE Quay
wall FE TR AR -
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P<2.RZ—(Ry—h +CP

Fender pitch were
P = pitch of fender
Re = bow radius (m)

h = fender projection when compressed, measured at centreline of fender
i a = berthing angle
ili C = clearance between vessel and dock {C should be 5-15% of the
undeflected fender projection, including panel)

S
g \ s
= 1 8 = hull contact angle with fender
,_.g’ | 1 According to BS 6348: Part 4: 1994, it is also recommended that the fender

\ spacing does not exceed 0.15 x Ly, where L, is the length of the smallest ship.

Spacing and clearance
with coping shall be

| ‘ | sufficient to prevent

! collision
[Trelleborg brochure]

Y P,
72 2

AT e

Multiple fender contact

3-fender contact

Fender reaction force [° ¢ontact

e can be 3* F rated

/| r| depending on fender
. | Force-deflection curve

I Energy absorbed by three (or more) fenders
I Larger fender deflection likely
1 Bow flare is important

I Energy divided over 2 (or more) fenders
I Smaller fender deflections

I Greater total reaction into structure
I 1-fender contact also possible for ships with small I Clearance depends on bow radius and bow flare
bow radius

PHfzAATE 2 (881 3 (EELElE - 3 (EREha A B e T E PR - &
AR o NI RR PRI RE LA 2 (R R E e SR

{EahifEpE BETH - sHEE U ANEEIRE - B > REkEETT » SRS
5 > 25 HM ¢

Calculation berthi - Ce = eccentricfty factor [including effect of rotation]
il Ll = Cc = configuration factor to include reduction energy on fender by
E (inkNm)=%"*Cs*Cm* Ce* Cc* (displ. tonn.) * v2 damping of water enclosed by ship and quay
- Cs = softness factor (% of energy to be taken by fender) - Displacement tonnage ship [upon arrival)
- Cm = mass factor to include effect of inertia water - v = approach velocity at centre of gravity ship
- Ce = eccentricity factor [including effect of rotation)
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Side berthing

Dolphin berthing

& Pt oo —*‘J 5 5 o iy 'L
E—TT . .. /A“JI —
VY = vy | ==
PR 7l sE T L > AR E SRS R BRI BN
FENREE  MIVESE S B HURERENSE S B

SR TRL S ¢ e

ST ¢ AR

JE = FEﬁ °

Measured data for dry/liquid bulk jetties

0,18
0,17
0,16
0,15
0,14
0,13
0,12
0,11
0,10
0,09
0,08
007
0,06
0,05
0,04
0,03
0,02
0,01
0,00

RS

D Total column = 5% exceedance of small dataset
[ Mean value of small dataset
o Total column = 5% exceedance of large data set

B Mean value of large dataset

U1 EUTL EUBL 3 i

UL F“

Berthing velocity
[mean and 5% exceedance value] [m/s]

EUTZ  USATL (e USAT1

rrrrrr

usal EUGAS EAZ EAL

Preliminary conclusions WG145

*  Weak correlation between vessel size and berthing velocity
» Local conditions and local ship handling procedure more important than ship

size

= Berthing angle for container quays very small (much smaller than 6 degrees)

*  The effect of sﬁrong currents and waves (Bremerhafen containers) can
double or even triple the characteristic berthing velocity compared to
sheltered conditions (Rotterdam containers).

» For dry and liquid bulk carriers, the difference of having a closed quay vs a
jetty in the port of Rotterdam results in about 30% higher velocities for the

jetty

FR4E WG145 45356
LhrEmGE
MiE SRR
HE
BB
S Bl R s R I R E B2
#2-3 5 -

A BRI A RS B ALH (5 SEAL 2R
A [E| B AL R R A s A ] > PEREARAEY RS

FEAER/NCGENY 6 J)
SRR RNt (*sheltered condition)

98

=

34

S



*sheltered condition = TEPGRIRIREE FHYAL > B TR EZME M
EE#EZ/N + exposed condition = FEGUEL - SEEEFFEZHIR > R
R IR EE -

B ERNE Quay wall AVERFEERLE jetty HYBRE S 30%(1F RERF FHENIIRT
Ak

BS6349 Part 4 (2014) = Figure 9

Design berthing velocity as function of navigation conditions and size of vessel

Y

0.80
N\

N
0.60 A\

.
p 4

/|
/ ;/3/ o
V

0.40
N N
N
N ‘\ :\
0.20 RSB
I~ N
S IS
0.08
0
12 510 50 100 500

Key
X  Water displacement, in 1000 t

Y Characteristic velocity, in m/s, perpendicular to the berth

NOTE 1 In the absence of any other information, characteristic velocities for
alongside berthing with the use of tugs or thrusters may be estimated from Figure 9,
on which five curves are given corresponding to the following navigation conditions:

a) gqood berthing, sheltered (i.e. not exposed to waves and/or currents);
b) difficult berthing, sheltered;

c¢) good berthing, exposed to waves and/or currents;

d) difficult berthing, exposed to waves and/for currents;

e) adverse berthing, exposed to waves andior currents.
R4 BS6349 &idmasa MALHYIZSEZRE - ALHY R R - RISZIR - OB - K
FERYEN RS ZR AR | -

