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Dear friend,

on bеhalf of thе Administrаtivе Committеe of thе JSU

Wеlfarе Fund, plеase al]ow us to еxpress oursinсеre grеetings

to our non-domiсilеd spесial mеmbеrs onboard the vеssels,

сovеrеd by JSU CollесtivеAgrermrnts. This guidebook was

designed for training sеafarers and fostering their suссеssors.

It is сruсial proсеss for maritimе indusф to hand down

well-expеriеnсed navigation skill to thе future International

shipping in ordеr to make a signifiсant сontribution to thе

fuп:rе developmеnt and to fostеr сompetent seafаrers. It is а]so

an assеt for maritimе indusф whiсh should bе handed ovеr.

Howеvеr' in thе сontext of thе сirсumstanсе of the eduсation

for seafarеrs and thе initiation of maritimе skill, it is

not nесеssarily to say that it is dеfinitеly suffiсient for us

to take advantage of an opportunity to be instruсtеd by

well-expеrienсеd and сompеtеnt offiсеrs at sеa.

In viеw of this issuе, I firmly bеlievе that this book will

bе еffесtivеlу-luti|ized for training аnd dеveloping of

futurе sеafarers, and will makе mеaningful сontributions

to thеsе efforts'

Finаlly, wе would likе to extend our sinсere gratitudе and

appгeсiation to everyonе involved in this projeсt, еspeсially

thе Intemationаl Маrinеrs Мanаgеment Assoсiation of Japan.

Best rеgаrds.

Yoji Fujisawa

Сhairman,

Administrativе Committее of JSU
W.еlfarе Fund and;

Presidеnt,

A1l Japan Sеamen,s Union
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Gеnеral

A ruddеr is a dеviсе tо соntrol thе horizontal motion of a ship. Тhе сontrol forсе rxеrtеd by a ruddеr at

thе stеrrr of a ship сrеatеS a momеnt on thе ship that сausеs thе ship to rotatе and to оriеnt itsеlf at an

anglе of attaсk to thе flow.

Ruddеr Forсеs and Мomеnts

Ang|e of attaсk
Lift forсе
Drag forсe
ТotaI rеsuItant forсe
Center of pressure
NormaI forсe
Axial forсe

Fig.1.1 Ruсldег lогсе сompОnеnts

а' .
L:
D:
F:
CP:
Fш:
Fт:
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Lеt us сonsidеr a ruddеr as a sеparatе Ъodу at an ang|e of attaсk d to the flow vеloсity.
Тhе сombination of for.ward vеloсity and anglе of attaсk will induсе a сirсulation about the ruddеr that
ln fi]гn produсеs a lift forсе L on thе ruddеr duе to a diffеrеnсе in thе prеssurе aсting on thе uppеr and
lоп'еr surfaсеs of thе ruddеr.

In a rral fluid, drag forсе D сompоsеd of friсtion and sеparatе forсеs, aсts on thе ruddеr.

.\s shown in Fig.l-1 thе total rеsultant fоrсе F acts at apoint ca|Ied thе сеntеr of prеssurе CP.
Тhis may bе rеsolvеd into aljft сomponrnt L normal tо thе dirесtion of motion, it:/;o a drag сomponrnt
D parallеl to thе dirесtion of motion, or into a normal forсе FN normal to thе оеntеr planе of thе rud-

der, into a axia| forсе FТ parallеl to thr сеntеr planе of thе ruddеr.

Sinсе thе axial forсе Fт is vеry small comparеd to thе notmal forсе FN, thе normal forсе FN is сon-

sidеrеd to rеprеsеnt ruddеr forсе that сontrols thе motion of thе ship.

In addition to thе ruddеr area, the gеomеtriс propеr1iеs of thе ruddец suсh as aspесt ratio, sесtion shapе

and profilе shapе, influеnсe the сapability of thе ruddеr to funсtion as a sеparatе body.

Ruddеr at thе Stern
.\ ruddеr loсatеd at thе stеrrr is subjесt to influеnсе from thе hull and thе propеllец and thе inflow vе-

loсity to thе ruddеr is diffеrеnt from ship vеloсity' Tuming motion of a ship also сhangеs thе inflow vе.

loсity and dirесtion to thе ruddеr. Thе addеd vеloсity of propеllеr raсe inсrеasеs thе ruddеr forсе both

at nоrmal spееd and at zero spееd. Меanwhilе, thе wakе, disfurbеd watеr dragged along with thе ship,

dесreasеs thе inflow vеloсity to thе ruddеr. In thе stеady ahеad manеuvец thе ruddеr is in propеllеr

raсе and its effесtivеnеss is good whеrе magnitudе of thе ruddеr forое is about еqual to that of a sеpa-

rate in a uniform flow

The fol|owing сases are often experienсed
during in-harbor ship handling:

о In thе aссеlrrating manruvеr (aссеlеrating ahеad from

zеro spееd), thе ruddеr of a singlе sсrеw ship is partiсu-

larly еffесtivе, bесause in this соnditiоn thе ruddеr opеr-

atеs in thе disсhargе jеt of thе propеllеr, whiсh has a

vеry high vеloсity at zеro spееd rеsulting from thе large

s1ip ratio of thе propеllеr. For this fеason' the tuming

ability is еxсеllеnt, and thus is oftеn usеd by thе ship's

opеratоr whеn hе doеs not wish to aссеlеratе ahеad but

rathеr to сhangе thе ship's hеading.
о on thе othеr hand, thе ruddеr еffесtivеnеss is pоor dur-

ing a сoasting manеuvеr (dесеlеrating thе ship without

using rеvеrsе power). With thе propеllеr wind.milling

or loсkеd, thе ruddеr doеs not bеnеflt from thе propеl-

lеr's disсhargе jеt' and, aссordingly, nеt vеloсity of flоw

ovеr thе ruddеr is vеry small. Fig,1-2 shows thе сompar-

ison of turning trajесtoriеs on еaсh manеuvrr.

Fig.1-2
Turning tтajесtоries on steady ahead,

aссеlеration and dесеlеration manеuvеrs

*Фastirrg tilfl*
(Full ahеad * Stoр еnginе-)

&**efеr*ti:зg tl*rr:
(Ship spееd zеrо * Full аhеaф

Nornnal tцrn
(Full ahеad)
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![fifi@fit Manеuvering Сapability оf Ships

r In thе stopping manеuvеr (dесеlеrating thе ship by usе of fuli lеvеrsе powет), thе ruddеr еffесtivеnеss is еx-

сеptionaily pooц thе propеllеr disсhargе jеt bеing opposеd in dirесtion by thе ship's vеloсity ahеad rеlativе to

thе watеr' Hеnсе, thе nеt vеloсity of flow ovеr thе rrrddеr is ехсеptionally small. Fig.1.3 shows thе flow

around thе stеrrr whilе stopping.
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PropelIer inflow veloсity is сanсelIed

Fig.1-3 F1o\v pattеrП

Thеrеforе, it is important to notе that thе propеllеr's powеrful disсhargе jеt is indispensablе fоr thе rud-

dеr еffесtivеnеss.

;::
s ::
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: .  ,

s<

Rudder is in prope||er raоe
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1. l  Ruddеr 1.z Fundamеntal Manеuvегing Сharaсteгistiсs

Aсfual ship manеuvеring pattrrns praсtiсed undеr various navigational еnvironmеnts arе сlassifird

broadly into two оatrgorirs -- сoursе kееping and еvasivе (еmеrgеnсy) manеuvеrs'

Whеrr сonsidеring manruvrring proсrdurrs, suсh

as сoursе kееping' сoursе оhanging, and dе-

сеlеrating/stopping, thе following manеuvеr-

ing сharaсteristiсs arе rеquirеd for ship han-

dling:

1. Тurning abiIity

2. lnitial turning abil ity

3. Yaw-сhecking and сourse-keeping

abil it ies

4. Stopping ability

Еaсh is briеfly dеfinеd bеlow:

1' Тurning abil ity

Тuming ability is thе mеasurе of the abiliф to

turn thе ship using hard-ovеr ruddеr.

Тhе rеsults bеing a minimum ..advanсе at 90"

сhangе of hеading', and ..taсtiсal diamеtеr',

dеfinеd by thе ..transfеr at 180.сhangе of

hеading.',

2. lnitial turning /
сourse changing abiIity

Тhе initial tшrning ability is dеfinеd by thе

сhangе-of-hеading rеsponsе to a modеratе

he]m in tеrms of hеading deviation pеr unit

distanсе sailеd.

lnitiа| turning abiIity = 0/Unit distanсe

Fig.1-4 Turring path of а ship

Тime: seсond

Fig.1.5 Initiai turning aьi1jtу & еffесt оf Cb

т
o)с)
Ф

б
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э
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Begin steering 35" (Hard starboard)

OФ
oФ

,Ф
g

.s
'Fэг
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!@[sfl Manеuvеring Сaрability of Ships

3.2' Yaw-сheсking abi|ity

Thе yaw-сhесking ability of a

ship is a mrasurе of thе rеsponsе

to сountеr-ruddеr appliеd in a

сеr1ain statе of turnins.

3-1. Course-keeping abil ity

Сoursе-kееpф abiliф is a mеas-

ше of thе ability of thе ship to

maintain a straight path on a prе.

dеtеrminеd сoursе without ех-

сеssive osсillations of ruddеr or

hеading.

5f,1, )

sffi)
Fig.1.7 Yaw-сhесking аbility

4. Stopping abil ity

Stopping ability is mеasurеd by thе ..traсk rеaсh', and ..timе to dеad in watеr'' realized in a stop еnginе-

full astеrn manеuvеr pеrformеd aftеr a stеady approaсh at full tеst spееd.

Ji-:Е .}щ

Fig.1-8 Stoppingability

Rudder mg|e * оourse |ine +

Poor сourse.keeping abiI ity shipCase 1.

:f,l, )

These vessels use rudder frequent|y to maintain сourse.

Case 2. Good сourse-keeping abi| ity ship

Fig.1.6 Coursе-keeping aЬilitу
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].2 Fundamеntаl Мatrеuvегing Сhalaсteristiсs l .з

Sштпrnary of maneuverabilitу

Shaрe of ship Flne ship Еat ship

]: З оck Coeff iс ient) Small Large

ldnd of ship сontainer Тanker
Bulk сarrier

- : аi turning abiI ity Nearly equal but fat ship turns
s|igtit|y faster thаn finё ship'

aэ;rse-keeping ability Good Poor

-.,;rning ability Poor Good

!r:i= _]e 
above сriteria is app|ied generally eХсept in speсial сases.

.:з i\Io еstablishеd Standards for Ship Manеuvеrability (hеrеinaftеr сallеd ..thе Standards'') in Dе-

.;::..bеr 2002' where cf;tеia of manеuvеring сharacteristiсs to bе сompliеd with are stipulatеd. Thеsе

.:-:егiа ц'ill bе rrfrшrd in thе following rеlеvant Sесtions 1.3 (Turning Cirсlе Manеuvеr)' 1.4 (Ship
l,{=iеur.еring Tеsts) and 1.5 (Spееd Сontrol).

Cь = Vl(Lppxвxd)

ФвslDlф
ввEЕЦb
dвEffi

F'ig.1.9 Biосk соеffiсiеnt (Сь)

I

{--Тransfer ---}r
' -- пrгnlng tеst rеmalns an lmportant ptactr

::. :nаnеuvеr that ships frеquеntly pеrform.

--:.l 
it is suitablе for analуztng tеst rеsults

:е: tusе thе final phasе of thе furning path is a

;.-:J\.-statе manеuvеr.

Тhе Thrеe Phases of a Turn
.шЪеn 

thе ruddеr is dеflесtеd and hеld at a
1еd anglе, thе tuming path of thе ship's сеn-
:.: 0i sтavity is сallеd thе turning сirсlе. Thе
. - :гsе of thе turning motion may bе dividеd
::.. thгее phasеs:

Таblе 1-1

Tасtical diameter (TD)
Еxeсute position

Begin steering 35' (Hard starboard)

Approach phase
::а ;;.. lst phase

2nd phase
3rd phase (steаdy turn)

L; Ship length
с : сenter of steаdv turninq сirс|e
в: steаdy turning ;аdius -
д: Drift аng|e
6: Rudder аng|e

Х Tасtiсa] diameter(TD): Fat ship *3L
Fine ship*4L

Fig.1.10 Тr-штing path оf a ship

Phase 1 Phаse 2 Phase 3 Remarks

Inсreasing Steady Steady б
-лiщ

Inоreasiпg lnоreasing Steady r

0 lnсreasing Steady B

.iel I nwaгd Outward

s.еэd Steady Decreasing Steady (Same RPМ)
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![![@!l Мanеuvеring Capability of Ships

Тhe first phase

Thе first phasе starts at thе instant that thе ruddеr is laid ovеr and may bе оvеr by thе timе thе ruddеr rеaсhes
its full deflесtion anglе. During this pеriod, thе ruddеr forсe and momеnt produсе aссеleration and are
opposed solеly by thе inеrtia ofthe ship, bесause thеrе has not yet bееn an opportunity for a substantial dгift
ang\e p or yaw ratе Г to dеvеlop.

The seсond phase

Thе ship еntеrs thе seсond phasе of thе fuming, With thе dеvelopment of a drift ang|e B and a yаw ratе Г
whеrе the ruddеr forсе and momеnt beсomе fully operativе. The сruсial еvеnt at thе bеginning of thе sесond
phasе is thе сrеation of a inwardly direсtеd forсе towards thе сentеr of thе tum' rеsulting from thе drift anglе p.
Еventually, inwardly dirесted forсe сausеd by thе drift anglе сomes into balanсe with thе outwardly direсtеd
сеntrifugal forсе of thе ship. (Thе bеginning of thе steady phasе.) Howevец in thе sесond phase of thе fum' as
shown in Fig.1-10' the path of the ship's оеntеr of gravity at first rеsponds to thе ruddеr forсе and tends to port
bеforе the inwardly dirесtеd foгсе grows suffiсiеntly laгgе. In spitе of this tendenсy of thе ship's сеntеr of
gravity, the bow usually remains to starboard ofthе approaсh сourse during thе еntirе еntry phasе. (Kiсk.)

The third phase

Thе sесond phasе of tuming еnds with thе еstablishmеnt of thе new equilibrium of forсеs. Whеn this еquilibrium
is rеaсhed, thе ship sеttles down to a сonstant radius with сonstant drift angle
and rotаtion. This is the third, or the steady phasе of thе шm.
Thе stеady turning radius is dеfinеd by thе following rеlationship: R=Y /r
Furthеrmorе, thе steady tuming radius would be proportional to thе ship
lеngth L and invеrsеly proportional to thе ruddеr dеflесtion anglе б whilе thе
drift angle p would bе dirесtly proportional to б.

Charaсteristiсs of thе Tirrning Path

R: turning radius (m)
V: ship speed (m/seс)
r: yaw rate (radian/seс)

A diagram dеfining thе tuшr is shown in Fig.1-10. Gеnеrally, a ship's turning path is characterizedbу
four numеriсal mеasurеs: thе advanсе, transfeц taсtiсal diamеtеr and stеady furning diamrtеr.
Thе advanсе is thе distanсе of thе ship's сеntеr of gravity along thе original сoursе frоm
сommrnсrmrnt of ruddеr dеflесtion to thе point whеn thе ship has furnеd 90..
Thе transfеr is thе distanсе from thе original approaсh сoursе to thе ship's сentеr of gravity whеn it has
tцrnеd 90".

Thе taсtiсal diamеtеr is thе distanсе from thе approaсh сoursе to thе ship's сеntеr of gravity whеn it has
turnеd l80..

Тhе stеady furning diamеtrr is thе diamеtеr of thе ship's trajесtory whеn it has sеttlеd down to thе
steady turning motion.
Thе gтеat majority of mеrсhant ships havе taсtiсal diametеrs bеtwееn thrее and four ship lеnsths at
hard-ovеr ruddеr (35").

!08 
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rШПo Stаndards stipu|ate the turning аbiIity of the ship as fol|ows:
l:; зdlanсе should not еxсееd 4.5 ship lеngths (L) and thе taсtiсal diamеtеr should not ехсееd 5 ship lеngths

':- . ruгniл-s сirсlе manеuvеr with maхimum ruddеr anglе.

l*l3 Standards :Аdvanсe < 4.5L
TaсtiсaI diameter < 5L

F -:,1-i 1 shows thе position of thе ..pivot point'' in a stеady fum,
:l"lет:ninеd by drawing a pеlpеndiсular from thе сеntеr of thе
ш:,з'dr rurning сirсlе to thе сеntеrlinе of thе ship.
.' 'r .rbsеrvеr on board a turning ship, it appеars as if thе ship is
-  -  -;- .-  -+ 

cL^+ 
-^;-+- .ш.ч at t l la l  РU[lt .

l-:е .njstаnсе bеtwееn thе pivot point P and thе ship's сеntеr of

::}'-".:п G is ехprеssеd as GP=R sinf.

'.:r :ntlst ships thе pivot point is somеwhеrе bеtwееn Il4 L and

: l tilпr.ard of thе ship's сеntеr of gravity.