35



BS6349
Part4(2014)
=PIANC 2002
Velocities

AR o AR
5
BS6349(2014
TEFEH AT
(EEhI
(4FHY > PRIEE
> ik
,U\Ta/j) ’ l:IX
aTIELRH
a%ﬂj(,uTE’J
RO R
HIERILE
A TR
It e

NOTE 2 The designer’s choice of berthing conditions depends on the berthing
method proposed for the berth. The following are examples of various berthing
conditions.

e A good berthing condition might be when a vessel:
e can be brought to a stop parallel to the berth; and

e can manoeuvre or be manoeuvred, without hindrance from other vessels,
onto the berth with assistance from tugs and/or thrusters.

e A difficult berthing condition might be when a vessel:

e s berthing with assistance from tugs and/or thrusters and the vessel is not
brought to a stop parallel to the berth; or

e cannot manoeuvre to a position alongside the berth without hindrance
from other vessels; or

* might be required to change its direction in relation to the berth; or
e  has a significant angular velocity.
e An adverse berthing condition might be when a vessel:

e is berthing with the assistance from tugs and/or thrusters and the vessel is
not brought to a stop parallel to the berth; and

e cannot manoeuvre to a position alongside the berth without hindrance
from other vessels; and

* might be required to change its direction in relation to the berth; and
e has a significant angular velocity.

NOTE 3 Where vessels berth without assistance from tugs or thrusters, the berthing
velocities might be considerably higher than those given in Figure 9.

A design velocity of at least 0.08 m/s should be used in design irrespective of the
actual berthing conditions.

HAth Berth energy stEAXAT 17
E (in kNm)=1/2*Cs * Cm *Ce * Cc * (*displ. tonn.) *

* displ. Ton= fiHYIZ/KE &

WEIANT-(Cs > 58 (o U =ChiE )
iz Cs=1.0

fF= Cs=0.9-1.0 ;

HIRAH Cs=1.0

EEANT(Cm)

Cm=1+2D/B (D :
fa/(M1551(Ce)

177K > B * iiT%)

Ce = (k2+ Rz
cos2y) / (k2 + R2)

Centre of mass
k = radius of gyration
= approx. 0.25 L

Point of impact

Velocity vector
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Cec R+

Cc-factor

Closed structure

Kc/D<0.5= Cc~0.8

Kc/D > 0.5 = Cc~0.9

Berthing angle > 5 deg = Cc=1.0

Semi-closed structure

Ke/D < 0.5 = Cc~0.8

Kc/D > 0.5 = Cc~0.9

Berthing angle > 5 deg 2 Cc=1.0

Open structure
Cc=1.0

vy

RN T
Safety margins PIANC [abnormal/normal]
PIANC 2002 guidelines propose the following

— tanker/ bulk
* largest 1.25\
+ smallest 1.75
— container
* largest 1.50
+ smallest 2.00
— general cargo 1.75
— ro-ro/ ferries 2.00
— tugs, work boats 2.00

Given ambiguous definition, project specific values recommended
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Low level impact

Chamfer at top to minimize point load on ship’s hull ’

- Occurs when ships with a low

freeboard arrive at low tide:

» Determines size of tension

chains

* Angular compression of fender

Sometimes chamfer at bottom to guide mooring
lines while making fast

= R ——
AN - L B (RAY R - 5 AR

Double fender impact

—

* Occurs when belted ships arrive

o °* Determines bending moment in panel

* Angular compression of fender

N ] - B R IRl A
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ZEHIFEH

R ISR B AEREE AR A IR Ay sfitae i - 3 B E BAAERT A
[ 5 RS R - EIEFEHE S A ERR KSR AN R ELC T - B
PSRRI R DA IR SE BRI -

A=A - yRRST > BT BT - MRS bR E R REIRE )
% B ERGEIEE AR ES) > DL SIS o BIAAG - SISEE
FREBEER > AT AT B EAAR A R E I E e L E L -

NI Al B B BURERE ST - FEFAlIRFS - A e SRS RE 2 1Y
SHEERTAIRGE -

Typical ship motions

, X = surge 7'—'E ’ §5|5§§
i D P!
Y Z = heave N
/ o Y v
(3 o 0 = pitch e
v dP) @ = roll
4,_7 v =yaw
\ JaX x,
\ |\ :
_____________________________ 1

Definition of mooring lines

Functional requirement mooring provisions:

+prevent ship from drifting away and/or colliding with structures and
adjacent ships