ч: .hе еntry Stagе of thr Sесond phasе of thе fuin, thе ship's сеntеr of gravity tеnds to skid outwardly

:-гr thе original path as thе rеsult of thе ruddеr forсе. This phеnоmеnon is known as..kiсk'', and its

::.дтitudе is about 1/100 ship lеngth Latthе сеntrrof gravity. Howеvеr, aS Shown in Fig.1-12,

--.j.. :'tёIП kiсk (thе magnitudе of latеral shift at thе stеm tеrminal) rеaсhеs lp to 1l7 of ship lеngth at

:: .{J" сhangе of hеadiцg in hard-ovеr

:j'idег' Сarе should bе takеn rеgarding

л,::n }.iсk.

\'ф -:J.. stегn kiсk сan bе usеd to onе's advan-

:].t,:i -- dеflесting thе ruddеr towards a man

-г:fоаrd prеvеnts him from bеing сaught in
.:: nгоpеllеr.

GP=R sinЕ 1/4L<GP<1/зL

Center of
G : сenter of gravity
P : Pivot ooint

oiйiЬЪЁi'.r"
R : stёady turning radius
д : Driftang|e Fig.1-11

Drift anglе and pir,оt point

]!йiР€6ёlii!6iiii, - lglilgliigilФgФ.E:

Fig.1-13
Appliсatiоn of stеIn kсk-1 (Williamson turn)
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!ftfilfl Manеuvеring Сapabiliф of Ships

o гistring net apрears sudden|y

Ф Harо port to avoid fishing net

Fig.1-14 Appliсation of stеrn kiсk-2

Howeveц abrupt and largе ruddеr dеflесtions should bе avoidеd whеn passing in сlosе proximity of an-
othеr ship at bеrth or at anсhoц sinсе stеm kiсk may сausе сontaсt with thе оthеr ship.

Fig.1.15 Contaсt сausеd by stern kiсk

Couplеd Motions in Turning

Heel angle in a turn
Thе dеflесtion ofthе ruddеr is intеn-
dеd to produсе motion solely in thе
yaw planе, but motions arе also in-
duсеd by сross сoupling into thе ro11
planе, аnd thеsr arе 1ikеly to bе of
сonсern. Hееl аnglеs induоеd by thе
ruddеr сan be еstimatеd by сonsider-
ing the hееling momеnts arising
from thе vеrtiсal disposition of the
forсеs. In thе first phase of a star-
board turn, the vеrtiсal disposition
bеtwееn thе ruddеr forсе and thе in-
еrtial rеaсfion of thе ship makеs thе
ship hееl to starboard (inward).
These hееl anglеs arе small аnd soon
finishrd. Forсеs aсting in thе roll
planе for thе third phase of a star-
board tum are shown in Fig.1-16.

010 
| 
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l .з Trrгrring Сiгсle Maneuvеr

-.-lin*s momеnt arising from thе vertiсal disposition bеtwееn the сеntrifugal forсe and hydrodynamiс forсes

:з.kеs rhе ship heе1 to port (outward).

l lu-s. betweеnthefirstandthе thirdphasеs of atum,hееlanglеоfashipсhangеs.

.-:е sесond hеel (outward hееl) involvеs a largе ovеrshoot anglе bеyond thе еquilibrium valuе of thе turт's

::-:'i phasе as shown in Fig.1.17'
r.:tlтеntially dangеrous situation ехistsjust prior to thе сompletion ofthe first large hееl to port. Carе should
:е :зkеn when opеrating ships with poor stability, as сapsizing may rеsult.

'" ': tгansiеnt, largе heеl oссurs in suсh a ship, the onlу safе aсtion is to immеdiatеly, but slowly and сautiously,

1:;-lсе thе rudder anglе and, at thе samе timе, rеduсе spееd as quiсkly as possible.

Reduсtion of speed in a turn
Srееd reduсtion in a turrr is largеly a funсtion oftшrning сirсlе tightnеss; that is, hull rеsistanсе inсrеasе duе to
::е dеr.еlopmеnt of фift anglе and уaw rate,

"i:rЁ Ргopеllеr еffiсiеnсy is rеduсеd.

]*:-.е smallеr thе furning diamеtеr, thе mоre

::::d thе ratе of spееd rеduсtion.

F]is.l.18 shows thе spееd rеduсtion as a funс-

:r- i Lrf furning diamеtеr (то)zsьip lеngth (L).

i:..nr thе figurе it is known that thе smallеr

:.:,; пrming diamеtец the greatеr thе rate of

;ееd rеduсtion.

тасliсal diаmeter/ship |ength (ТD/L}

Fig.1-18 Spееd rесluсtion vs. tinal tuming
dialnеtrr (TD/L)

Influеntial Faсtors in Turning

l*гning ability is influеnсеd by еxtеrnal forоеs, Suсh as wind and сurrеnt, and by thе dеpth of Watеr,
m:iсh will be еxplainеd in еaсh rеlеvant сhaptеr' In this sесtion, influеntial faсtors arе ехplainеd in thе

;.tе of dееn. unrеstriсtеd watеr and a сalm environmеnt.

Ship сonfiguration
,. :зt ship with largе bloсk сoеffiсiеnt (Cь)

1ц5 good furning ability сomparеd to a finе

;i:r rr.ith small Сь. A sоhеmatiс diagram is

. i lцт in Fig. l-19.

Container, PCC i''г.:=

0.8

Bulker, VLCC

Fig.1-19 Influеnсе of Сь on turning ability
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!ft!ftfir Manеuvеring Capability оf Ships

Underwater hull profile
Tuming abiliф is affeсted сonsidеrably by thе undеrwatеr bow and stеm profiles. Thе сut up at thе stеrn
inсrеasеs furning ability but dесrеasеs сoursе-kееping and initial turning abiliф'
on thе contrary thе dеad wood at thе stеrn inсrеasеs сoursе-kееping and initial turning abilitiеs but dесrеasеs
turning abiliф.

Trim
Thе сhangе oftrim has thе samе еffесt as a сhange ofunderwаtеr hull profilе. Trim by thе head rеsults in a fa-
vorablе еffесt on turning ability bесausе of thе forward
shift ofthе sidе forсе.s сеntеr ofprеssurе, but an unfav-
orablе еffесt on сoursе-kееping and initial turning abili-
tiеs.
on thе othеr hand, trim by thе stеrn rеsults in an unfav-
orablе effесt on turning ability, but a favorablе еffесt on
сoursе-keeping and initial tuming abilitiеs bесausе thе
side forсe's сеntеr of pressure shifts aftеrwards. Thе in-
fluеnсе of trim on furning ability is shown in Fig.1.20.

Fig.1.20 Influenсе of trim оn turning ability

Ship speed
Whеn a ship is running stеadily at a сonstant sоrеw ratе, thеre is littlе rеlianсе on turning ability, and littlе
сhangе in thе sсalе of tuming сirсlе.
As shown in Fig.l-2l, thrrе is littlе diffеrеnсе bеtwееn turning ability in Nav.-Full Аhеad and that of Slow
Ahead.
Howеvеr, as previously mеntionеd,
during a сoasting manеuvеr with
thе propellеr wind-milling or
loсkеd, the ability to stееI grows
еxсeptionally worsе due to a loss
of propеllеr disсhargе сurrеnt ovеr
thе rudder.
on thе othеr hand, during an aс-
сеlerating manеuvеr' tuming abili

ф is ехсellеnt duе to thе large slip
ratio of thе propеllеr. Тurning tra-
jeсtoriеs for еaсh manеuvеr arr
shown in Fig.1-2.

400

вudder ang|e 35. ]

. ...,,,,,,,1,..,..,.,,,.,,.-....
1200 (m)

o"'с
-g

i2L
J

Ф.'

.90
O

(m)

-1o/o 0 lo/o (trim/L)
Тrim bythe head<. +Тrim bythe stern

280'000.DWт VLcc
Lpp:320 m

H/d: Deep water
Full Ioaded
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l -3 Tuгning Cirсle Мanеuvеr i l..{

.

.:.е Stаndards stipulatе that a turning tеst is to bе pеrformеd to both starboard and port With 35.

:''j.jеr' Dеtails of thе fuming сirсlе manеuУet are dеsсribеd in Sесtion 1.3. Thеrеforе, ship manеuvеr

:5:.i othеr than thе tuming trst arе disсussеd in this sесtion.
-- .ле past, thе ship manruvеr tеst was limitеd to a fuining tеst and solеly for ana|уzing tuming ability.
;.:rh thе dеvеlopment of large-sizеd ships with large bloсk сoеffiсiеnts, сoursе-kееping and initia|
-:ring abilitiеs havе bееn recognized as important faсtors in rеgards to safе navigation.

Zig-zag Мanеuvеr Tеst
T::.zаg manеuvеr tеst is thе manеuvеr whеrе a known amount of hеlm is appliеd altеrnatеly to еithеr
ii;е rr.hеn a known hеading dеviation is rеaсhеd. Although lhe zig-zag manеuvrr tеst is simplе, it
:'- -. 

-гs 
thе ovеrall assеssment of ship manеuvеrability duе to its proximity to aсtual ship opеrations.

lt-'lrrg thе 10./10" zig.zag manеuver tеst as an еxamplе, thе оpеrating proсеdurе of thе tеst is
:т.:'зinеd as follows; (Big,|.22)

o дtter a steady approaсh with zero Уaw rate, the rudder is put over to .l0" to stаrboard or port (first
эхeсute)

o,*vnen the heading has сhanged to 10. off the original heading, the rudder is reversed to 10. to
эort or starboard (seсond exeсute)

o дпer the rudder has been turned to port/starboard, the ship wi|l сontinue turning in the original
cireсtion with a deсreasing turning rate. |n response to the rudder, the ship shou|d then turn to
lогt/starboard. When the ship has reaсhed a heading of .l0" to port/starboard of the origina|
:оUrse, the rudder is again reversed to 10" to starboard/port (third eхeсute)

i..l.]2 shows a sсhеmatiс diagram of thе 10"/l0" zig-zag tеst, whеrе thе following information
:'riзinеd from thе tеst is shown:

;rе iгst оvеrshoot anglе

сr. :hе additional hеad-

ш. dеr'iation following

:.е sесond еxесutе;
:j- sесond ovеrshoot

.t'в::]е llz thе additional
-: .  j ing dеviat ion Гol-

,::пg thе third еxе-
j:-:е: thе initial turning
:::.3 to sесond еxесutе
tа зпd thе timе to сhесk
l l^Ь.

ф - Heading ang|e

6 - Rudder angle

.rl First overshoot аngle
6Yz Second overshoot angle

Stаrboard

10"

o
10' .

Port

Fig.1-22 Тhе l0./10.zig-Za.q tеst
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Щgnеuvеring Сapability of Shiрs

The 20" l20. zig-zag tеst is pеrforrnеd using thе samе proсеdurе as abovе' using 20" ruddеr anglеs and20. сhangе of hеading, instеad of l0" ruddеr anglеs and 'l0. сhangе of hеading, rеspесtivеly.
From thе ztg-zag manеuvеr tеsts' еssеntial information rеgarding ship manеuvеrability is obtainеd.Thе Standards laу down сritеria using thе tеst rеsults for initial tuming ability, and yaw-сhесking andсoursе-kееping abilitiеs as follows:

(1) Initial turning abitity
With thе appliсation of 10. ruddеr anglеs to por1/starboard, thе ship should not havе travеled morе than 2.5ship lеngths by thе timе the hеading has сhangеd by l0" from tь. o.iginut i"uсinя.

(2) Yaw-сheсking and сourse-keeping abil it ies
О Thе valuе ofthе first ovеrshoot anglе in thе 10"/10" zig-zagtеst should not еxсееd:(o tо. irr,v is lеss than 10 seс;

@ zo" it ьгl is 30 sес or more; and
@ 1s+o.s L/V) degrееs' if L/V is 10 sес or more, but lеss than 30 sес,
whеrе L and V arе еxprеssеd in m and m,/sес, rеspесtIvеly.

оThеvaluеofthesесondovеrshootanglеinthе10./t0. ztg-zagtеstshouldnotеxсееd:
Фzs" , if L/V is lеss than 10 sес;
@цo". iГL lV is 30 seс or morе; and
@ 1tz.s+о.zs L/V) dеgrееs, ifllV is l0 sес or morе, but lеss than 30 sес.

L/V(10 sес
l0 sес{L/V{30 sос

L/V}30 sес

0'{ lо"
0l{(5+0.5ХL/V).

a'{zo"

az{zs'
a,{{tl.s+o.l5 Х L^/)

az{4О.

o Thе valuе ofthе first ovеrshoоt anglе in the20.l20" zig-zagtest shouldnot еxсeеd 25".

Thе valuеs of manеuvеrability indiсеs K and T, to bе disсussеd bеloщ arе сalсulatеd from thе zig-zag

Praсtiсal appliсation of thе tеst will bе disсussеd in thе sесtion Manеuvеrability of a Vеry Largе Ship.

a,{25"
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\fiaпеuverability Indiсеs K and T
t': ::lе stеady turning phasе, the rеlation bеtwееn thе rudеr anglе and thе stеady tuming ratе is ех-
:г:s.<еd аs shown inFig,1-23, with сoеffiсiеnt K known аs thе turning indеx..gain,'' Тhе timе nееdеd
j:r:hе ruming ratе to dеvеlop to 6З0/o of stеa-
:-, :uгning ratе is еxprеssеd as Т. Coеffiсiеnt
..]Г 

.s l'nown as thе initial tuming indеx, or
. :.]:-lе сonstant''' It is said that a |arge K valuе
:.г'-'i,Jеs a favoraЪ7e turrring ability. Faсtors
l .е;гlng thе valuеs of fuining indiсеs K and
т =е \1'atеr dеpth, draft, trim and ruddеr anglе.

*э
{s
{B
.g*
:5

{tt
r$

;3
ti;

Steady turning rаtе 

'i

tit&e ill
Fig.l-23l:

Ship responsе to steppеd input of rudder dеflесtion 
'i,tliral_riittltitllritittltфll]]1;r1111111,r,,rrttrt,rtttiiilti1::.::.' :1.111tilt:1111:],tlltitilltll,

:- ;urmbinations of largе or small valuеs of K and T, manеuvеring сharaсtеristiсs may bе сlassifiеd in forш
:jr:еrns as shown inFig.|-24. Howеvец bесausе K (stеady furning abiliф and 1П (initial turтing abili-
1" oг rеsponsivеnеss to thе hеlm) havе a сountеrvailing naturr to еaсh othец most ships belong to onе
" ' :hе two pattеrns shown in thе figurе (i.е., pattеms B and С).
S}tip A and Ship D bеlong to typеs whеrе stеady tuming abiliф and initial turning (rеsponsivеnеss to thе
r:-rэl abiliф arе еithеr good or pooц and ships bеlonging to thе abovе pattrms arе vеry sсarсе'
s n ip B has good initial turning ability but poor stеady statе fuining ability.
:.:lе high-spееd сargo ships, suсh as сontainеr ships, bеlong to this pattеm.
Slt-tip C has poor initial tuming abiliцz
ur gоod stеady statе fuming abiliф.

-.i 
ships, suсh as full-loadеd WССs

п'd bulk сarгiеrs, bеlong to this pattеm.

л\
fE

f t
^A

Ч

l{: C* large- good steady turning ability.1Г: 
c- smallt good initial turning ability

Fig.1-24 Four pattеrтs оf manеuvеrins сharaсtеristiсs

x
x

ox
o
o

K
т
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E!fififl Маnеur'еring Сapаbilitr оf Ships

Turning lag to nеw сoursе
Lеt us сonsidеr a ship is сhшrgng

сotшsе. Duе to thе rurning lag,

it is not possiblе to bring thе

ship onto thе intеndеd сoursе-

сhangin.е path if thе ruddеr is

put o\.еr rr.hеn thе ship has

rеaсhеd thе сoursе.сhanging

point as shown in Fig.l-25.
Сourse-сhanging point

Itt ll tl ll E,
l *"j,ъ

Fig.1-25
Cоuгsе.tuгrr ing lаg

l l



ship Manruver Tеsts

Whеn сhanфg оoursl' thе rud.

der should bе put over brforе

rеaсhing thе сoursе-сhanging

point, tаking thе tuming lag into

aссount. Thе distanсе to nrw

сoursе is thе distаnсе along thе

original approaсh сoursе, from

thе сommеrrсеmеnt of ruddеr dе-

flесfion to thе сorrше-сhanфg

рint. Thе relationship bеtwееn

thе сoursе-сhanging distanсе

to nеw сourse and thе сoursе-

сhаnging anglе is еxprеssеd

in Fig.1-2б.

Fig.l-26
Cоuгse- сhanging distanсе (new сouгse distanсe)

Тhе distanсe to a nеw сoursr is affесtеd by thе typе of ship, thе ship's сondition and watеr dеpth.



!ft!!fl Manеuvеring Capability оf Ships

Nеw Coursе Kееping Trst
Thе nеw сoursе-kееping tеst providеs information about thе timing of thе initial ruddеr dеflесtion for

bringing the ship onto thе prеdеtеrminеd path' thе nе.iv сoursr distanсе, and thе timing of сhесk hеlm

for sеtting thе ship onto thе nеW сoursе.

This manеuvеr tеst dеmonstratеs thе фpiсal rоlе of initial turning and yaw-сhесking abilitiеs, and is

usеd for praсtiсal manеuvеrs.

Тhe new сourse-keeping test is сarried out as foIIows:

l. Мovе thе ruddеr to port 15".