+design of facilities should aim at maximum efficiency of mooring lines

breast lines spring lines spring lines breast lines |

AR
ety Ly X

head lines

Mooring dolphin Breasting dolphin

R > B B R A4 R ] A A Y AT
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* QOuter mooring dolphins: -30 / +60 degrees

Middle / inner mooring dolphins: -45 / +45 degrees

« Breasting dolphins: O / 15 degrees

LA EE H A A (Vertical angles): = -5 / 430 degrees

——

Assume "Flat"

Assume 0° Spring Lines
Head/Stern Lines
Transverse Restraint Capacity = 2 x A = 2A%*
Longitudinal Restraint Capacity = 1 x B = 1B*
30°
30°
R /
A B - R
B ' B o
4 Assume 0°
Eg:’i:lth Spring Lines

Head/Stern Lines

Transverse Restraint Capacity =2 x A x SIN 30°x COS 30° =0.87A
Longitudinal Restraint Capacity =1 x Bx COS 30° +1x A x COS 30°x COS 30°=0.87B +0.75A

*A = Allowable Working Load In Head/Stern Lines
*R = Allowable Workina Load In Soring Lines

|
Symm ?tricol

1

2 |
Mooring Dolphin Loading Platform reasting Dolphin

‘L_. —157__%717—_ 150 l:_ 35—T<;+—50m
A 7*{7// . 3‘1%_7 1

-4

| 0-25-0-4L0A

U

(oss‘ume 0-3 LOA for standard layout)
horizontal angles not to exceed values shown.

N ] - B R A AL e ot A P s
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Mooring Dolphin

25°

Water Line

¥ I-5m min l

Essume I-‘5m

for standard
layout.)

Loading Platform
SPRING LINES.

BREAST LINES

vertical angles of lines (in true elevation ) not to exceed
values shown with vessel in least favorable load state.

For Calculation by vessel designer of line requirements for Design Conditions

use standard layout generally with max values of angles shown.
Lightest load state then determines distances from vessel to dolphins/hooks

Vertical angles may be recalculated for laden state.

*spring line-78[4E4% > breasting line-fE&Hiss

HagE - RAFIIMADESE - FEEHIIIRITA ¢
> AV S A
>Breast lines ST ELFEELR » spring lines fEEF1TREELR
> /AR B AR AR = sk D R R R QY > RN EER S T AT A A /A

S ST
(AGFE/ARRE - BREIRIUIA © fuiASEhREE) M > MORES
A BT D)

< consider complete range of vessels and resulting line angles

1
@ 1 CLmanifolds
i
|
I I I I I

SR B S 2 B i B AL
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®
Berthingine: ‘
-él 45
i consider
e || & «complete range of ships
LW= 044 meNaP AL AP .
= - ™ « all tidal levels
o | » all loading conditions

55,000 DNT

W

e E H ARG E - BERH A B DA TS

Quay wall BEfEFEAT B REME - 23 30M 55%—JE (EAU B BS6349 FH&D)
* Barges: 4 lines (1 (head) / 1 spring (fwd) / 1 spring (aft) / 1 (stern) )
» Small ship: 10 lines (2 (head)/ 2 (breast fwd)/ 1 spring (fwd)/ 1 spring (aft)/
2 (breast aft)/ 1 (stern) )
*+< 40,000 DWT: 14 lines (2/2/1/11212)
*> 40,000 DWT: 16 lines (3/3/2/2/3/3)
*> 200,000 DWT:20 lines (4/41/21/2/4/4) (depending on layout berth)

TERSETPEER - FEAN AR T S8R IS BUE Reks Tt AT
>JE T - {5 30 TP RERFE Ry ELARERE
>Rk B S Fo ik R
>{#F OCIMF/ SIGTTO {48 S A RAF B8 S BT AL E e
>{ciE OCIMF {=)8F- > 58 3 Rkfa ) © (= A fiTERt LA » et
Fy-60 G50 > 30 Fo
EREERZRNS © 3 60 FEEE 180 FEARETA)
2 810 B 170 FEAHEA)
0.75 G (A )
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LR LR R B

B (Bol lards)
THISSRME -
mh%‘F/ FRTT ¢ AR ahAEE / Ak

%?ﬁ?@/@ﬁ M= e
PREREEEHEE (Quick release hook, QRH)

AR - BT AL e § (BB IR T bR

R T T T B BB FE 20 A4 AR

BHTERE

PRI PE S [

BESER(5E FH  2) / r4a e
RS B it o A - DAL 5 55 P

TAEF2E R
>0.5M > (<= 75 ton)
>0.9M > (> 75 ton)
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B St 5 22 ]

TE A A0 B A R 22 R

>(0.5M

TEARD AT RS0 . OM

FEEM R 2=
f<40000DWT> 1. 2M(HER(ELE
)
f5>40000DWT> 3. 5M( 2
TEZE(ER)

LRCEATAT IR - S IER T Y
TESEIREE > ekt -

JEAE A B 5 E T asas ft

5 PR Rl AP AR 1% T R T S R L 3
T 7 R AR HRE T
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Fender types and characteristics

HARD FENDERS

Arch fenders

Floating fenders
(pneumatic or
foam filled)

Cone fenders

Cylindrical fenders

Super Cell [SUC] fender

Hyper Cell fender Airblock fenders

T EERE - SRS Fender) + TR » Bk

T Saue UG
> FHAERTIRG € - A A HR R ] -
>N E R BN 2 WiE 2 R AES BRI © 1F Swell fH0L T
HREERE
SeaTaE E I - DUFEN dolphin » (VB S HIR R REER)
R

> R S
SV GRS ¢ 1 Svel | D550 FEBIRE NI | BEHAT
P -

>iFRe 2\ fender & 6 FHAEREER AN Z /Rl
>R fender TERUFHAT » ZEHELT PN BRI
Angular compression fender is case specific

Flare Bow radius Dolphin

ap
‘3
e
3
/ ‘%.

%%’f-éﬁﬁiﬁjﬁ%%ﬁ%ﬁag-ﬂ?*}iﬂ%ﬁ% » Quay wall $#f# > Dolphin &
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Quay wall ZZEFEREAYEEE T /T 7
E(rated fender)*(reduction factors E) > Abnormal berthing energy
F (structure) = F (rated fender)*(correction factor F)
(Reduction factors E) & (correction factor F) [refer PIANC]

Angular fender compression

» depends on fender type = vendor’s info; (say for example: TE ang.= 0.9)

Temperature effects

+ TFmax (low temp) (say 1.05); TFmin (high temp) (say 0.95)

Berthing velocity [strain rate fender]

+ Say 10% compression/second = VFEnergy=0.99; VFReaction = 0.988

EX.{EZ% abnormal {E5EREE=
E rated> E abnormal/ TE ang* TF min* VEEnergy* Tman. Energy
= E rated> 2000/ (0.9*%0.95%0.99*0.9)= 2625 kNm

= 5 fender> 2625 kNm

Manufacturing tolerance [generally: TMan. Energy = 0.9 / TMan. Force = 1.1]

2000 kNm

= F structure>F rated*(1.0 * TF max *VFForce * TMan. Force)
= F structure>F rated*(1.0 * 1.05 * 0.988 * 1.1 ) =1.14 * F

rated

Jetties fHAIAVAIEAAYZ(EE Dolphins
Fenders and dolphins at jetties

Energy absorption
by piles

Energy absorption Energy absorption
by piles and fender by fender

Flexible dolphins
(vertical piles deflect horizontally) (piles only take reaction force)

Fixed dolphin

e e - [E] 2 FBLE BN dolphins AYELEE - JEEh = AR &
A RE AR B R Y > T E S URE R - FRREEARL -

& E = Dolphin AYE%E

-5%a 175 B - BE AR AR

=
=t

BHUESENV R ERNAER -
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(&~ 5 FE =Y dolphin fEA

B (Blockwal 1 ) Bzt

STEEL CAST IN B
PIPES 260 l
n o\

A<—1
CABLE TRAY
BToes Gasl AN BY GTHERS

RESCUE LADDER
TYPICAL

CATWALK
/ TYPICAL
—_——

HANORATIL
TYPICAL

ROPE PROTECTIO

; FRONT VIEW
ElE = mooring dolphin

R RS AR S Il R Y R st
- RS Z ST HFE - IR RS FEA 15-20mm
-Longitudinal stiffeners FFE4Y 0.9 m
-HSHEH Transverse frames
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SHEER
STRAKE

~BILGE STRAKE

STRAKES A, B, C, AND SO ON
GARBOARD STRAKES

BILGE STRAKE ) LONGITUDINAL FRAME

7 S AR RIS

Bl - BT - A T ity B e B PR - W] R SR AL Rl
st FIRER RIS - SR | A ATRE R ERsET A E

.

L

B TR

BIFWKIEF BRI | mgerhei rerog ok g
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ﬁ%ﬂﬁ jﬁ ig/ A% A 7L/ D)

E%HE%E%E > Ry E Ry AR I LD R B - TRy £ H AR
MEAL ST © Rl LR ARGV - E > v EE - BRIk
i%:ﬁﬁ’tﬁi?ﬁ%ﬁ* seff o
M EN RN EAM ERVETT - NI TER R B RS e T HR
o A R iy PREE B - HJF” Bl ABEE T e A -

;‘E%ﬁﬁﬁﬁé@ﬁ 1
1 BEASMTE 5 2. 4085 5 3.8
/!:E iR

. PR
FRANZRETA © DSRS0 DFTETEE @ HFTEFRE © HinE
B E 2=

1) )‘T@?E%@?ﬁﬁﬁ

A WISRIEF R4 - DUR D B BIOAS Ko A2 = A i

B.EN » BMRZEFERE - W KL AL » BRI 2N

CHHRF ]