2. Whеn the сhangе of hеading rеaсhes thе ruddеr rrvеrse hеading, Y z, ( V z:\0" , 20" , з0" . . . ) from

thе initial approaсh hеading, movе thе ruddеr to starboard (сhесk hеlm).

3. Whеn thе yaw rate wеakеns its intеnsity duе to thе сhесk hеlm' rеtцrn thе ruddеr amidships. Whеn

thе fuming сеasеs and thе ship is sеt onto a spесifiеd сoursl' finish thе tеst with thе data aсquisition

of thе nеw сoursе anglе Y д and thе nеw сoursе distanсе Xс.

4. Rеpеat thе trst сhanging thе ruddеr rrvrrsе hеading Y z to 20" ,30. and еtс.

5. Rеpеat thе tеst using an initial ruddеr of starboard 1 5 ".

Rеpеat stеps l, 2 and З with 
..starboard,' 

and 
..port', 

rеvеrsеd.

Fig.|-21 shows an еxamplе of thе nеw сoursе-kеrping tеst.

When Yz=10"(20", з0". .  .  .  .  .  ) .
Cheсk helm ( 8 = -.t5") is deflected.

Vz: Ruddеr revеrse heаding
V+: New сourse anolе

Rudder amidships

Rudder angIе
d=15"

lnitiа| сourse

Fig.l-21
Еxесuting proсеdurе of nеw сourse.keeping tеst

Xс
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1.4 ShipManeuvеrTests

The tеst results arc aпartgеd by plotting Xс versusYд andYд vеrsusY2 сrrrvеs as shown in Fig.1-28,

ф whiсh thе timing of оhесk hеlm сorrеsponding with the new сolrrsr anglе, and of initial rudder
ffiесtion сan bе prediсtеd.

ftrexample, the following information is obtained from the figure:

.rfrеn altering сourse to 40" to starboard ( Yl:40"), thе ruddеr is dеfleсted to stаrboaтd |5o, at the
position 580 m (Xc:580 m: 2.1 L) short of thе plannеd point of altеring сourse

.rften the сhange of heading rеaсhеs 22" starboard(rеvеrsе heading anglеYz 12"),
.. - пrddеr is dеfleоtеd to port 15"

.тtsn thе yaw ratе wеakеns its intensity duе to thе сhесk helm, thе ruddеr is rеtцrnеd amidships.
Ihs, thе ship is brouф orrto thе nеw сotшsе path.

Xс1m1

1200

20" 40" 60"

Rudder reverse heading (Yz)

Fig.1.28 Rеsults of nеw сoursе kеeping tests

4L

120"
ct
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Ё
Ф
o
P Bo"
(в
.Еo
с'o
э
o(J

40"

Ship length 276 m
Rudder angle 15'
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!ft!fifl Manеuvеring Capаbitity of Ships

Most navigators use the following proсedure to
сhange сourse safe|y.

Sample)

Note)

о Some |arge vesse|s suсh as VLCCs are required to use more than 20 deg rudder
angle at the beginning.

оТurning rate should be maintained within 10 deg/min for safe ship handl ing ex-
сept in speсialсases.

о Ship-hand|ers are required to review their own ship's aсtua| distanсe to new
сourse in every сondition.

New сourse

Steady as she goes

Midships

About4to6оаbles

',li:i:r'i::i*rill!:rii::::::ili:r:i!tiilli:r1:i rilitlll:i} lltrrXlxl}!tl8rli1l|Xi:i}}l8X*}ili}}$i8l&*S?X}$3Xiфg1
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4-6 сables before way poinl

Suitable turning rate Тurning rate < 1o./ min

Аvoid exсessive turning rate Тurning rate S 10./ min

Adiust сoursе on new сourse 5-15 deg before nеw сourse

Heading on new сourse

Adjusling cоurs* tо set rn new €eursr'



l . . l  Shiр N4al lсuvсrTсsts

Introduсtion

Stopping, сoasting, baсking and accel.еrating arе important ship manеuvеrs:

Тhе first thrее arе partiсularly important for opеrations in сrowdеd watеrs or in proximity to

struсfurеs. Howеvеr, thе intеraсtions bеtwееn hull and propеllеr during thеsе manеuvеrs arе

сomplеx.

Stopping is thе manеuvеr of dесеlеrating thе ship by usе of full baсking powеr from any givеn ahеad

spееd until thе ship сomеs to rеst. Whеn disсussing stopping сapabilitiеs, at lеast two ahеad spееds

should bе сonsidеred: a сrash stop from 
..full-ahеad 

sеa-spеrd', and a stop from 
,.harbor 

spееd,' of

about 12 knots.

Coasting rеfеrs to dесеlеrating without using baсking powrr. Thе timе and distanсе rеquirеd for thе

ship to dесеlеratе to a speсified fraсtion of thе initial spееd is oftеn of intеrеst in ship handling. It is
r еrv impоrtant for a ship handlеr to dесеlеratе thе ship at thе lеast sustainablе ahеad powеr at whiсh

thе ship will rеtain stееrabiliф.

Backing is thе manеuvеr of aсcеlеrating thе ship from rеSt to a givеn astеrn spееd or distanсе.

Aсcelerating is thе manеuvеr of aссеlеrating thе ship from thе rеst or from any spесifiеd ahеad spееd

:L} a highеr ahеad spееd'

Тhе most important сharaсtеristiсs of most of thеsе manеuvеrs arе timе duration and distanсе from

initiation to сomplеtion. To simplify analysеs, we often assumr that thе ship travеls a straight linе

duгing thе manеuvеr.

Horr.еvец during stopping or baсking manеuvrrs of singlе sсrrw or uni-rotating multi- sсrеw ships, thе
гotation ofthе propеllеr(s) tеnds to swing thе to port ifthе propеllеrs arе right-handеd and to starboard

lf thеy arе lеft-handеd.

Тhеsе tеndеnсiеs сannot bе сompеnsatеd for with ruddеr dеflесtions as dеsсribеd in Sесtion 1.1, and
thеsе еffесts wi]l bе disсussеd later in this sесtion.
\\Ъen the ship dеviatеs from a straight path during a stopping or baсking manеuvег' thе distanсе
тar еiеd is mеasurеd along its сurvеd traсk (traсk rеaсh).

Projесtions of this distanсе -- tеrmеd hеad rеaсh and|atera| dеviation -- arе of thе grеat importanсе as

регГormanсе сharaсtеristiсs' (Fig. l -29)

l . -s

fiхеd

quitе
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!ftщ Manеuvеring Сapability of Ships

Stopping

Introduсtion

Stopping is a manеuver of interеst primarily from thе point of viеw

of avoiding сollision. Whеn dесеlеrating thе ship by usе of full

baсking powеr from 
..full 

ahеad sеa-spееd'' until thе ship сomеs tо

rеst, thе lеngth of thе traсk (traсk rеaсh) is сallеd 
..сrash 

stopping

distanсе'' or 
,.short 

stopping distanсе'', whiсh indiсatеs thе most

important indех for stopping ability. Thе Standards dеfinе thе tеr-

minology usеd in stopping tеsts as shown in Fig.1-29. Stopping

abil ity is mеasurеd by thе 
,,track 

rеaсh'' and 
..timе 

to dеad in

watеr', rea|ized in a stop еnginе-full astrrn manеuvеr pеrformrd af-

ter a stеady approaсh at full tеst spееd. Latеral dеviations arе also

of intеrеst' but thry arе vеry sеnsitivе to initial сonditions and wind

disturbanсеs.

\/ Aсtua|

Lateral
deviation

Ship dead
tn waler

s
.t
fi

Propeller rotation
reverseo or

p|тсn
reversed

order

Approaсh
сourse

Fig.l-29
Dеt]nitions usеd in stоpping tеst

The IMo Standards stipulate the fo||owing stopping abi|ity сriterion to be сomp|ied with:
Thе traсk rеaсh in thе full astеrn stopping tеst should not еxсееd l5 ship lеngths.

Howеvец this valuе may bе modifiеd by thе Administration whеrе ships of largе displaсеment makе

this сritеrion impraсtiсablе, but should in no сasе еxсееd 20 ship lеngths'

Operating elements and ship response during stopping maneuver

Thе timе history rесords ofpropеllеr thrust, ship spееd' propеllеr rpm and distanсе travеlеd during a

stopping manеuvrr arе shown in Fig.1-30.

n : propeller rpm
no : init iа| ahead prope||er rpm
nс : сorrespondIng astern prope||er rpm
тp : prope|ler thrust
Tpo: initial propeller thrust
Тpс: сorresponding prope||er thrUst
U : ship speed
Uo : init ial ship speed
S : distanсe trave|ed
so : stopping distanсe
tr :t ime to zero propel ler

rpm from astern order

Approximation

Fig.1-30
Timе histоry reсord of propеllеr thrust,

ship spееd propеllеr rpm аnd distanсе travеlеd during a stоpping manеuvеr

тp

б
Рno

A
I
I
IФ|

i l
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1'5 Spееd Соntrоl

As sееn in thе figurе, thе dесrеasе оfpropеllеr rpm n

and propellеr thrust Tp is rеlativеly quiсk, and settlеs

down to thе сorrеsponding astеrn propеllеr rpm nс

and baсking thrust Tpс, whеrеas ship spеed U

dесеlеratеs gradually and nееds a сonsidеrablе timе to

rеaсh zеro aftеr thе gеnеration of stеady baсking

thrust.

\ссordingly, thе ratе of inсrеasе of distanсе travеlеd

S is slow and rеaсhеs to thе stopping distanсе So 0

rr.hеn thе ship сomеs to rеst.

Fig.1.31 shows an еxamplе of thе mеasurеd and

сomputеd stopping distanсеs at sеvеral initial speеds

of a tankеr in full load and in ballast сonditions.

It is known that thеsе stopping distanсеs arе сalсulatеd vеry aссuratеly.

Influentia| faсtors on stopping ability

.|. Coeffiсient of fineness (Cь)

Whеn assuming thе two typеs of ships having thе samе displaсеmеnt, fat ships with largе Cb' suсh as

tankеrs or bulk сarriеrs, сonstitutе сharaсtеristiс fеafurеs with longеr stopping distanсеs сomparrd to

finе ships with small Cb, suсh as сontainеr ships' bесausе thе ship with lаrgе Cb inсrеasеs addеd mass

in a longiшdinal dirесtion.

2. Astern thrust

Nееdlеss to say, thе largеr the valuе of сonstant thrust is, thе shortеr thе stopping distanсе attainеd.

Fig.1-32 shows stopping distanое vеrsus thrее stagеs of astеm thrust: full astеrn, half and slow astеrn

thrust.

Fig.1-32
lnfluеnсe of bасking thrust

slow half
Astern thrust

Ф
(J ?5,с ' --
.2

a 10Lс'a
o-

(л 5L

Initial sPeed (knot)

Fig.1.31 Mеasurеd and сomputеd
stopping distanсе of a tankеr

lЭL

f; ror
.Ф

с

Б5L

. Full load, measure
- FU|| |oad, сompute

- вa||ast' сomputed

] гull toao
.n

Ballast
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E!fif, Мanеuvеring Capabiliф оf Shiрs

3. Types of power plants and propellers

Thе timе lag in rеvеrsing propеllеr rpm tеnds to dilutе thе rеsulting thrust inсrеasе. For largе tankеrs,

stopping is rеlativеly insеnsitivе to timе lag in rеvеrsing thе еnginе. on thе othеr hand, it may bе im-

portant for rеlativеly light, high-spееd ships, whеrе thе thrust is largе сomparеd to ship's mass. Thе for-

mеr ехplains why thеrе is a slight diffеrеnсе in stopping distanсе bеtwееn thе largе ship installеd with

a furbinе еnginе and onе with diеsеl еnginе, without bеing affесtеd by thе diffеrеnсе of timе lag in rе-

vеrsing thе еnginеs. Thе lattеr еxplains why, for a rеlativеly small ship, thе stоpping ability of a ship

еquippеd with a сontrollablе pitсh propеllеr (CPP) is supеrior a ship еquippеd with a сonvеntional

fixеd pitсh propеllеr (FPP)' bе-

сausе thе timе rеquirеd to rеvеrsе

thе notсh of СPP is rеlativеly

shor1.

Tablе 1-2

4. Displaсement and |oading сondition

Stopping distanсе and timе to stop

vary almost dirесtly with a ship's

displaсеmеnt. Fig.1-33 shows thе

сrash stopping distanсеs of

VLCСs, from whiсh it is also

known that thе stopping distanсе

of VLСCs in full-load сondition is

approхimatеly from 1.5 to 2.0

timеs as long as that in ballast

сondition.

Ф 1El

ф

U)

- 50,000 100,000 1 50,000 200,000 250,000

Displaсement tonnageFig.1-33
Short stopping distanсеs (vLСC)

a ;Ful l - load

O : ln ballast

5. Еxamp|es of stopping ability

Tablе 1-3 shows thе rеsults оf sеa trials on short stopping distancеS ''S',

105.084 23з 14'7 Diesel l5.5 з '658 15.7

:..€:l.1'.Eф$ф.:З :j.:::..Ё..ф.-:=::::;::i]{.ii8+=.::i'i:т;sфт:i'Еi.'i:i.jt.t.Ф.f,:.* i::'::4j?.€'g;I+ Lтi;}ili4.Ёi1:..ii'i$
279,989 319 20.3 Diesel 15.5 4,593 14.4

;-:.-:.'1;::З:....:i$i*1.;;:i::'i.::]i,:: l.:;.:'з19.]@.i.:. i::ii:::i'qф].i:.+ jlij:]?€i:= 1.l-.*:ll.Е'ф*!!l=..:i
VLсc 332'000 э20 24.в тurbine 14.8 3'241 10.1

Tablе 1-3

ole саrrier 55,700 211 11.8 Diesel 16.0 1,875 8.9

ProdUсt тanker

1;;r,,:;r'.=i.1Y.!Ee=
VLоc
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l . -5 Spееd Соrrtгol

6. Тurning motion during stopping

In this subsесtion, tuгning motion of a singlе-sсrеw ship with right-handеd propеllеr during stopping

:тanеuvеr is disсussеd.

.\s shown in Fig.1-34, whеn thе propеllеr is rеvеrsing, thе diffеrеnсе in rеaсtion forсе еxеrtеd bеtwееn

thе uppеr bladе and thе bottom bladе rеsults in a nеt forсе to port that tеnds to сausе thе ship to turn to

starboard. (known as ..thе dirесt еffесt of propеllеr'',)

Sample of r ight hand, s ingle propel ler

Ahead rotating Astern rotating

*Reaсtion forсe Disсharge flow

Discharge current of рrope||er bottom stronger than top to depth of рrope|ler

Fig.1-34
Direсt effeсt of propеllеr

.\lso, as shown in Fig.1-35, thе intеraсtions bеtwееn hull (stеm) and propеllеr disсhargе сurrеnts pro-

duсеs thе strong forсе to port that tеnds to сausе thе ship to turn to starboard. (knows as ..thе indirесt

еffесt of propеllеr on hull.'')

Astern rotating
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E!!!fl Manеuvеring Capabiliф of Ships

Furthеrmorе, as stated in Seсtion l.l, thе ruddеr losеs most of its еfГесtivеnеss during stopping bе-

сausе thе nеt vеloсity of flow ovеr thе ruddеr is small.

Gеnеrally, thе ship with right-handеd propеllеr tеnds to tum to starboard during stopping manеuvеr

duе to thе abovе statеd diтесt and indirесt еffесts ofthе propеllеr.

In fact, numrrous stopping trials indiсatе that ships tеnd to turn to starboard.

Howеvец bесausе ruddеr еffесtivеnеss and сoursе stability arе lost during stopping' thе turning dirес-

tion and its trajесtory arе susсеptiblе to suсh еxtеrnal disturbanсеs as wind and сurrеnt, and arе usually

unprеdiсtab1е.

Fig.l-36 shows thе variations of traоk rеaсh in sеa trials ofVLCCs.

Partiсularly' it is notеd that many of thе ships in ballast сondition that arе vеry susсeptiblе to еxtrrnal

disturbanсеs tеnd to tum to port. Thеrеforе, thе utmost сarе should bе takеn whеn еxесuting thе сrash

Stop manruvец taking surrounding sеa room and traffiс сonditions into aссоunt.

Y./S

U :Ship speed
Uо: lnitiaI speed

-0.6 -0.4 -0.2 0 0.2 0.4

Latera|dеviation X./S

Fig.1-36 Positiоn оf ships dеad in watеr in сrash stopping trials

At high spееds and sufГtсiеnt sеa room, it is said that furning of a largе ship is muсh supеrior to

stopping for avoiding ahazard.

Advanсе in a furn is muсh lеss than hеad reaсh in stopping and dirесtional сontrol is maintainеd. From

a slowеr spееd approaсh, thе stopping manеuvеr assumеs grеatеr importanсе and thе furning manеuvеr

bесomеs lеss signifi сant.