C. FTZNE BH R (AR R AR % ) TR AR IR R & 2 4K

AR fEEERR

D. %Fgﬂﬁ IR RS
%EW@%E%@%@(@%.@@L@Z FE AR IR )

F R a2 T

i e LRI
DK TR T
1% -
FRREREHEE
S - HEUETTE
PR A -
%ﬁ%@m B E T
DI

TR =bend radius
| &€ =bend angle

| W = width in a straight
section

| AW=Additional width in
a bend
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Relevant aspects safe initial approach

Predominant

swell direction

Angle between swell direction
and approach channel trade-off
between:

> Ship motions in quarterly /
beam-on swells

»~Wave penetration in harbour

_—

R TR B SWELL A Eh 5 [ B/ NI - A S 27 SWELL 4% »

Additional breakwaters
required for berth tranquility

fis ey

SR -

e
(3

B SWELL A El g EE

Additional breakwaters
required for berth tranquility

s EIRE (breakwater) @ RSN ENEEFIORYRE -

Straight channel inside port
to avoid complications in
port entry

BN R

Vessel generally fishtails upon
port entry due to gradient in

cross currents and wave drift
forces = allow space directly
behind breakwater heads

N R EIAOMRAC IR - R
RESET o JEIIRALIZER] - &
RIFRERIERR A LIZE

Alignment Bend &%

No. | Ship Type Rc 7| Small Bulk Carrier 9 Log
1| Cargo ship 5 Loa 8 |VLCC 5 Log
2| Small cargo ship 6 Loo 9 | Small Tanker OLo
3 | Container ship (over Panamax) | 7 Lo 10 | LNG ship 4 Lo
4 | Container ship (Panamax) 6 Loa 11_| Refrigerated Cargo Carrier | 5 La
5 | Very Large Bulk Carrier 6 Los 12_| Passenger Ship 4 Lo
6 | Large Bulk Carier (Panamax) |6 Los 13 | Fery Boat 5 Loa
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2) MUEHE
Channel width

- Planning stage / Conceptual Design
— PIANC Concept (1997 — 2014)

CHANNEL WIDTH

MANOEUVRING LANE W, MANOEUVRING LANE W,
PASSING
DISTANCE
Wn
BANK BANK
CLEARANCE I CLEARANCE
= WV

I CHANNEL AXIS

FiaE R R R E] - R PTANC(1997-2014)

PIANC Method (2014) s

manoeuvring
lane

One wav -
W =Wpy + D> W, + Wi + W

Basic
manosuvring

lane

Two wayv :
W =2W,,, 1+ 2> W, + W + Wi + D W,
Possible
Track
Ship Manoeuvrability Good | Moderate | Poor
Basic Manoeuvring Lane, Wgy | 1.3 B 158 1.8B

Wi : Environmental and Other Factors

Wy, W, = bank clearance ;
We = passing distance, comprising the sum of a !

separation distance between both maneuvering lanes
Wwn and an additional distance for traffic density

W,,, = width of basic manoeuvring lane as a multiple of the design ship's beam BE
NS TEII R EAR RS - NRGHYEN ] » MR - RORHEN S - IERRGTT
T AR E - AR L ER0T 22 M AR Y 1 T 722 e oo il -

Width Vessel Outer Channel Inner Channel
Wi Speed (open water) (protected water)
(a) Vessel speed V: (kts, with respect
to the water)
V=12 kts fast 01B
Gkis = V.<12 kis mod oo
Skts = V:<8 kis slow 0.0
(b) Prevailing cross wind Vew (kts)
- mild fast 01B
Vew < 15 kts mod 02B
(= Beaufort 4) slow 03B
- moderate fast 03B
15 kts = V, < 33 kts mod 04B
(Beaufort 4 - Beaufort 7) slow 0.6 B
- strong fast 05B
33 kts = Vew < 48 kis mod 07B
(Beaufort 7 - Beaufort 9) slow 1.1 B
(c) Prevailing cross-current Ve (kts)
- negligible V.- = 0.2 ks all 0.0 0.0
- low fast oz2B 0.1B
D2 kits = V.c < 0.S kts maod 0258 02B
slow D3B8 03B
- moderate fast D5SB 04B
DS kts = V. < 1.5 kis mod D7 B 06B
slow 10B 08B
- strong fast 10B
1.5 kts = Vo < 2.0kts mod 2B

WTHISBIEREREER - BB RIS TR L OES) ;
EATTEE BT - FRRBHVERKR > EEREEAR(P= M*V) - AIFEHE
W E TR ARGk EL - NI ERIRE S B THY R -
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(d) Prevailing longitudinal current Vi

(kts)
- low all 0.0
Vice<1.5kis
- moderate fast 0.0
15kts = Vic< 3 kis mod 0.1B
slow 028B
- strong fast 0.1B
Vie23 kts mod 028B
slow 04B
(e) Beam and stern quartering wave
height H; (m)
-Hs=s1m all 00 0.0
-1m<H;<3m all ~0.58 -
-Hs23m all ~1.0B -
(f) Aids to Navigation (AtoN)
- excellent 0.0
- good 0.2B
- moderate 048
(g) Bottom surface
-ifdepthh=215T 0.0
-if depth h < 1.5 T then
- smooth and soft 0.1B
- rough and hard 02B
(h) Depth of waterway h
h215T 008 h215T 008
15T>h2125T 018 15T>h2115T 028
h<125T 028 h<115T 048

(i) High cargo hazards

g W=Ww,, +ZW,. + W, + Wy,

Bank Clearance Ws/Ws

See explanation in box(i) overleaf

Width for bank clearance Vessel Outer channel Inner channel
(Wer and/or Wac) Speed (open water) (protected water)
Gentle underwater channel fast 0.2B 02B
slope (1:10 or less steep) moderate 0.1B 0.1B
slow 0.0B 00B
S'I10pllng channel edges and fast 078 078
S moderate 058 058
slow 03B 03B
Steep and hard embankments, fast 1.3B 1.3B
structures moderate 1.0B 108
slow 05B 0.5B
Note:
1. War and Wps are widths on ‘red” and 'green’ sides of channel
WBM
§ RUDDFR OMENT TACTICAL DIAMETER » "
3 :—\: e[| ESE

Gy, SU/;
S
4 GEVELOc,Ty

RUDDER
T0 STBD.

.

SHIP'S VELOCITY

(90° CHANGE OF HEADING)
MAXIMUM SWEPT ADVANCE

<

TRANSFER
(90° CHANGE OF HEADING)
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W=2w,, +ZZW,. + W, + W, +ZWP

We

(for 2 way channels)

Width for
passing distance W,

Inner Channel
(protected water)

Outer Channel
(open water)

Vessel speed V; (knots)
fast: Vo212
moderate: 8 = Vs <12
slow:5=V:;<8

208
1.6B
1.2B

'J_t’_

JHR

3) R

Channel depth

— /|

I DESIGN WATER LEVEL

TIDAL OF FSET DURING TRANSIT AND MANOEUVRING =)
WATER LEVEL

r
ALLOWANCE FOR UNFAVOURABLE CONDITIONS *)

FACTORS

|REFERENCELEVEL i

STATIC DRAUGHT INCLUDING TRIM AND LIST

SHIP RELATED

ALLOWANCE FOR STATIC DRAUGHT UNCERTANTIES
3 — — FACTORS
GROSS CHANGE INVWATER DENSITY
UNDERKEEL SQUAT, INCL. DYNAMIC TRIM |
NOMINAL CLE(Gié';ICE DYNAMIC HEEL DUE TO WIND AND TURNING |
CHAMMEL BED { . VWAVE RESPONSE ALLOWANCE
LEVEL |
=3 4 0 cgwewsme __________________ &
ALLOWWANCE FOR BED LEVEL UNCERTAINTIES
(SOUNDING AND SEDIMENT CONDITIONS) BOTTOM RELATED
| CHANNEL DREDGE LEVEL ALLOWANCE FOR BOTTOM CHANGES FACTORS

BETWEEN DREDGINGS

=

DREDGING EXECUTION TOLERANCE N

%@TU\”E*UL/% BURTARUE S
friEEh e LT SE) G e ARG ATE IR

SNz KR j(ﬁ/\ﬁ%/ﬁﬂﬁlﬁkﬁ S
FEAR B ) FRZE SRR

) >
=E { b(
FEERIHE

R
A FHESRE R

_t
-d=1.1~1

EE/?K

B @l%ﬂ“ﬂﬁﬂvk
S B BENS)
AL TRIRIRAE

R RV

€ ik
AECTEMIL
&( FLaE

ﬂlL/—‘
737/

(&4 PIANC)
.5 Ds (EAE SR AREINTE

sTEAGR)

B%ﬁiﬂﬁ bEF-d =Ds - T+ Smax + r + m

L=t
R ECRIZ KRS
T s R
P ™
Coos Bay Typical Tide Cycle
=
& 4
= s
=
e 4] Unavailable Unavailable
=3
3 +H¥—F - ===
e | ,
2 Entrance Windowy of Entrance Window
1 O pportunity of Opportunity
o e
058 2 35 8 FuB 9 105119278 1435 118 1518-1920 21,02 23 05102
Hours
. >
. L= z“z
Smax : TS EhE{REL

reo 53%.%
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m e HREE
-Sandy bottom m=0.5m; -Rock bottom m=1.0m
EX.
Ds=18m,Smax= 0.7m, r=Hs/2 =Im, m=0.5m > RH#ifir#= >
d=20.2m >
BEBES DUHBS 515 d=1.5%Ds= 27m >
bhigthiok - WS R HRTE RS - DVEZE oM > BR0ME R SRR
FERCA
D. dHEf TP B - AR RS BB