026 

| 

A Guide to Ship Handlins





Ship Handling in Restriсted Watеrs

Ship handling in сonfinеd watеrs, partiсularly in narrow watrrways' has bееn rесеiving a great dеal of

attеntion in rесеnt уеars. With thе еvеr-inсrеasing sizе of ships, as еxеmplifiеd in tankеrs and bulk сar-

riеrs, potеntia|hazards of сollision and gтounding aItracI attеntion, and сontrol еffors may rеsults in

pеrsonal injury and сostly damagе to both thе ship and thе surrounding еnvironmеnt. An aссidеnt сan

havе far-rraсhing еffесts' In rеgard to manеuvеring pеrformanсе' shallow watеrs may bе dеfinеd as

thosе in whiсh thе ratio of watеr dеpth to ship draft is thтее or lеss. At grеatеr ratios, shallow-watеr еf-

fесts on manеuvеring pеrformanсe bесomе rapidly lеss signifiсant as thе watеr dееpеns. Rеstriсtеd wa-

tеrs may bе dеfinеd aS nalтow сhannеls оr сanals, Watеrways with vеrtiсal or оvеrhanging banks or

arеas that inсludе piеrs and breakwatеrs whiсh introduсr a substantial сhangе in manеuvеring сharaс-

tеristiсs or rеquirеmеnts. obviously, most rеstriсtеd watеrs inсludе shallow watец and many inоludе

signifiсant сurrеnts and tidеs. In rеstriсtеd watrrs, arеas availablе for navigation arе limitеd, furthеr

сompliсating thе problеms of manеuvеring and сontrol of thе ship.

fФ
Reference Annex l,Chart showing Froude Number from ship length and ship speed

Thе Froudе Numbеr is a dimеnsiоnlеss numbеr and has bееn usеd for matсhing thе similariff of mo-

tion bеtwееn a modеl ship in tank tеsts and an aсtual ship undеr way. Hеnсе, this numbеr is usеd for

сomparing and arranging thе еxpеrimеntal rеsults of ships with various sizеs and spееds undеr thе nor.

mativе mеthod.

2) Froudе Dеpth l{umbеr (п'"n1

Тhis numbеr is сallеd thе Froudе Dеpth Numbеr and is usеd for сomparing thе еxpеrimеntal rеsults of

ships with various spееds and watеr dеpths undеr normativе mеthod.
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1) Froudе Numbеr (F")
Тhe Froude Number is defined as

U: Ship speed (m/seс)
g : Aссe|eration due to gravity (9.8m/seс,)
L: Ship length (m)

Fnrr.Ui6H- н: DepthofWater(m)

Fn-U/

In a similar way to the Froude Number,
the following dimensionless number is defined as



2.l Gеnеrаl i 2.2 Paranreteгs Rеlatесl to Сontlnеd Watеrs ] 2.3 Shallоw-Water Еffесts

Еffесts on Hull Sinkagе and Changе of Trim (Squat)
WЪеn a ship is proсееding, surroшtding watеr is displaсеd towards thе sidеs and thе bottom of thе ship' еxеrt-
rrrg thе flow of watеr rеlativе to thе moving ship. Thе prеSsurе distгibution that dеvеlops around thе shrp mov-
ing through watеr distorts thе watеr linе by raising thе lеvеl of thе hiф prеssrше rеgions ahеad of thе bow and
aft of thе stеm, whilе, bесausе of thе rеlativе vеloсity inсrеasе. lorvеring it along thе lеngth of the hull, partiс-
ulaф amidships. Fig.2-1 shows an illustrafion of prеssurе distribution of watеr flow around thе hull.

<** Streamlines, showing water flow around the hull Q Stagnation points where f|ow ve|oсity is zero

I
шФPre@

Pressure increasing

+riro*o,o*rюi*щшe'ь
{ tlow deсelerating { Streamlines diveгge Pressure decreasing { Flow aссelerating { Streаmlines сonverge

Fig.2-1
Prеssurе distгibution of water flow around thе hull

Flоw veloсity inсreаsing

Seabed
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!@@u Ship Handling in Rеstriсted Watеrs

Consеquеntly, thе ovеrall еffесt ofthе prеssurе distribution is to сrеatе a loсal dеprеssion ofthе mеan
lеvеl that сoinсidеs with thе ship and travеls along with it. Furthеrmorе, this drоp in thе watеr lеvеl is
сonсеntratеd amidships, whеrе immеrsеd hull volumе is grеatеst, and thе ship will also movе bodily
downwards to maintain its full buоyanсy, inсluding a сhangе of trim. This еffесt is impеrсеptiblе and
iшеlеvant in dееp watец but it bеcomеs signifiсant whеn thе ship movеs into shallow watеr' whеrе thе
rеstriсtion of flow bеtwееn thе hull and thе sеabеd wеakеns thе thтее-dimеnsional flоw towards thе

kееl and thе two-dimеnsional flow parallеl to thе hull grows strongеr. Thеrеfоrе, thе mеan watеr lеvеl

around thе hull is dеprеssеd fuithеr aссompaniеd by thе сhangе of trim, whiсh rеsults in a signifiсant

rеduсtion of undеr kееl сlеaranсе' This phеnomеnon is known as 
..squati' 

Fig'2-2 shows thе flow pat-

tеrn, prеssurе distribution and watеr lеvеl around thе hull in shallow watеr.

Deep Water

Stern Bow

Shallow Water
Stern

Pressure

Water Level

+2

+1
-4

'V_21 t
+^

т! '

+2
тl

0

\^ ,/ I
-o / I//

Fig.2-2 Flоw рattепr, pгеssuге distribr-шiorr аnd сhangе oГ wаter levеl in shallow watеr

030 I A Guide to Ship Handling



Fig.2-3 shows thе bow sinkagе (F.P.) and stеrn sinkagе (A.P.) when proсеeding in dееp water (solid

line) and in shallow watеr (сhain linе)'

The squat is сonspiсuous in shallow watеr. Trim by thе hеad is prominеnt in thе low spееd rangе, and

trim by thе stеm in thе high-spееd rangе. As thе Froudе Numbеr approaсhеs 0.25 (a ship of 300 m

lеngth with its spееd about 26 knots), thе bow of thе ship tеnds to float, and thе stеrn tеnds to sink

abruptly. Howеvец largе-sizеd ships usually navigatе shallow watеr at stand-by spееd, and most ships

arе сonsidеrеd to bе proсееding with thе trim by thе hеad. Bесausе the squat is mainly rеlatеd to lаrgе-

sizеd ships with full-load сondi-

tions, it is important to obtain

thе amount of bow sinkagе, as

most of thе ships tеnd to bе

trimmеd by thе hеad.

Fig.2.3 Bow and stem sinkagе
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reEfi@ Ship Handling in Rеstriсtеd Watеrs

Fig.2-4 shows thе squat еstimation сhart for a ship in сombinatiоn with its lеngth (L), and spееd (U).

Instruсtions: (Plottеd bу brokеn linе: bow sinkagе ofa 300 mеter tanker with 17 metеr draft proсееding at 12 knots rn watеr оf22 mеtет dеpth.)
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Fig.2-4
Squat еstimation сhart
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0.04 0.06 0.08 0.10 0.12 0.14 0.16 (Fn)

c Еnter ship speed in knots. (U : 1 2 knots)

@ Draw para||el line to interseсt appropriate ship |ength. (L: 300 m)

@ oroppeрendiсu|ar|inetointeвeсtфsсissаoftheupperdiagrаmtoobtainthecorrespondingFroudeNumber,(Fn:0.114)

@ Continue to draw perpendiоular Iine to interseсt appropriate water depth/ship draft. (H/d=1.3)

@ Draw para||e| |ine to interseсt bow sinkаge/ship Iength (%) to give bow sinkage as percent of ship |ength.
(BoW sinkage/shiр length (Lpp)=0.з2%, i.e', amount of bow sinkage=з00Х0.32%=0.96m)
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Еffесt on Hull Rеsistanсе and Ship Spееd

WЪеn a ship movеs into shallow watец ship spееd is rеduсеd duе to inсrеasеd wavе making rеsistanсe

and thе dеtеrioration оf prоpulsivе еffiсiеnсy.

From the results of speed trials, the following formula is
proposed for the сritiсal water depth affeсting hu|I resistanсe:

H<3y'8d
H: Wаter depth (m)
B: ship breаdth (m)
d: Ship draft (m)

Еffесt on Turning Capability
Whеn a ship is turning in shallow watец thе fuming diamеtеr inсrеasеs сonsidеrably duе to thе blunt.

nеss of hull rrsponsе at thе initial stagе of thе furn and thе inсrеase of thе furning momеnt of rеsistanсе.

Fig.2-5 shows thе rеsults of 280,000-DWl ship lеngth 320 mеtrr VLCC tankеr simulations in watеr

dеpth1.5 timеs ship draft (tlld:l.5), ship spееd l5.7 knots, full-loadеd condition.

ln shallow watеr, thе maximum advanсе inсrеasеs up to approximatеly l.4 timеs, and thе taсtiсal diam-

еtеr inсrеases up to about 1.3 timеs as сompared to tuming in dееp watеr, rеspесtivеly.

280.000-DWт vLсс
Lpp:320m

speed :15.7kt
Full-loaded

Rudder аngle з5"

хship speed=Apprcaсh speed

Fig.2.5 Tuming сiтсlе (сomparison bеtwrеn deеp and shallow Watеr arеas)

(m)

ФHId= oo
qg6=1.5

t:
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tE'llЕI Ship Handling in Rеstriсtеd Watеrs

Aоtual test

Rudder angle 35'

Fig.2-6 summarizеs expеrimеntal data on tuming ratе.

280'Ф0.DwтvLсс
Lpp:320m

App]oaсh speed :7k
FulI-Ioаded

Fig.2.6 Еffесt of water depth on turning pеrformanсe (280,000-DWT VLCC)

(TD =1391;..1 diameter)

A substantial inсrеasе in taсtiсal diametеr (turning diamеtеr) is shown in shallow watat (H/F|.2,).
In thе figurе, aЬout75Yo inсrеase in tасtiсal diamrtеr (furning diamеtеr) is observеd as сomparеd to thе
tactica| diamеtеr (turning diamеteг) in dееp water.
Turning сirсlе in shallow watеr gеts biggеr in thе dirесtiоn ofvеssеl sidе than advanсе.
And thе samr effесt on'wake is observеd in сoasting furn and aссelеration tцrn in shallow watеr.
This сhangе in manеuvering сharaсtеristiсs is very important from thе viewpoint of maneuvеring safе-
ф duе to inсгеasing importаnсе of manеuvеring ability in shallow watеr, suсh as in harbors and othеr
rеstriсtеd WaterwaУs.

0з4 
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2.3 Shallow-WЪtеr Еf1ъсts

Rесognizing thе Signs of Squat

- 
ship's officer on watсh wi]l notice the fo11owing tеndеnсtеs in thе ship's behavior when the ship

-..lllеs into shallow watег:

.. Hu1l rеsistanсе is inсrеasеd аnd thе ship bеgins to slow down as it bесomеs affесtеd by squat.

]' .\s shown inFig.2-7, thе divеrging wavе pattеtт appеars to widеrr as thе Fгoudе Dеpth Numbеr
i Еnь) is inсrеasеd.

.]. Тhе сlosе proхimity of thе propеllеr to thе sеabеd tеnds to сгеatе grratег hull vibration.
Spееd is thе most influеntia] faсtor govеtтing squat. so slowing thе ship will havе thе most immеdi-
atе еffесt in rеduсing squat and improving сontгol ovеr thе ship, providеd thаt stееragе way is main-
tainеd.

Watеr deptlr aЛd Wavс pattеr.n

h,*=ti ur\.*=

ullsH = U. (

о Reduсe speed to
regain сontrol of ship.

оАbnormalhull
vibration is observed.

Fig.2-7

S**t$*ъаJ

О.99 Serious
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!@fi!fi! Ship Handling in Rеstriсted \lЪtеrs

Rеquirеd Undеr Kееl Clеaranсе
For safе navigation in shallow watец it is еssеntial to keеp suffiсiеnt сlеaгаnсе bеtwеen the ship's bot.
tom and thе sеabеd dеpеnding on thе соnditions of thе ship, the ship,s manеuvегability and thе сondi-
tions of thе sеa area. This margin, known as..UndеrKееl Clеaranсе (lKC),'' is dеfinеd as shown in
Fig.2-8.

Under Keel Clearanсe ( UKC) = (Gharted water depth) + ( Height of tide)-(Ship draft at rest)

Fig2.8 Dеfinition of undеr kееl сlеaranсе (JKC)

The fo|lowing faсtors should be taken into aссount when determining UKC:

1. Hull sinkage and сhange of trim

Whеn navigating shallow wateц thе amount of bow sinkagе should bе kеpt in mind as ships tеnd to
bе trimmеd by thе hеad.

2. Sinkage of the fore and aft perpendiсulars, and bottom bilges due to ship osсillation
Whеn thе enсountеrеd wavе pеriod synсhтonizеs rvith a ship's natural period of pitсh or rol1, thе
amount ofsinkagе should bе takеn into сonsidеration for fоrе and aft pеrpеndiсulars or thе bottom
bilgеs.

3. Aссuracy of сhаrted depth

Thе following is thе intеrnational standard for pеrmissiblе еrror in survеying:
о Permissible error of 0.3 m for Water depth of 20 m or less
о Permissib|e error of 1'0 m for water depth between 20 m and .|00 m

Thеrеforе, thе abovе еrrors in сhartеd dеpths should bе takеn into сonsidеration.

5 | A Guide to ship нandljng



4. Meteoro|ogiсaI and oceanographiс сonditions
. one hPa (one mili-baф rise in atmospheriс pressure depresses water Ieve| by approximate|y one сentimeter
.Whentheshipсomesintoaseaarеaof seawaterdensity P2Irom anareaof seawaterdensityP1

the amount of the change in draft ld is expressed by:

'\. 
,1 dr: initial ship's draft at sea water density, p1

дd=dl. + (+.f i  cb: ship,sb|oсkcoeff iо ient
1,.w ' ln 2 ' cw: ship,s Water рIane area сoeffiоient

or

дd=l .025. (1 l p,.1 IP,') W/тPс y,"?,*::.J:::lll"*
Navigators shou|d remember the foIlowing formuIa аnd vaIue.
Тhe formu|a gives approximate sinkage (сm) per 0.001 of сhange of density.

adp*0.001 .W/тPс ldp : Sinkage per 0.001 change of density

ln the сase of VLCC'

adp*1.5 сm (ful l . load condit ion)

Drаft 20.01m at density 1.025.'.Draft 20.04 at density 1.023 (ld i аdpX2)
. Surplus margins should be taken for the сharaсter of the sea bottom, whiсh is сonsidered to be 60 сm
tor roсkу bottom, 30 сm for sand bottom.

5. Examples of regulation and сriteria for standards

Thе Еuropеan Marinе Pilot Assoсiation (ЕМPA) has laid down thе following сritеria to bе сompliеd

with rеgarding undеr kееl сlеaranсе (UKC):

Gondition

Open sea

Outer harbor

lnner harbor

Thе IMo stipulatеs thе following rulе for a dееp draft ship (having a draft of 15 mеtеrs) and a VLCC
(a tankеr of 150,000-DWT or morе) passingNlalacca and Singaporе Straits:

. VLCCs and deep water vessels require an under keel сlearanсe (UKC) of at least 3.5 meters at all
times during the entire passage through the Straits of galacca and Singapore.

.:.,, UKC..,.
2 20o/o dratl

> 15% draft

> 10% draft

UKс>3.5m
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Etrtrа Ship Handling in Rеstгiсtеd Wаtеrs

Bank effесt
If a ship is proсееding alоng thе сеnterlinе of a сanal whosе сross sесtion is сonstant and symmеtriсal
about its vеrtiсal сеntеr planе, thеn thеrе is flow syrшnеtry port and starboard and thе ship is subjесtеd
to no yaw momеnt or sidе forсе.

Howеvец whеn thе ship is proсееding сlosе to onе sidе of thе сanal as shown tnFig.2-9, thе inсrеasе
in thе vеloсity of flow betwееn thе hull and thе nеar wall сouplеd with dесreasеd vеlосity of flow bе-
twееn thе hull and thе far wall сrratеs a forсе that draws thе ship towards thе nеar wall (suсtion forсе).
Меanwhilе, displaсеd water mass is aссumulatеd bеtwееn thе bow of thе ship and thе nеar wall, gеnеr-
ating a high watеr region. This high watеr rеgion (i.е. high prеssurr rеgion) сrеatrs a rеpulsivе fоrсе tо-
wards thе far wall at thе

boщ sеtting up a momеnt

that tеnds to swing thе

bow towards thе far wall
(a bоw out momеnt).

]\л>0

___t___CenterIine of сhanneI

Fig.2.9 Bank еffесt

With a small amount of drift anglе, thе ship will run оbliquеly on thе ship.s path paгallеl to thе сrntеr.
linе of thе сanal' maintaining thе еquilibrium of thе sidе forсеs and momеnts сгеatеd bу thе drift mo-
tiоn, bank еffесt and ruddеr dеflесtion, as shown in Fig.2-10.