4) R R Bl 22 ]
WEEERE P
R E] 4 B (knots~=2m/s)
- AR
- TRt BT TR
- IR R R EAE
RN EIREIE 1.5M - H R =@ 1. 5M  REEsEc Bl

W B R R

For preliminary sizing the following

can be assumed:
Subject to further design and simulation

*
. — S*Beam

[tug assistance upon port entry assumed; —
can be improved by tug hook-up outside port]

Tugs approaching vessel upon port
entry (approx. 1*Length)

Vv 4
Tug hook up: (5 to 20 minutes)
> Vessel speed < 6 knots
~ Waves Hs < 1.5 to 3.0‘11

2 *Length (from 4 knots to stop)
Full astern + tugs Turning circle: 2 *Length

3. A
AR - fHESETE © SB+100m - B= HAEAHAS HE
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[Tsinker, Port Engineering] Minimum spacing oil jetties
approx. 25% of maximum ship
length (refer e.g. Chinese code)

2lB+30m>3.SB L1 L2 %ZB+35m>ilB

B = beam of maximum ship in berth pocket

AR R T2 -

Basin sizing for tug assisted ships

(Port of Rotterdam recommendations)
Required manoeuvring space inside Port

Recommendation Port of Rotterdam
- D1 = 100 m for ships with large windage area [LNG]
70 m for VLCCs

- D2 2*BEAM of largest ship

limit of dredged pocket /
+ hull of ship at opposite side dock

D1 = required space for tug and tug line

D2 = required space for ship

berthing line

EE - (B ERETRE) - R EREA R
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Spacing Large Oil and Gas jetties

Criterion 1: Criterion 2: Criterion 3:

No potential sources of | No tugs within exclusion | |Bow-stern clearance
ignition (i.e. ship) within| zone of adjacent jetty = sufficient for safe ship
> (tug length + line length) handling » > (2*tug length +
tug line length) / (sqrt (2)) =
approximately
(2*30+40)/(sqrt(2)=70 m

L
} |

ORI 78 A B FLATES Lﬁ’%ﬂﬂkﬁ”ﬁ‘“ZF‘aﬁ#iF‘aﬁEﬁ

1) %2448 -LNG Ali>=200M » LPG fif5>=260M » AL - =50M

2) BT A RS R PR FES HEA R+ B RN R T

3 REE AR F2E > [ 2(HERL R )+ EARAERE 1/270.5 K&UZE
(2%304+40)/1.414= TOM
AFEERERE

Lg=1.1 n (Loat+ 15) +15

n = number of berths

Loa : length overall, average ship (0.8*% Ldesign vessel )

a5 R A ISR EL oy
D)ROREFRL 2)R0RMHR 3) L - e 4IPS
D)ROREFRL - NAEIATE - SR & PREIAE  E AR R (down time)

Table 5-2: Limiting operational wave height

Limiting wave heights Hs in m
Type of vessel 0° (head or stern) 45° - 90° (beam)
General cargo 1.0 0.8
Container, Ro/Ro ship 0.5
Dry bulk (30,000-100,000); loading 1.5 1.0
Dry bulk (30,000-100,000); unloading 1.0 0.8-1.0
Tankers 30,000 dwt 1.5
Tankers 30,000 - 200,000 dwt 1.5-25 1.0-1.2
Tankers > 200,000 dwt 25-3.0 1.0-1.5

Table 5- 3: Allowable ship motions

Allowable motion amplitudes
Type of ship Surge (m) Sway (m) Yaw (°) Heave (m)
Tankers 2-3 2-3 1 1.5
Bulkers 0.5-1.5 0.5-1.0 - 0.3-0.5
Container ship 0.5 0.3 1 0.3
Ro/Ro ship 0.3 0.2 0 0.1
(at the ramp)
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line force [tons] (dev, from mean force)

- RS - 2Ry

—— measyred minema 17 -

—@— measured maxima TR > 2 R (EE
- & il i B—ERR R - BRI -

- « & - -simulated maxma

2) M R R AR
MR- BRI B PR ARG T o BB N A
IR BHE AR AR 5 (ARG TR e R -

3 R E
At A R N R AR B - R IR
BERESEE AT REEMT TSR > SIERAGH E RAE
A LA 2D = 3D SR B R S oA

Strong ebb
and flood
current

Dual leading line; large drift angle
to minimise force on ship = wide
approach channel required.