Е=+ l^ due to rudder :::.j... :]л.+ due to dritt ang|e E+ д^ due to bank etfeсt B: drittangte

-t
I
tl

M : bow out moment
F : suсtion forсe
7 : deviation from centerline

Channel wall

(1)
вunning strаight

(21
Starboard rudder

(3)
start of Bаnk effeсt

(4)
Drift motion
ЕquiIibrium сondition

I A Guide to ship наnd|ing
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Тhеrеforе, thе сhrсk hеlm should bе dеflесtеd towards thе nеar wall to сontrol thе turning momеnt gеn-

еratеd by thе drift anglе' Howеver, a ship navigating a сhannеl is in a situation of unstablе еquilibrium,

and off-сеntеr сoursе maintеnanсе сannot Ьe reailized mеrеly by dеflесting сonstant ruddеr anglеs and

holding it fixеd. For this puЦposе, whеn a diffеrеnсе is dеtесtеd for thе antiсipatеd еquilibrium сondi

tion, thе ruddеr should bе dеflесtеd to сoшесt thе diffеrеnсе. By сontinuing suоh stееring, thе ship's path

may bе kеpt parallеl to thе сеntеrlinе of thе сanal. Thе mеan dеflесtion of thе ruddеr may bе rеgardеd as

thе сhесk hеlm' Fig.2-11 shows еxpеrimеntal rеsults of rеquirеd сhеоk hеlm to maintain off-сеntеrlinе

сoursе undеr еquilibrium сonditions with сhangеs in water dеpth. The absсissa shows thе ratio of dis-

tаnсе oflсеnteтline to ship brеadth. In all сasеs, еquilibrium dift angle was relativelу small. It is said

that, with a maximum ruddеr anglе of *З5o, a rеsеrvеd ruddеr ang|e of 20 dеgтeеs or so is rеquirеd for

thе safе ship handling in сonfinеd Watеrs. Aссordingly, thе allowablе сhесk helm is limited to + 15"for

a ship with a maximum dеsignеd ruddеr anglе of *35.. For this rеasоn, it is dangеrous for a ship to

proсееd through a path еxсеssivеly rеmotе from thе сеntеrlinе ofthе сanal.

6 1вudder аngle1 H/d
1.2

_o

20

-1.0

1.5
'1.9

l+W+l

Fig.2-11 Requiтеd сhесk hеlm to maintain off-сеntеrline сoursе

Whеn navigating shallow watеr with an inсlinеd sеabеd athwart thе ship's beam, and for thе samr rеa-

son as proсrеding сlosе to onе sidе of a оhannеl, a suсtion forсе is сrеatеd that draws thе ship towards

thе shallowет sidе, and a bоw-out momеnt swings thе bow towards thе dееpеr sidе'

It is rеportеd that thе еffесt of sеabed inсlination on сoursе kееping is surprisingly grеat, and that а sig-

nifiсant amount оf ruddеr dеflесtion is rеquirеd to maintain сoursr.

Thеrе еxist not a fеw harbor-approaсh сhannеls with sеabеd inоlinations, wherе сarе should bе takеn

during transit.
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!@!@@ Ship Handling in Rеstriсtеd Watеrs

Intеraсtion Bеtwееn Two Ships
Closе passagе of two ships and thе rеsulting hydrodynamiс intеraсtions bе-

twееn thе two arr opеrationally important for situations suсh.as ovеrtaking

or mееting in a rеstriсtеd сhannеl, rnanеuvеring to avoid сollision, and
passing a ship moorеd adjaсеnt to a narrow сhannеl. Intеraсtion in thе сasе

of mееting (ships moving in oppositе dirесtions hеad on or nеarly so) rare-

ly сausеs problеms as thе ships usually pass eaсh othеr rеlativеly quiсkly

and thеrе is insuffrсiеnt timе for thе prеssurе systеms to сhangе in any sig-

nifiсant way. Most сritiсal situations arisе whеn onе ship is ovеrtaking the

othеr and thе pеriod of сlosе proximity is rеlativеly long. Aссording to thе

rеsults of modеl tеsts, touсhing and сollision aссidеnts arе сausеd by thе

supеrposition оf thе following faсtors:

1. Both ships are making high speed and the speed differenсe between the

ships is small.

2. Both ships are in an overtaking situation and have suffiсient time to interaсt;

this differs from a meeting situation.

3. Both ships are running paral|e| with с|ose passage.

4. Both ships are navigating shal|ow Waters or restriсted Waters that are sus-

сeptibIe to interaсtion.

I lnteraсtions between two similаr-sized ships in an overtaking situаtion

Fig.2-|2 shоws a diagram of forсеs and momеnts with thе rеlativе position

of thе two ships whеn ship B is ovеrtaking ship A in a naпow сhannеl.

Thе following two rеgions may сausе a dangеrous situation;

. When the bow of overtaking ship B overlaps't/4 to 1/3 of its length with the
stern of ship A, dangerous forсe moments towards the other ship are сre-
ated. (When abreast, the ships are drawn together by bodi|y suсtion amid-
ships while bow-out moments and repulsive moments arise in both ships.)

. As ship B moves further ahead of A, ship A abruptly сhanges the direсtion
of moment from ..bow-out'' to ..bow-in'', and, with a drawing forсe to ship
B, the vessls are at risk of touсhing.

To prеvеnt the dangеr induсеd bу ship intеraсtions, it is nесеssary to rеduсе

spееd (iеss than 10 knots), and to kееp a suffiсiеnt latегal sеparation dis-

tanсе of at lеast onе ship lеngth in thе parallеl run.

,*т) ffi
trffi

'П

lo l
ъt]

tfr
Еl
ш

5Р Turning moment

ф Bodily suсtion

i; сhange in resistanсe

Fig2.|2 Intеraсtions bеtwееn twо ships of similaг sizе
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2.4 ЕtТeсts of Narow Channеls

p lnteraсtion between a tug (or а small сraft) and a large ship

Whеn thе tug is ovеrtaking thе largе ship to сhangе station from thе stеrn to thе bow, the tug is affесtеd

by intеraсtion сonsidеrably morе than thе largе ship. Thе tug is moving in watеr flow that is dominatеd

by thе strеamlinеs of thе prеssurе fiеld surrounding thе largе ship.

Fig.2-13 shows thе illustration of thе forсеs and momеnts working on thе fug whеn thе tug is сhanging

station from thе strm to thе bow.

From thе figurеs, thе following is known:

o Тhe tug approaсhing the stern of the |arge ship wi|| experienсe suсtion forсe and bow.in (towards the
large ship) moment.
The rudder is to be def|eсted outwards. (Fig.2-13, (l) and O)

. When the tug is approaсhing abreast of the |arge ship' the tug will experienсe suсtion forсe and bow-
out moment, and the rudder is to be defIeсted inwards. However, the suction forсe and bow-out
(against the large ship) moment are relatively weak. (Fig.2-13, @)

о When the tug is approaсhing the bow of the |arge ship' the tug wi|| enсounter inсreasing pressure and
an inсrease of engine output is required to overcome the resistanсe barrier. Due to the greatly increased
suсtion forсe and bow-out moment, enhanсed inward rudder def|eсtion is required. (Fig.2-13,@)

o At the moment the tug moves ahead of the |arge ship' suсtion forсe сhаnges rapid|y into repu|sive
forсe and bow-out moment into bow-in moment. Тo сope with the bow-in moment, the rudder is to
be def|eсted outward. ln сase of untime|y switсhing of rudder def|ection, the tug.s bow wil| be turned
to the bow of the |arge ship, whiсh may resu|t in сoIIision. (Fig.2-13, o)

Fig2.13 Interaсtion bеtwееn a tug and a largе shlp
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!ftfisft Ship Handling in Rеstriсtеd Watеrs

ll lnteraсtion between moored and passing ships

As shown in Fig.2-14, thе сharaсtrristiс fеaturеs of the intеraсtions оn thе moorеd ship arе summarizеd

as Гollows;

o The |ongitudinal forоe has two peaks in opposite direсtion - the first forward, the seсond afterward.

о The |atera| force is сharaсterized by initial repu|sion, foI|owed by attraсtion between the ships and re-

pulsion again at the end of the passage.

. The yawing moment goes through four phases.bow repu|sion, bow attraсtion, bow repu|sion and bow

attraсtion.

200 8000

бФЕ
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-1 00

-200
c r20 140 160 1

€ - . .+ *

Time (seс)

Ю....+ ж+

Fig2-14

160 180

a mоorеd ship

The forсеs and yaw momеnt on thе moorеd ship arе direсtlу proportional to thе sizе and squarе of thе

spееd ofthе passing ship, and invеrsеly proportional to thе watеr dеpth and latеral sеparation distanсе.

Bеsides the hydrodynamiс intеraсtion bеtwеen two ships, thе motion of thе moorеd ship is influеnсеd

by thе wavе gеnеratеd by thе passing ship. Partiсularly, thе еffесt is сonspiсuous in surgе motion, and

involvеs thе dаngеr of rеnding mooring ropе and of damagе to the ship's sidе duе to сontaсt with thе

wharf. As dеsсribed abovе, thе еffесt grows strongеr as thе surrounding watеr dеpth bесomеs shallow-

еr, the ship passes at a fastеr spееd and with a smallеr latera| sеparation distanсе.

Thеrеforе, partiсularly in shallow Watеrs, thе passing ship should keеp thе latеral separation distanсе as

broad as possiblе' and kееp its spееd as slow as possiblе whilе maintaining stееrage way'

042 | ^ 
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In-Harb

Gеnеral

Rесеntly, thеrе has bееn an inсrеasе in thе following typе of aссidеnt: thе anсhor and anсhor сablе run
out to thе bittеr еnd whеn thе anсhor is lеt go from thе hawsе in a dееp watеr anсhoragе; thе aссidеnt
oссurs bесausе thе wеight of thе anсhor and сablе and thе momеntum dеvеlopеd by thе frее.fall ехсееd
thе сapaсity of thе brakе. Furthеrmorе, aссidеnts involving vrssеls lying at anсhor сontinuе to oссur.
Most of thеsе arе thе rеsult of dragging anсhor, and сonсеtn drifting, сollision or grounding.

Anсhoring safеly to prеvеnt thе abovе-mеntionеd aссidеnts is disсussеd in this sесtion.

Prеparation for Anсhoring

Whеn anсhoring, prior invеstigation of thе following сonditions for anсhoragе is rеquirеd:

1. Direction and strength of wind and сurrent
2. Depth of water
3. Тype of seabed (Seleсt a type of seabed with good anсhor ho|ding сharaсteristics)
4. Loсation of |ee.shore, shoals, or hazаrds suсh as submarine сab|es and other obstaс|es
5. Maneuvering room for approaсh
6' Swinging room after anсhoring
7. Conditions affeсting visibility' weather and

сurrents

Routing and spееd rеduсtion plans on thе

Way to thе anсhoragе arе to bе madе, and thе

anсhoring mеthod and approximatе lеngths

of сablе to bе paid out should bе dесidеd in

advanсe.

Thе following arе typеs of anсhoring mеthod'

as shown in Fig.3-1.

Riding to
two anсhors

ry. Wry
l l
l l

\P
\/

I
MooringRiding to

a single anсhor
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Thе riding to a singlе anсhоr is thе most сoпrmon mеthod, but thе othеr two aссеptablе mеthods --

mooring or riding to two anсhors -- should bе usеd whеn wеathеr and сurrent сonditions demand.

Onсе thе mеthod has bееn сhosen, thе nеxt dесision involvеs whеthеr to anсhor to starboard or port.

Finally, prеparations arе madе for lеtting go anсhor. Whеn riding to a singlе anсhor, thе following

еmpiriсal standards arе givеn for thе rеquirеd lеngths of сablе to bе paid оut:

Preparations for |etting go anсhor.
Aftеr thе trial run оf thе windlass, thе following proсеdures arе rеquirеd for making thе anсhor геady for let-
ting go: (sее Fig.3-3)

. Еngagе thе сablе holder and thе pin for firmly seсuring lеvеr.

. Rrmovе the anсhor lashings.

. Rеmovе thе сhain stopрет upon сonfirming it is frее fтom any loaф a сon-

dition that requirеs thе stoppеr to bе sесurеd at rеst by thе sеоuring pin.
о Relеasе the brakе and walk baсk (out) thе сablе. (..Wa1k-baоk''

mеans lеtting out сable using a gеarеd windlass.)
. Walk baсk the anсhоr to thе ..сoсk.bill'' сondition or into thе watеr

dеpending on statе of anсhoragе. WЪеn walking baсk thе anсhor

into thе watеr, ship speed should be rеduсеd to a rangе сonsidеred

safе for lowеring thе anсhor into the watеr. Fig.3-3 windlass

. Sеt thе brakе firmly, disengagе the сablе holdеr and sеt thе pin for thе sесrгing lеvеr to thе disengage position.
Thе windlass is rеady for letting go anсhor by frее-fall, when thе аnсhor is hеld solеly by the windlass' braking forсе.

. The opposite anсhor should bе rеadiеd and set on standby in prеparation for an еmеrgеnсy.
o If thе ship is loadеd with inflammablе liquid or gas' a water-flushing system for thе hawsе should be prе-
parеd. Thе watеr wiil bе usеd to prrvrnt sparks сausеd Ьy anсhoring opеrations.

. In addition to anсhoring prеparations оn thе forесastlе, pеrsonnеl on thе navigation bridgе arе rеquiтеd to
makе prеparations for usе ofthе есho-soundеr and thе spееd mеter for thе purрosе ofmеasuring watеr depth

and ship's hеadway, rеspeсtivеly'

80

-Фfr60
5

-a-40Ф
o
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@ Japanese standard:
. Normal anсhoring

Lc = 3xH+90(m)
. Hеalу wеаthеr anсhoring

Lс = 4xH + 145 (m)

€) u.к. standard (Admira|ty Manua|of
Seamanship, London):

Lc=27.5x1.51Hor Ns = 1.SvTl

Lс: Iength of сabIe to be paid out (m)
Н : water depth (m)
Ns: shaсkIes.of сab|e to be рaid out

Fig.3-2
Lеngth of сablе to bе paid out

(U.K & Japаnese standаrd)

A Guide to ship нandlins 
| 

иs



E!fil!fl ln-Harbor Ship Handling

Anсhor and Anсhor Cablе
Thе spесifiсations of anchor and anсhor сablе to bе еquippеd arе dеtеrminеd with thе Еquipmеnt Num-

bеr of thе ship stipulatеd in thе Rеgulations for Еquipmеnt of Ships.

Еaсh сlassifiсation soсiеty lays down its own rеquirеmеnts in сomplianсе rvith thе abovе standard.

Anсhor сapabil ity
It is dеsirablе that an anсhor ехhibits ovеrall сapability сovеring thе following propеftiеs:

1. The anоhor f|ukes bite into the seabed without fai| after the anсhor is Iet go.

2. Тhe anсhor possesses suffiсient holding power (resistanсe) to сope with the forсe dragging the anсhor.

3. The anсhor maintains postura| stabi|ity without turning over when it is pu||ed through the seabed.

Types of anсhor
Thе major anсhors сommonly usеd in mеrсhant ships and naval vеssеls arе shown in Fig.3-4.

In mеrсhant ships, the AC14 typе anсhor appеars to bе thе most widеly usеd, bесause of its high holding powеr

and postural stability.

Fig.3.4 Majоr anсhors

Danforth

Holding power of anсhor
Thе holding powеr of thе anсhor is normallу еxprеssеd as a faсtor of its own wеight

ho|ding power of anсhor (ton)

weight of the anchor (ton)

сoeffiсient of the ho|ding power

Hp:

Wa:

la:

Hp=la'Wa or 
^"=#

Jls anсhor AC14 аnchor

046 
| 
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3..l Anсhoring

For examplе, thе AС14 anсhor will hold morr than 10 timеs its own wеight if thе sеabеd is good;

in poor sеabеd of sоft, silty mud, thе holding powеr will drop to about 3 times anсhоr wеight.
Howеvец thе holding pоwеr of thе JIS t1pе anсhor is, at bеst, half that of anACl4 anсhor of еqual
wеight under normal seabеd сonditions.

Fig.3-5 shows thе AC14 anсhor undеr pulling tеst.

Thе figurе shows that thе anсhor bitеs wеll into thе sеabеd and maintains stablе postuте without tцm-
ing ovеr.

on the other hand, Fig.3-6 indiсatеs that thе ЛS anсhor tеnds to turn ovеr whеn draggеd, and subsе-
quеntly brеaks out with flukes up.

Fig.3.б JIS anсhor turnеd over

Fig.3-7 illustratеs thе сharaсtеristiс hold.

ing power сцryеs of thе ACl4 and JIS

anсhors. Thе AC14 anсhor еxhibits high

аnd stablе holding power' whеreas thе

holding power of thе JIS anсhor dесlinеs

drastiоally aftеr it turns ovеr and losеs

thе ability to grip thе srabеd.

Ф()
Ф
.чслФ
())
E
oт

Fig.3.5 AC14 anсhor biting into the bottom

Fig.3-7 Holding powеr сharaсtеristiсs сurvе

PulIing distanсe
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Bеsidеs thе holding powеr of thе anсhoг itsеlf. thе сontгibution оf thе anсhor сablе сannot bе ignorеd.

Mоrеovец thе anсhor сablе plays thе impoгtant rolе оf absorЬing somе of thе еnеrgv aсting on thе an-

сhor by сhanging thе shapе of its сatеnary.

Fig.3-8 shows thе anсhoring systеm whеn ridin-s to a sino1е anL.hLrr.