ebb Flood
approach approach

ST T LR 1R DU - NI SRR DL
T -
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Soreline upstream side moving out
[can be concluded from surf zone]

——— = T —

z‘ﬁ: = %
Shore protection

required
to prevent erosion

FEARFREAAIEI T > ERNUENR > SREAERETT > BOETAEH -
RIS TR AR HA AR AL T > PHAE DI 21 e T 2B ZE
i EIHITE A - ER o DAERATTERYEEA -

basic path
effect ship & stochasticity wind and waves

effect human element
FEREES AMTTRZE) - EJTRR » 2 G8EE @ st 2INESR
fg o
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ATRSZ R BT - (EE{CREAME NG/ MRS O BB BE
MBI » £ F TIF—ERRF R - I REERSE SR - SR8 TR
ke ES BAVERL | fEA —EHERGETIESE - T HR TR TE et - ATLL
FROET o Al o R a4 T(F RAYshas -

BRI EEER ZNE - ARSI ECRIEROEE T 2B - A
AR > FEERE(ER TIERCI520 A NG UUE - IFE - RIS
AR - BETRRGS > DU NEENOVETZE -

THEENZER:

Sl S TR ERY PR TRES TS - S RIVEFAEN B RVEL -
REETRENERGENE) BETAGZER > ML - R - > B
BIMRAERFTEE - AR R b LR TRRA ERS (PR - tik) BB
AZETT > ENNHRZE - R > BB TR A E A ESER - Frld
LA CEE LIEfEEL R TREREY) HaG 5 B RO ARE 15 8
FTaR & e ZE RN IIA ©

BRI ERE T

WA BN ZR T - RANRE TR RN EEE RN - flanzitEeE
BRGNS - (BRRERMIVER - S ERIEHEIER K a(EE  ERie
A& ~ BN~ FEAEFHRERLRE - (HEkEth ER R TR SR s
o S eEES - WEHE T 540 > AvERVEEA > EEIIEEAR - il
KORFE LNV ES) > BERLEE - AR ETRTRE  REERE EA]
DRI EEAS (AR R B ) -

JEgErAL - FEE ARG SR BT R

FEAR SRR - RSN ZIA > FEEMNI TAF#IT £ > FACERAES
—fir > WA REREERRNZR R > SEHIRRAEER D - Fr R E gt
WK BOMERSGT TREARHEE AR ZHIARITER > BB AR TAES R
(e AREht TR il S 22 TAF AR S i LIE S IR ) » sEYZ
EIRBEIR (HE A N BRI > ARKEEE RS - ARV (MR A
SRR - Blan<e s R e RO 25 SO - (BTN HE EBERA A S R

60



HE o ML BEEERS) - ATGIIRERE T A RE] > IRAFEIER
wACHRRE R - HECELE | 2 NFUENSR - HECEOSEAFE > 2R
R B BAERIRE - P B LIRIEIERENIEE - FREBBEEER -
FEEIYRCAE AL LE B 8 TR B ER B AT 0w SR AR R SR A S Rl 8 1Y
AR FrblE NS E AR B IR R (PSS & > BEiaskny
b R B K

BHHETE - FERHEE -

FEETEGARIIEEL - ERE RIS - HEWE - EIA/N > STEBEGHY
a4y PrnBRArEa Y R - D EARVERETEE - TR L
BARERE - BTHE - WREHEED > HNFESRENERE  FERE
> HEATEHE > IDIE AR AR - rERET o PR - S > EERDIETH
oK sHER R L HEGET R > TR o PURESIERRE - e e s
PR ETAMMETHE T > o ARTERRAS - 56 H SRR AR A EE EEORATRL
o RPN S DR IS B A T TR > SRR E RS HIRE TR el 0 TR
JeR\ e & 2 S LR SR T - FT A S &RV B THY R R R
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SRR RV -

EMEFATE - FEISET ISR F R RS BRI A R E T - AA
KA Bt > SRR - EARTAR - R CRRAHRR RIS - s EEEE LA
THe SRR ERMINAXR TR RS - HEAN SRR EGETH A EEAE
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FISREHHY T E -
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(P %)

ARSEFEABSME

Name Country Group
Emilia Rizzi Italy MSc 1
Jamani Antoni Balderamos Belize MSc 1
Abdulla Alson Athif Maldives MSc 1
Shadrack Kwaku Hinson Ghana MSc 1
Chih-pin Wu Taiwan Short course 2
Terence Chow Wing Ee Singapore Short course 2
Jun Rui Goh Singapore Short course 2
Hector Hugo Silva Peru Short course 3
Jayakumar Aravindan India Short course 3
Chukwu Nnadi Oji Nigeria Short course 3
Abdualrahman Matog Ahmed Abu Libya Short course 4

Miwagh

Abdullah Al Balushi Oman Short course 4
Siad Ali Said Ali Al-Hajri Oman Short course 4
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