Total mooring powеr P is thе sum of thе holding poв.ег of thе аnсhоr r Hp = ,|3. !'|/" ) and thе friсtional

rеsistanсе of thе сablе laid ovеrthе sеabеd (l".W".1 ): thаt is.

t::: l
t  I- . ' |n lr| inпnar l  ' . l ,  СяtananrnaЁ
г- l  |VIUI|t l l  Pa| r_-velЕlIс|)r Рс1r[+

P= l".Wа+Ic.Wc. l/

Fig3-8 -

P : mooring power (ho|ding pюr,ier of anсhor аnd сab|e) (ton)

^a: 
сoeff iс ient of holding power

Wa: anоhor weight (ton)

lс: сoeff iс ient of саb|e resistaлсe 9gr цпit length (}с=0.75)

Wс: саb|e Weight per Unit lengгth iton ф]

f : ho|ding |ength of сablе (mi

Seаbed



з.1

Anсhоring opеratiоns

Approaсh to an anсhor berth

Anсhoring mеthod variеs aссording to watеr dеpth, сurтеnt and wind сonditions at thе anсhoragе.

Riding to a singlе anсhor by dropping anсhor (lеtting go thе anсhor undеr stеmway) is normally usеd

bесausе of its handling simpliсity whеn lеtting go or wеighing anсhor. Thе ship proсееds in aссordanсе

with thе spееd rеduсtion plan, and thе еnginе is stoppеd bеforе arгiving at thе anсhor bеrth, advanсing

solеly by inеr1ia. Thе еnginе is put astеrn just bеforе thе intеndеd loсation so that thе ship may сomе to

a stop in thе anсhor bеrth. Thе anсhor is lеt go and thе сablе is paid out undеr stеrnway.

Pеrsonnеl on thе navigation bridgе rесord thе ship's hеading whеn thе anсhor is lеt go, and plot thе

position ofthе bridgе (anсhor position) on thе сhar1.

Anсhoring in water of 20 meters or Iess depth

Whеn anсhoring in watеr of 20 mеtеrs or lеss dеpth' thе anсhor may bе lеt go frееly by rеlеasing thе

brakе from thе сoсk-bill position, and an amount of сablе approximatеly еqual to twiсе thе dеpth оf

watеr shоuld first bе allowеd to run out frееly to еnablе thе anсhor to еmbеd itsеlf. Thеrеaftец thе

windlass brakе should bе appliеd so that thе сablе is kеpt growing at an ang|e of about 30 dеgтeеs tо

thе vеrtiсal. Thе brakе should not bе appliеd forсеfully. A frеe-falling anсhoring сan сausе parting of

thе сablе and damagе to thе windlass.

In largе ships, stеrnwaу after lеtting go thе anсhor should bе adjustеd within 0.5 to 1.0 knot to prеvеnt

an еxсеssive strain on thе сablе. Whеn thе intеndеd shaсklеs of thе сablе arе оaid out. suffiсiеnt brakе

should bе appliеd to сausе thе flukеs ofthe anсhor bitr into thе sеabеd.

When thе сablе tautеns and thеn slaсkеns, it is a sign that thе ship is brought up. At thе samе timе, thе

ship bеgins to turn towards thе wеathеr'

Anchoring in water of 20 to 50 meters depth

Whеn anсhoring in watеr of 20 to 50 mrtrrs

dеpth, thе frее-fall anсhoring from thе сoсk-bill

position may сausе thе сablе to attain a dangеr-

ous spееd as it runs out, thе rеsult bеing a parting

ofthе еntirе сablе.

Thеrе is also risk that thе anсhor may fraсturе on

striking thе bottom at high spееd.

Тo prevеnt suсh hazards, walk baсk thе anсhor

into thе watеr until it rеaсhеs about 5 mеters

abovе thе bottom, thеn lеt go thе anсhor.

Aftеrwards, thе propеr brakе shоuld bе appliеd to

сontrol сablе ruшing out spееd, and stеmway of

thе ship should bе maintainеd within thе pеrmis-

siblе range. (Fig.3-9)

lu.
Г-

Fig3-9
Anсhогing in watеr of 20 tо 50 rr.rеtеrs dеpth
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Anсhoring in water of 50 meters or greater depth (Deep anсhoring)
Whеn anсhoring in watеr of 50 mеtеrs or greatеr depth' thе anоhor and thе amount of сablе intеndеd
for usе arе paid out by thе walk-baсk mеthod'

In largе ships' stеmway ovеr thе ground should not еxсееd 0.5 knot aftеr thе anсhor has bееn еmbеd-
dеd in thе bottom'

Тhis is bесausе if thе ship's stегnway is gтеatеr than thе walk out speеd of thе сable, parting the сable
or damagе to thе windlass may oссur duе to еxсеssivе strain on thе сablе. (Fig.3-l0)

o.G. Speed (Stern way) < шМ

Fig3-10 Anсhогing tn rr 'atег оf 50 mеtеrs or grеatеr dеpth (Dеер anсhогin.!])

Anсhor position

Whеn anсhoring is сomplеtеd, thе prесisе anсhor position should bе plottеd on thе сhart taking into
aссount thе distanсе from thе bow to thе navigation bridgе and thе amount оfсablе paid out.

Permjssible water depth for anсhoring

Pеrmissiblе watеr dеpth for anсhoring is not dеtеrminеd by thе total lеngth of еquippеd сablе, but bу
thе сapaсity of thе windlass.

Gеnеrally, a windlass has a lift сapaсity of 3 to 4 shaсklеs with an anсhor. Aссordingly, pеrmissiblе
watеr dеpth will bе in thе rangе bеtwееn 82 to 110 mеtеrs.

Тhе ratеd сapaсitу of a windlass must bе suffiсiеnt to hoist two shaсklеs of сablе at an avеragе ratе of
9 mеtеrs/min, with thе anсhor and 3 shaсklеs of сablе suspеndеd in watеr without touсhing thе bottom.
(Тhе rough сalсulation at this ratеd capacitу is that 3 minutеs is nееdеd to hoist onе shaсklе of сablе.)
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3.1 Anсhoring

Anсhoring Undеr Wind and Currеnt Еffесts

In an anсhoragе whеrе thе еffeоts оf wind andlor сurrеnt aIе strong, thеrе is risk of dragging anсhor

duе to еxсеssivе strain on thе сablе.

Thеrе also is risk of holding failurе of thе anсhoц as thе сablе is oftеn laid out mеandеringly along thе

bottom, whiсh hindеrs thе anсhor's ability to еmbеd and hold.

Whеn approaсhing thе anсhоragе, wеll-сhosеn landmarks, bеam rеfеrеnсеs and thе ship's spееd mеtеr

arе to bе usеd to rесkоn thе ship's movеmеnt' as thе prесisе spееd ovеr thе grоund is diffiсult to

сonfirm.

Approaching with head-to-wind/stream

Whеn riding to a singlе anсhoц thе approaсh is madе head-tо-wind or hеad-to-strеam, and then the anсhor is

lеt go.

To allow thе anсhor to еmbеd and hold, a lеngth of сablе morе than twiсе thе dерth of thе watеr should bе al-

lowеd at first to run out freely, aftеr whiсh a suffiсiеnt lеngth of сablе should bе paid out rrndеr brakr to prеvеnt

thе anоhor from bеing draggеd.

Approaching with wind or сurrent on the beam

Whеn approaсhing rvith wind or сurrеnt on thе bеam, suffiсiеnt spееd is rеquiтеd to maintain thе vеssеl's

prеdеtеrminеd traсk bесausе lееway or сurrеnt sеt inсrеasеs drastiсally as thе ship's Sprеd drсrrasеs.

Thе ship should stеm thе wind or оurrеnt just bеforе lеtting go thе anсhoц at whiсh timе preparation

for making bold altеration ofсoursе is nесеssary sinсе thе vеssrl rapidly losеs way.

Thе wеathеr anсhor should be lеt go with thе ship stoppеd, and as thе ship drifts downstrеam thе сablе

should bе paid out gradually (if nесеssary thе astеrn еnginе may bе usеd) in suсh a way as to kееp the

ship hеad-to-wind or hеad-to-strеam.

Approaching with wind or сurrent on the stern

Anсhoring with wind or сurrеnt on thе stеrn should bе avoidеd bесausе сontrоl оf hеadway is difftсult

and thе сablе may bе subjесtеd to an еxсrssivе strain.

If thеrе is no othеr altеrnativе' thеn mаkе thе approaсh with hеadway as slow as possible, and lеt go thе

turning sidе anсhоrjust bеforе thе loсation ofthе anсhoragе.
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Swing Motiоns and Dragging Anсhor

A ship at anсhor will swing around thе anсhorеd position in thе wind, dтawing a figurе-еight, as shown

in Fig.3-11.

Subsеquеnt tо hеad-to-wind position at thе ехtrеmе еnd of thе

windward (Fig3-lr o,o), thе ship bеgins to bе swеpt away

baсkward. Whеn thr ship's forе-and-aft linе is in line with

thе сablе dirесtion or a littlе aftеr (Fig.3-11o,@), maxi-

mum tеnsion is еxеrtеd on thе сablе.

Dragging anсhor will oсоur whеn thе anchor losеs its grip on

thе boffom and starts sliding ovеr thе bottom, a rеsult of im-

pulsе forсе еxсеeding thе anсhor's holding powеr.

To сontrol swing motion, the following measures are taken:

1. Deepen ship's draft by ba||asting to reduсe wind-affесtеd area

2. Adjust ship's trim by-the-head while keeping the propeller

under water

3. Use a swing-сheсk anсhor with another anсhor, |owеring it

to one-and-half deoths of Water on its сable

For PССs or LNG сarтiеrs with largе wind-affесtеd arеas,

risk of dтagging anсhor is said to bе high at thе following

wind spееds:

15 m/s whеn lying at a singlе anсhor, 20 rn|s whеn a swing-

сhесk anсhor is droppеd, and 25 m,/s еvеn whеn thе ship is

lying at two anоhors.

Anсhor Watсh

Fig.3-11 Swing motion in wind

Pеrsonnеl on anсhor watсh shоuld pay striсt attеntion to suddеn сhanges ofwеathец signs ofdragging

anсhoц signs of сablе fouling and dangеrous bеhaviоr of othеr ships in thе viсinity, and thе mastrr

should immеdiatеly bе irrformеd whеn anything unusual is obsеrvеd.

Whеn thе mastеr dеtесts signs of dragging anоhoц thе following оountеr mrasurеs arе takеn (dеpеnd-

ing on thе situation):

. Letting go the swing-сheсk anсhor

. Paying out an extra length of the сable

. Keeping the ship's hеad to the wind and easing сabIe tension using the main engine and ruddеr, or bow

thruster.

Wind+
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3.1 Anсhoring

othеr mеasшеs' suсh as shifting anсhoragе or drifting offshore also should bе сonsidеred.

Mеthods of dеtесting anсhor dragging arе as follows:

. Checking the ship,s position by rаdar or other instruments

. Checking the сourse reсorder
о Cheсking the ship's swing behavior
. Cheсking tightening sequenсes of the сab|e
. Cheсking the indiсator of the Dopp|er |og

Thе following phеnomеna сan bе rеgardеd as еarly signs of thе anсhor bеing draggеd:

. the сourse reсorder indiсates a distorted сurve

instead of a regu|ar sine сurve
. the periodical swing motion of the hull is stopped,

and the ship is gradually swept down with wind

on one side of the hull (Fig.3-12)
o the Dopp|er log indiсates the ship is moving in a

сertain direсtion at a rate of one knot or more

over the ground

о the cable remains taut at a|l times
. abnormal vibration is felt on the hull
. the re|ative positions of other ships in the viсinity

сhange markedly

As statеd abovе, thе most important thing is еarly

dеtесtion of dragging anсhor whеn lying at аnсhor

in a salе.

тrajeсtory of anоhor
Тrajeсtory of the ship.s
сenter of gravity
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Wind+

Fig.3.12 Draggingаnсhor
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Sighting anсhor

In a rivеr or an еstuary thе boffom is usually сovrrеd with a thiсk layеr of silt or soft mud, and somе-

timеs it may bе diffiсult to wеigh anсhor aftеr it has bееn buriеd dееp in mud for an еxtеndеd pеriod.

Whеn a ship is obligеd to |aу at anсhor in suсh an anсhoragе for a long pеriоd, thе anсhor should bе

hovе up and lеt go again evеryday or сouplе of days to prrvеnt it frоm gеtting stuсk'

Slipping anоhor

In an еmеrgеnсy, thе ship may bе obligеd to slip the сablе or сablеs and proсeеd to sеa.

Whеn slipping a сablе, thе еnd should bе buoyеd to еnablе it and thе anсhor to bе rеоovеrеd, and thе

wirе ropе buoy pеndant usеd should be of suffiсiеnt strеngth to rесovеr thе сablе.

\Меighing Anсhor

Prеparations for wеighing anсhor аrе thе samе proсеdurеs for anсhoring.

. Preparation of pumping is required for washing the anсhor and сable.
о Heaving in the сab|e is сommenсed by the master's order.
. When the сable is taut due to wind and сurrent, or when an exсessive strain is exerted on the сab|e,

main engine or bow thruster is used to ease tension on the сabIe.
о Тhe brake is applied when the anсhor is fina||y hove up into the hawse pipe, and the сable ho|der is

disengaged. Тhe stopper is set after сonfirming it is no longer bearing the anсhor.s load.
о After the foreсast|e-station is dismissed, anсhor |ashings shouId be seсured firmly as these are very

important in preventing the anсhor and сable from running out to the bitter end in stormy seas.
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3.1 Anсhoring 3.2 Bеtthing
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. . . . . :::

Gеnеral

In haтbors and ports whеrе manеuvегing arеas arе сonfinеd and shalloщ thеrе arе many navigational

rеstriсiions. Thеrеforе' ship opегators arе rеquirеd to manеuvеr thеir vеssеls in aссordanсе with prе-

vailing еnvironmеntal соnditions. Additionally' whеn еntеring and lеaving port also involvеs bеrthing

and unbеrthing opеrations, ship handling is not еasy. This diftiсulty is duе to thе problеm of dirесtional

сontrol and сouтsе-kееping, a diтесt тesult ofpoor stееrability at low spееd and thе influrnсe ofwind

and сurrеnt. Undет suсh сiтсumstаnсеs' ship оpеrators aro rеquirеd to usе assistanсе in ship handling,

assistanсе suсh as thе usе оf tugs whеn nесеssary in сonjunсtion with thеir own full undеrstanding of

ship manеuvеrability, inсluding usе of ruddеr dеflесtion to сhесk Уaw at low spееd, and thе stopping

powеr of various rеvеrsе еnginе sеttirrgs.

Assistanсе by Tugs

1. Types of tug

Tugs arе сlassifiеd by propulsion typе aS follows:

о Voith-Sсhneider Propel|er (VSP type)
o Contro|Iable Pitсh Prope||er (CPP type)
. Azimuthing Drive Propeller (Z type)

In Japan, thе Azimuthing Drivе Pтopеllеr Tуpe (Z typе) is thе prеdominant tug.

Suсh tugs arе еquippеd with two stееrablе propulsion units that rеvolvе 360 dеgrееs.

By сontrolling both thе dirесtion and rеvolutions ofthе propеllеrs, tug assistanсе for ship handling is

availablе in all dirесtions and with varying thrust'

A Gцide to Ship Hаndlin" 
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Fig.3.13 VSP tуpе propulsiоn

Fig.3-14 CPР type pтоpulsion Fig.3-15 Z type propulsion
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2. Тowing force of a tug

Whеn a fug is built, its towing forсе is mеasurеd
by a pulling tеst as shown in Fig.3-16, whеrе thе
fug's strеngth of pull on thе bollard is dеtеrminеd.
Thе valuе for bollard pull (towing forсе) variеs
with thе typе of main еnginе and propulsion sys-
tеm. Thе bollard pull of a Z tуpe tug is said to bе
approхimatеly 1.5 tons ahеad and 1.4 tons astеm
pеr 100 BHP of thе tug.
Thе bollard pull of a VSP t1pе tug is said to Ье
approхimatеly l.0 ton ahеad and 0.7 ton astеrn
pеr l00 BHP of thе fug.

Fig.3-1б Mеasurеmеnt оf towing forсe (boliard pull)

Howеvец thе towing forсе of a tug will dесrеasе whеn: 50

o the ship being assisted is making headway
othe tug,s disсharge сurrent impaсts against
the ship's underwater hull

.the tug and the shiр are being osсil lated by
seas and swells

| 2000 3000
BHP of tug 1вs;

Fig.3.17 Bollaгd pull vеrsus BHP of tugs

Partiсularly, whеn thе ship assistеd is making hеadway, thе inсrеasе in thr tug,s powеr сonsumption
for latеral motion mеans that effесtivе towing forсе is rеduсed sharply as ship spееd inсrеasеs (Sее
Fig.3-r8). As thе ship gains hеadway and its spееd inсrеasеS, it will inсrеasingly drag thе tug, rvеn
to thе point whеrе thе tug, bесausе of its posturе, is in dangеr of hееling ovеr.
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(onе-knоt hеadwaу = l00)

Тugboat
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3. Use of tugs

Thе usе oftugs is dесidеd in aссordanсе with ship han-

dling rеquirеmеnts, suсh as сontrolling a towеd ship's

spееd, latеral motion and yaw-ratе.

(1) Latera| motion сontro|

In pulling-out opеrations, thе tug's paid-out ropе lеngth

is rесkonеd ranging from 2.0 to 2.5 timеs thе fug's

lеngth (L). (Fig.3-19)

As thе towеd ship's sizе inсrеasеs, thе lеngth of ropе

inоrеasеs.

Fig.3.19 Standaгd length оf towin.t 1inе

Fig.3-20 shows thе alТangеmrnt for assistanсе in latеral motion сontrol by onе tug.

It is сommon to usе this arrangеmеnt in сombination with a bow thrustеr or with an anсhor.

Fig.3-21 shows thе arrangеmrnt for assistanсе in latеral motion сontrol by two tugs.

Т] =*n
I ls t  I

*LJ *J
Ф
=

Fig.3.20 Assistarrсе in latсгаl rnсltion
сontгol b1 сrrlе tug

(2) Pivoting motion сontro|

Fig.3-22 shows thе aшangеmеnt for assistanсе in

pivoting motion сontrol.

Rеgarding tug opеrations, еithеr thе pushing or

pulling mеthod is usеd.

Thе pulling mеthod is nееdеd for broad Sеa room;

this mеthod suffеrs from a dесrеasе in towing

forсе duе to thе impaсt of disсhargе сuшеnt' but

allows flеxiblе usе of tus.

Fig.3-21 Assistanсе in latегal motiоrr
сontl-ol bу two tugs

LJ
Fig.3.22 Assistanсе in pivoting mоtion соntrol bу onе tlг two tugs
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Whеn a tug tows or pushеs thе stеrn of a ship, thе ship's pivot point wi1l bе aft оГ thе borr.. aboцt onе-

third thе ship lеngth. (Fig.3-23, Fig.3-24) Whеn thе bоw is towеd or pushеd, thе pir'оt point lr ill bе for.

ward of thе stеrn about onе-thiгd thе ship lеngth.

Pivot point

Fig.3-23
Pоint оl .aсt jо l l  о1.tt-t 'g l lnс] рi\  Ot ]]tr] l l t  .) i  'h in

As thе point of aсtion C еxеrtеd bу thе

tug shifts сlosеr to thе ship's сеntеr of

gravity G, thе pivot point P will shift

farthеr from thе оеntеr of sтavitу G.
(Fig.3-2s)

Сonsеquеntly, tuming in a short round

rеquirеs a сirсular manеuvеring arеa with

a radius grеatеr than GP + |/2L, with thе

furning сrntеr at thе pivot point P.

As shown in Fig.3-26, thе farthеr thе

point of aсtion from thе сеntеr of gravi.

ty, thе smallеr thе turning radius.

G

Fig.3-25
Сhаngе оГ рlr ' l l t  1 lq l  

j111 . , '  ; :h сh;tngе ln роrr l t  оf aсt iоrr

Fig.3-24
Ship rrndеr pir'otirig rnсхiоn

Fig.3-26
гadius ъ'ith сhan.qе in рoint of aсtiоn

P: Pivot point
G: Center of gravity
C: Point of aсtiоn
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Fig.3-27 shows thе trajесtoriеs of a ship undеr onе-knot hеadway making a 90-dеgтее tum with thе as.
sistanсе of a fug pushing abеam еithеr thе bow or thе stеrn оf thе ship.
As shown in thе figurе, it is known that pushing abеam of thе ship сausrs a rеlativеly largе kiоk-out.
At thе samе timе' howеvец it еnablеs thе ship to fum in a smaller manеuvеring arca thanif the ship
wеrе pushеd abеam thе bow.

%rE Fis.3-27
Cоmparison оf 90-dеgrее tumiлg trajесtоries when bоw o' м"- ь.иg-puйo

Whеn a fug assists thе pivоting of a ship in сonditions of strong wind and сurrrnt, towing thе bow in
thе dirесtion of thе wind аnd сurrеnt rеquirеs a broad manеuvеring arеa duе to the ship's inсrеasеd
rangе of mоtion. on thе othеr hand, towing thе stеrn against thе wind and сurrеnt is еffесtivе for pivot-
ing in a smallеr arеa. Thе ship will be in motion сlosе to turning in a short round. (Fig.3-28)

Fis-}2S
l ug asslstanсе in pivоtjng motion undег wiпd аrl сrшfl

Thеrеforе, сlosе affеntion should bе paid to ship hаndling in mаneuvеring areas with stгong wiods and
сrгrrnts.

Ar-*L-t iGD
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(3) Requirеd towing forсe in berthing operations

Fig.3-29 shows thе rеquirеd towing forсе on

bеrthing opеration rеlativе to ship stze, para-

mеtrizing water dеpth (H) to draft (d) ratios,

(}Vd). In thе figurе, thе rеquirеd towing forсе

is shown vеrtiсally, and vеssеl displaсеmеnt

tonnagе horizontally'

It should bе notеd that thе rеquirеd towing

forсе inсrеasеs as displaсеmеnt tonnagr grows

largеr and watеr dеpth to draft ratio (H/d) bе-

сomеs smallеr.

---)- lнloо.0

Thе numbеr of tugs and thе

сonditions:

о сondition of the berth
. ship size
o ship handl ing method

o Weather сondit ions

o most important|y, Wind ve|oсity and сurrent set, as

wе|I as water depth to ship's drаft ratio (H/d).

In somе harbоr arеas, thе сritеria for using tugs arr

laid down as shown in TabIе 3-1.

240

D.W. ton (unit lo,ooo tons)

Fig.3-29
Rеquirеd tug towing fоrсе whеn bеrthing

150Т+. 200T->-1..,,,..
-__ё- ll/d 1.5 -__ё-

powеt nrсеSsary for bеrthing opеrations arе dеpеndеnt on thе following

Тokyo Bay Pilot Assoсiаtion (for referenсe)

т 200
9

a 160

o 1)n
())
.с 80
=
Е40

Bц|ker

vLсс ':,:3
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3.2 Bеrthing

(a) Safe handling of towropes

Slipping off or parting of towropеs will rеsult in sеrious aссidеnts.
In somе сasеs, ship bitts to whiсh towropes arе madе fast laсk suffiоient strеngth; it is nесеssary to сhесk thе
safe working load of bitts.

To prеvеnt damagе to a towтope, it shоuld bе madе fast to thе innеr bitts as far as сonditiоns pеrmit, as
shown in Fig.3-31.

Sуnthеtiс fibеr ropе has high rеsistanсе to сhafing over flat surfaсеs, but poor rеsistanсе against sharp еdgеs
and sidеslips.

Duе to malfunсtions and rusty, rough surfaоеs of rollеrs and fairlеads, оhafing сan сausе ropes to part.
For this rеason, it is еssеntial to maintain ship-mooring еquipmеnt in good сondition.
For еxamplе, thе rusty surfaсеs of fairlеads must bе sсrapеd and smoothеd, shafts must be rе-adjustеd, and
rollеrs gтеasеd.

If ropеs arе bеnt or strеtсhеd ovеr sharp angles or сomlrs' or if thеy оomе into сontaсt with thе ship's hand-
rails, сhafing against sharp еdgеs or сorners may сausе thr ropе to part' as shown in Fig.3-32.

Fig.3.31 Taking tow ropе to bitts Fig.3.32 Ropе in сontaсt with sharp edge

For opеrational safеty, a hеaving linе should bе usеd with thе сolTесt фpе оf monkey fist.
Nеvеr substitutе a shaсklе for a moйеy fist.

It is an unfortunatе faсt that towropеs or mooring lines in use will somеtimes part for unforesееn
reasons.

Partеd linеs сan еasily сausе injuriеs and fatalitiеs.

Тhеrеforе, kееp pеrsonnеl from working or standing by on thе rxtеnsion linеs oftеnsiоnеd ropеs.
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Bеrthing and Mоoring
Berthing alongside a whаrf

1. Speed of approach

In thе handling ofbеrthing ships, it is vеry important to сontrol the ship's approaоh spееd, as well as dirесtional
сontrol. As a ship approaсhеs its objeсtive loсation, its hеadway should gradually bе rеduсеd, and hull inertia
should bе stoppеd at thе predеtеrmined point. on the assumption that thе ship сan еmploy brеaking powеr
through thе usе of Dеad Slow Astеrn enginе, guidelinеs for spееd reduсtion sоhemes for LNG сarriеrs, PCCs
and сontainеr ships arе shown in Fig.3-33. Thе samе guidеlinеs for VLCCs arе also shown in Fig.3-34.

1010

8
|л

э6
т'
3ц
Ф
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8
Ф

E6
о
Eц
a
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0 500 1000 rs00 2000 2500 3000 0
Distanсe (m)

Fig.3.33 Speed rеduсtion sсhеmеs for LNGs, PСCs,
and Containеr ships

1 500 з000 4500 6000 7500 9000
Distanсe (m)

Fig.3-34 Spееd rеduсtion sсhеmеs for VLCСs

2. Approaсhing a wharf

To prеvеnt damage to thе wharf and fendеrs, a|arge-size ship should rеduсе its headway to zero somеwhеrе at
a distanое of onе ship lеngth or ship brеadth from the wharf, and then move |ateral|у, bеrthing with thе ship's
hеading kеpt parallеl to thе wharf. Wharfs and shore-basеd moor-
ing fасilitiеs arе usually dеsignеd assuming a berthing vеloсity of З0o
15 сm/sес. Aсtual bеrthing vеloсitiеs arе muсh lowец howеvе., Е
and should not ехсееd 10 сm/sес for ordinary-sizе shiрs, and 5 $ zoo
сm/sес for largе-sizе ships. Fеndеrs absorb the berthing еnеrgy of Ё
the ship. Thеir purpose is to prevent damagе to hull and wharf. -? loo
Whеn berthing with a ship,s heading nearly parallеl to thе wharf, €
thе еnеrgy of thе ship against thе mooring faсilitiеs will inсrеase m

in proportion to displaсemеnt tonnage and thе squarе of thе ship's 0

approaоh vеloсity, whiсh сaл be wтitten as:
Fig.3.35 Bеrthing еnеIgy Vеrsus bеrthing vеloсity

Thе valuе of сoеffiсiеnt С сhanges сonsiderably with thе typе of
ship, watеr dеpth and othеr faсtors. Fig.3-35 shows thе сalсula-
tеd rеsults of bеrthing enеrgy on raсh ship type, whеrе it is
known that thе bеrthing еnеrgy of a VLСС inсrеasеs sharply
whеn thе bеrthing vеloсity exсееds 6 сm/sес.

Е=+.A. u,..
Е : Berthing energy (ton . m)
W: Disp|aсement tonnage (ton)
V : вerthing ve|oсity (m/seс)
g : 9'8m/seс, C: Coeffiсient
Berthing speed < 8-10оm/seо (genera|Iy)

4 6 S ia '12
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3.2 Bеrthing

3. Posit ioning of ship on berthing operations

Whеn a PCC with a short parallеl body is bеrthing as shown in Fig.3-36, thе ship's bоw or stеrn has oссaslon-

ally сomе in сontaсt with сomеrs of thе wharf, сar-stopprls or bitts.

TЫs сontaсt is duе to a dirесtional diffеrеnсе bеtwееn forе-and-aft linе of thе ship and thе faсе linе of thе wharf.
Thе rangе of сritiсal positioning, wherеin a par1 of thе hull is not in сontaсt with thе wharf, is dеtеrminеd by
thе wharf faсе line and thе angular dеviation оf thе ship's hеading fiom that wharfllinе. (Fig.3-37 right)

Thе lеft sidе of Fig.3-37 shows thе

pеrmissiblе amount of ovеrhang R

vеrsus thе angular dеviation from thе

wharf linе (t on a PСC.

From thе figurе' thе сritiсal angular

dеviation сoпеsponding to thе amount

of ovеrhang сan bе found.

In thе plottеd сasе, whеn thе pеrmissi-

blе amount of ovеrhang is 3 mеtеrs,

thе сritiсal angular dеviation of thе

stеrn is 2.3 desrеes.

Fender
Water level

Fig.3-36
Cгit iсal  рosit ioning o1.a PСС

Overhang (R)

i--j
i l

Т*l
ti

Hul l

1234

Angular deviation, a"
Fig.3-37

vеl.sus aп]oullt of ovегhangPегlniss ibIe lngt l lаr dеr i l t iоn

A Guide to ship наnd,ins l 063
I



f f i ! f i  l l r - f lat UUt J l l lP пarrцlI l tк

Mooring

'1 . Mooring arrangement

Moоring linеs сontrol a ship's motion and makе thе ship fast to а fixеd position.
Fig.3-38 shows a fundamental mooring arrangеmеnt. Hеadlinеs and stеrn linеs arе usеd to сontrоl srrrgе' sway
andyaw. Spring linеs сontrol drift.
Morеovец sinсе it is dеsirablе that еaсh linе bе еxtеndеd as far as possible, it is nесеssary that attеntiоn bе paid
during berthing operatiоns to insurе thеsе maximum lengths.
In a wharf whеrе affangеmеnt of longеr mooring linеs is not possiblе, additional linеs should bе dеployеd as
nесеssary.

2. Mooring forсe of mooring |ines

As shown in Fig.3-39' mooring foгсе is thе horizontal сomponеnt, T.сosd, of tеnsion neеdеd to withstand thе

motion of a ship еxеrtеd by еxtеmal forсеs on thе hull. Aссordingly, as shown in Fig.3-40, thе horizontal

mooring forсе is rеsolvеd as follows:

.mooring forсе on thе forе-аnd-aft dirесtion Tx:

.mooring forсе on thе transvеrsе dirесtion Ty:

Tx=T.cosd.сosc
Тy=T.сosd.s inф
, : angle of elevation of the mooring line

ф : horizontа| ang|e to the faсe Iine of wharf

Fig.3-39 Dеfinitiоn of moоring forсе

064 l A Guide to shiр наnd|ing

Fig.3.40 Hoгizontal moоring forсе vесtоr



3.2 Berthing

Thе sum of еaсh mooring forсе, on thе forе-aud-aft and transvrrse diтесtion, is thr rеsultаnt mooring
forсе.
Critiсal mooring forсе to сope with all exteпral forсеs is dеtеrminеd by the оondition that eaсh сompo-
nеnt of exteпral forсе should not еxсeеd thе сorrеsponding сomponrnt of the sum of еaсh mooring
forсе.
on thе other hand, сritiсal mooring forсе is dеtеrminеd in rеlation to thе strenф of mooring rоpе or
thе brеaking powеr of thе mоoгing winсh.
That is, the load of еaсh mooring line to withsиnd thе ехtеrnal forсе on thе hull should always be

within thе range of thе safе working load of thе linе or brеaking powеr of еaсh mooring winсh:

Еxtегnal forсе on hull < 60 % of Мinimum Breaking Load (МBL) of mooring linе
or

Еxtеrnаl forсе on hullS Brеaking powеr of mooring winсh

The smallеr value of eithег of the abovе opposing forсеs bесomes the сrifiсal mooring forсе.
Assuming a ship frее from еxtеrnal forсrs suсh аs wind and сr.rrrеnt as moorеd shown in Fig.3-38, a
сalсulated ехamplе оf mooring forсе on thе transvеrsе dirесtion is shown in Tablе 3-2.
The linе pull of winсhеs is assumed to Ьe 25 tons, and all mooring lines, 14 linеs in this сasе, arе

rqually pre-tеnsionеd.

The total mooring forсе on thе tгavеrsе dirесtion is approximately 128 tons, and thе mooring foгсе of

еaсh line is within the range ofthе sеttled line pull of thе mooring winсh.

Tablе 3.2 Calсulatеd example of number of mooring lines and mooring foгсе on tansvегse dirесtion

A Guide to shiп нandlins 
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3. shift of a ship under wind effeсts

Whеn a wind of l0 m/s is blowing off thе wharf, thе amount of shift of a PСC is simulatеd undеr vari
ous mooring сonditions:

(1) Thе ship has bееn shiftеd |atera|\у l.6 mеtеrs undеr thе moorins сondition shown in Fig.3.38 with еaсh
moоring linе of 70 mmф arrangеd in pairs, 12 linеs in total.

(2) Whеn onе additional linе is dеployеd on еaсh mooring point, еxсеpt on thе tЪnr.ald and aft spring linеs, thе
ship has bееn shiftеd latеrally 1 .2 mеtеrs, thе rеstraining еffесt of thе additional liтrеs bеing on1y 40 сm.

(3) Whеn wirе ropеs of 40 mm Ф arе madе fast to storm bitts as additiоnal linеs as shorr.n in Fig.3-41, thе ship
has bееn shiftеd latеrally only 5 сm, and thе еffесtivеnеss of storm biпs mooгing is сlеarly dеmonstratеd.

In this сasе, еaсh additional linе should bе as pеrpеndiсulaг as possiblе to Ihе sltip's forе-and-aft linе, and
thе linеs bе еxtеndеd as far as possiblе from thе edgе of thе wharf.

Howеvеr, whеn wind vеloсity еxсееds l5 m/s, additional linеs madе of sr.nthеtiс matегials will losе thеir
rеstraining powеr, and thе ship will suffеr a largе latеral shift.

Somе Tankеr tеrminals undеr strong wind and/or сurтrnt еquip Stoгm wiIе and п-inсh as shown :rг'Еig3-42.
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4. Mooring lines
Thе numbеrs' typеs' lеngths, diamеtеrs, and brеaking loads of mooring linеs with whiсh a ship should
bе еquippеd arе stipulatеd in thе Еquipmеnt Numbеr.
Commonly, ships arе еquippеd with morе mooring linеs than thе Еquipmеnt Numbеr rеquirеs.
Synthеtiс fibеr ropеs arе madе of various matеrials, suсh as nylon, polyеstеr and polypropylеnе.
High pеrformanсе fibеr ropеs arе now somеtimеs usеd fоr mooring linеs. The fibеr matеrials usеd in
thеsе ropеs arе muсh strongеr and also stiffеr than оonvеntional ropе-making fibеrs.
Bесausе they arе muсh stiffеr, ropеs madе of this nеrv сlass of fibеrs arе сallеd high-mоdulus fibеr
ropеs. Thеsе high-modulus fibеr ropеs arе almost as strong as wirе ropеs of thе samе sizе, and thеу arе
also almоst as stiff. Whilе thе propеrtiеs of sуnthеtiс fibеr ropе makе it highly rеsistant to сhafing ovеr
flat surfaсеs, it has poor rеsistanсе to сhafing ovеr sharp еdgеs and sidеslips.
It also dеtеrioratеs undеr еxposurе to ultra-violеt rays.
Bесausе thе еxtеnt of dеtеrioration in strеngth of mooring linrs variеs with сyсlеs and duration of usе,
it is nrсеssary to сhесk thе сondition of mooring linеs daily. Wirе ropеs (or high-modulus fibеr ropеs)
arе usеd to moor tankеrs and LNG сarriеrs in ordеr to avoid damage to loading arms; synthеtiс fibеr
ropos arr usеd to moоr ships of оthеr фpеs'
Dеploying additional linеs for miхеd mooring, thе сombination of full-lеngth synthеtiс ropеs and wirеs
should bе avoidеd.

5. operational preсaution of mooring

Mixed mooring 1п.igз-a3)

Load of rope

47т
2т
1Т

1Т
2т

47т

Steel wire rope

Polypropylene rope

Nylon rope

100Т Е@>

Fig.3-43 Еffесt оf mоoring matеrial
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Mixed mooring 1гigз-aa)

Loаd of rope

25Тl-100m

Load of short rope > Ioad of long rope

soTl-som
25т}-100m

Thеrefore two or more lines lеadins in the sаmе dirесtion

Fig.3-44
Еffесt of length of moorings

( sаmе sizеlsamе materials)

shorrld, as faг as pоssible, Ь of the samе length.

Key numbers for mooring lines

11m: Lэnфh of tai| rope (Fig3-as)

60o/o:

18 months:

12 wires:

4-4-2=

MBL of ТaiI rope + MвL of Mooring wire}125o/o
(MBL meаns MBL of eaсh material before making eyes and sp|iсes.)
MBL: Мinimum Breaking Load

Brake сapaсity of Winсh + MBL of Mooring lines = 60%

Tail rope should be renewed every 18 months.
otherwise every tai| rope should be inspeсted and сertified by manufaсturer regularly'

Rаs Таrrurаh port regulations require more than 12 wire moodnщ for mooring at the sea berh.

4 head/stem lines-4 breast lines-2 spring Iines

125o/"=

Tail rope (Syпthetiс rope)
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GеnеraI

Whеn navigating in sеvеrе following and quar1еring Sеas. a stшp is lftеh то еnсountеr various kinds of
dangеrous phеnomеna, whiсh may lеad to сapsizing. Wе shоuld. thеrеtЪrе. possеSs thе fundamеntal
skills for safе ship handling in following and quar1еring Sеas tс) аr оid suсh dаngеr.
With thе samе objесtivе, thе IМo has releasеd Guidanсе to thе \Iзstеr ti-.r -\'oiding Dangеrous Sifua-
tions in Following and Quartеring Sеas. In this sесtion. lr е bеsin r-".ith а basiс stшdy of vеssеl stabiliф
and thе fundamеntal propеrtiеs of wavеs, and thеn mo\'е on тt-i .f,еsсгibе рhеnomеna that posе a dangеr
to ships and providе оpеrational guidanое for dеalin's rr ith thепr.

Stability of Ships

Trаnsverse StаbiIity

1) Righting momеnt

A ship {loating at rеst is in a statе of statiс еquiliЬгium: that is. thе gтavitational forсеs aсting on thе
сеntеr ofgravitу G, and thе buoyanсy aсtin-s on thе сеntег ofbuoyanсy B bеing еqual and aсting in
linе with onе anothеr. Thе position of сеntеr of gтaliп. G rгill remain fixеd whеn thе ship is hееlеd.
Thе сеntеr of buoyanсy B is thе gеomеtгiс сеntеr of thе undеrwatеr part of thе ship in still watеr.
Whеn thе ship is hееlrd by somе еxtеrnai forсе. it ц-il1 mor-е to a position Bl in thе сеntеr of thе
submеrgеd volumе of thе ship. Thе forсеs of rr.еisht and buoyanсy arе еaсh еqual to thе ship's dis-
plaсеmеnt W, and aсt vеt1iсally in opposite dirесtions' As shown in Fig.4-1, thе forсе of buoyanсy
aсting upwards through Bt whеn thе ship is hееlеd u.ill produое a momеnt tеnding to right thе ship,
and this momеnt is сaiсulatеd by multiplyin.t thе displaсеment W by thе righting lеvеr GZ, whiсh
is thе horizontal distanсе bеtwееn thе forсеs ofв.еight and buoyanсy.
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4.1 Ship Handiing in гo]Iotvii and Quartеrirц Sеas

2) Transvеrsе mrtaсentеr and transvеrsе metасеntriс hеight

In most ships, for small ang1еs оf hееl of up to about l0 dеgrееs, thе linе of aсtion of thе forсе of
buoyanсy Br will intеrseсt thе middiе linе of thе ship at a fixеd point M (Fig.a-l)' Thе point M is
сallеd thе transvrrsе mеtaсеntеr' Тhе span bеtwееn thе mеtaсеntеr M and thе сеntеr of gravity G,
GM, is сallеd thе mеtaсеntгiс hеight; it givеs a mеasurе of thе initial stability of thе ship, i.е. its sta-
bility at small anglеs of hееl. Тhе gгеatеr thе mеtaсеntriс hеight, (i.е. thе lowеr thе position of G),
thе grеatеr thе stabi1itу. In Fig.-l-l, thе anglе0 is еqual to thе anglе of hееl, and thе righting lеvеr
GZ is еqual to GМ.sin0 {pror-idеd that 0 is small and GM is positivе [G is bеlow М]). If thе mеt.
aсеntriс hеight is knorr.n. thе rrghtrng momеnt сan bе found by multiplying thе righting lеvеr GZ by
thе ship's displaсеmеnt W:

Right ing moment =W 'GZ = W'GM .s in0

B:

M:

Center of buyanсy
Center of gravity
Metaсenter (Transverse)

Thе hеight of thе transvеrsе mеtaсеntеr abovе thе сеntеr of buoyanсу S1.l is indiсatеdby thе fol-
lowing fonnula:

i : : . . :  - B: breadth d: draft k: сoeffiсient

A ship with a largе transvеrsе mеtaсеntriс hеight will ro1l with a shotl' rapid motion; suсh a ship is
said to bе stiff. A ship with a small transvеrsе mеtaсentriс hеight will ro1l with a long, slow motion;
suсh a ship is said to bе tеndеr.

Transvеrsе stabiiity is a vеry important faсtor

whеn it сomеs to safе navigation in hеavy

sеas; wе rеfеr to it oftеn in this сhaptеr.

k#

Status

stiff

Тender

Transverse
lltetacenter

,, .:Largg

.. .9ьqrt . l

Rolling

,Rgpi{

..Sltiф..

Тransvеrsе mеtaсenter and mеtасеntliс height
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!@fiщ Ship Handling inWavеs

Longitudinal Stabil ity

Thе longitudinal mеtaсеntеr Ml of a ship is
found in a mannеr similar to that usеd to find thе

transvеrsе mеtaсеntеr.

Fig.4-2 shows a ship tiрpеd forward by somе еx-

tеrnal forсе; thе longifudinal сеntеr of buoyanсy
B has movеd forward to Br. Thus a longitudinal

righting momеnt W.Gz is produсеd; whеrе W is

thе displaсеmеnt of thе ship and GZ is thе lеngth

оf thе lоngiшdinal righting lеvеr. Thе longitudinal

mеtaсеntriс hеight GMr- is givеn vеry roughly as

follows:
Fig.J-2 Longitudinа| mеtасеntеr

сenter of buoyanсy
Center of gravity
Metaсenter (Longrtuo]1a

GMI 
-- 

L L: ship length

It is sееn that thе ship is far stiffеr longitudinally than transvеrsеlr.. Тhis r..lаtrоnship wi1l bе usеd whеn

сonsidеring thе nafural pitсhing pеriod of a ship.

l l " ._. 
]" '  ,

. l
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4.l Shlp Hanсlling in Following ar.rd Quaгtегing Seas

Siх Frееdoms of Motiоn in a Sеawav

Thе motions of a ship сan bе split into thrеe mutually pеlpеndiсular translations of thе сеntеr of gravity

G and thrее rotations around G:

Three translations of the ship.s сenter of gravity G in the direсtion of the X., Y- and Z-axes:
. surgе in thе longiшdinal X-dirесtion, positivе forward
. sway in thе lateral Y-dirесtion, positivе to starboard sidе
. hеavе in thе vеrtiсal Z-dirесtion' positivе downward

Тhree rotations about these аxes:
. roll about thе X-aхis, positivе right шming
. pitсh about thе Y-axis, positivе bow up motion
о yaw about thе Z-axis, positivе right tuming

Thеsе dеfinitions arе shown in Fig.4-3.

Хr

-:.. --''i
":'........-r--/*
Suщё

Yr

XXt: Fore and after ro|ling aхis

Wl: Athwartships pitсhing axis

ZZt: Verlical yawing axis

.{i{;

Fig.4-3 Siх fiееdоn.rs о1.rтоtion

;
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!ftfisf, Ship Handling inwaves

Basiс Еlеments of Rеgular Wavеs
l) Dеfining a harmoniс wavе

Fig.4-4 (a) and Fig.4-4 (b) dеpiсt harmoniс Wavеs' ( , from two diffеrеnt pеrspесti\'еs:

. Fig.4-4 (a) shows thе wavе profilе (with wavе amplitudе, o, and

wavе lеngth' ,\ ) as a funсtion of distanсе at a fixеd instant in timе.
. Big,4-4 (b) shоws timе rесord of thе wave profilе (with wavе ampli-

tudе, €l, and wavе frеquenсy, ar) obsеrvеd at onе loсation.

H : Wave height
,l : Wavelength
Тw : Wave рriоd
Cw : Wave propagation speed

(Phase veloсity)
a : Wave amplitude (H=24)
Crest : Highest point of wave
Troщh : Lowest рint of wave
( : Shарeofwave

Fig.4-4 (a)
H.:т :i.niс rr ar'е dеfi nitions

Fis.a.4 Ф)
Н;:пl..niс rr.avе dеfi nitions

From the abovе, basiс dеfinitions of a harmoniс Wavе сan be givеn:

. A wavе's highеst point is the сrеst and lowеst surfaсe point is the trough
о 3 l Wavе amplifudе (thе distanсе from thе still watеr lеvеl to thе сrеst. or to thе trough)
. H : W.avе hеight (H:2a; twiсе amplitudе)
о ,i. : Vy'avеlength (horizontal distanсе bеtwееn any two suссеssivе war'е сrеsts)
. Tw : Wavе pеriod (thе samе distanсе as wavеlеngth along thе timе axis ) ( sее Fig.4-4-b)
о Cw: Wavе propagation spееd or phasе vеloсiф (,\ /Tw; vеlосity at rvЫсh thе wavе prоfilе

undеrgoes a сompletе 360.degrее сyсlе or phasе оhangе)
. k : Wavе numbеr (k:2пl I (rad./s))
. al : Cirсularwavе frеquеnсy (сls:2пПw (rad./s))
. 0 : Vy'avе Strеpnеss (d :H/ 

^ 
; ratio of wavе hеight to wavеlеngth. Whеn wavеs bесomе too high,

сrеsts break at thе uppеr limit of H/ i. :1/l0.)

For phasе vеloсity, Cw, it is important to undеrstand that watеr partiсlеs do not movе at this spееd; onlу

the waveform movеs with this phasе veloсity.

If thе rмavеfoпn movrs in thе positivе X dirесtion' thе wavе profilе (thе shapе of thе watеr srшfaсе) can

bе еxprеssеd as follows:

074 
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. : . :::
4.l Ship Handling in Following and Quartеring Sеas

2) Basiс еlеmеnts of rеgular dееp wavеs

By applying thе obtainеd rеlations to rеgular dееp wavеs (longеr dееp-watеr gтavity wavеs)' simplе

and vеry praсtiсal rеlations bеtwееn thе wavе-

lеngth (m) and phasе vеloсity (m/s), or wavе х::^".Y::::iY(с*) 
Cw=1.25Б(ml91'.

pеriod (s) сan bе еxprеssеd as follows: fr:1"j;:::уl'-, Tw = 0.80Л,l.(", 

,:l.;.:'

....Чavelengl!l (t) l = 1.56.Tw2 (m}

Мisсеllanеous itеms rеlatеd to wavеs
1) Group vеloсity and wavе еnrrgy

Whеn supеrposing pгopagating wavrs with slightly diffеrеnt wavеlеngths, gloup Wavеs
(thе еnvеlоpе of thе wavе paсkеt) arе сrеatеd as shown in Fig.4-5.

1..*i:э..: :.:'..

Yry

' -/-,- \,  l ' .

--------------->r

, Fig.4-5
Wave groups and grоuр veloсitу

Thе еnvеlopе ofthе wavе paсkеt propagatеs at thе group vеloсity, Сg. Thе group vеloсity for dееp wa-

tеr Wavrs is ехprеssеd as: 
сg = 

} 
сw Cw: phase veloсity of the Wаve

Thе wаvе enrrgy is also сonvеyed along a gтoup vеloсity (thе propagation оfswеll).

:_:________- waй group -----------------------*
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Elfisf, Ship Handting in Wavеs

2) Signifiсant wavе hеight (Hlв)

Signifiсant wavе height is dеfinеd as thе averagе

hеight of thе highеst оnе third (tzз) оf all wavеs rе.

сordеd ovеr a partiсular timе pеriod. Thеrе is a fair

сorrеlation bеtwееn signifiсant wave hеight and vis-

ually еstimatеd wavе hеight. Signifiсant wavе hеight

is used as a gеnеral mеasure ofsеa roughnеss.

Tp * 0.5\/t L: ship length (m)

o Enсounter wave period (тв). As shown in Fig.4-1 , a ship making Vs (m/seс) is assumеd to bе run-

ning obliquеly in rеgular wavеs with thе еnсountеr anglе of thе ship to wavеs, a dеgrееs off thе

bow, wavеs of truе pеriod, Tw (:0.stл.), lеngth, ,l, and phasе vеloсity, Cw (: 1'25\ГD.

As prеviously mеntionеd, rnсountеr wavе pеriod is еxprеssеd as:

Еnсountеr wavе pеriod: wavеlеngth,/rеlativе vеloсity to wavе

Ship spееd pеrpendiсular to thе wavе is еxprеssеd as Vs. сos a. Thеrеforе' thе еnсountеr wavе pеr-

iod is еxprеssеd by thе following еquation:

+
Ship's speed (Vs)

Tв=
Cw+Vs . сos 4

u'."-6^
,/ r-sz

oц rеfеrring to thе prейous rеlationship,

Tв=
1.25f1+vs .сos d

Fig.4.7 Еnсountеr wave рeriod (Tв)

.б

o

з

3) Natural rolling/pitсhing pеriods and еnсountеr wavе pеriod "'*"',.;Ц.Т; 
Signifiсant wavе hеight

. NaturaI roIIing period (Tв)'

Natural rolling pеriod is to bе mеasurеd whеn thе ship is in сalm sеas. Thе valuе is roughly еsti-

matеd by thе fоllowing еquation:

тБ 
- 

0.8в B: shiр.s breadth. .' _ 
1GM GM: ship's metaсentriс height

О Natura| pitсhing period (Tп).

Thе valuе of natural piсhing pеriod is roughly еstimatеd by thе following еquation:
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4.1 Ship Handling in Fоllowing and Qrrartеring Seas

Basеd on thе abovе еquation, a diagтam is prеparеd as shown in Fig.4-8, and еnоountеr wavе pеfl-

od (Tв) is obtainеd using thе еnсountеr anglе of thr ship to wave (a), ship spеed (Vs) and wavе

pеriod (Tw).

A synсhronous rolling motion rr.i1l oссur whеn thе rnсountеr wavе pеriоd Tв is nеarly еqual to thе

natural rolling pеriod of thе

ship, Tк, and this will саusе

largе rolling motions. Тhis phе-

nomеnon will bе еxplainеd in

thе subsеquent sесtion.

Ь(ampIe Vs: ]a Knоь (stф+eed)
a : 3O"(ErюпяЕrацb)
Tw: 1'l sес(Wweрriф
ТЕ : 8 seс(Е'Еo.Еfurpebd)

2d
З40.

A=U rn'
36d З;0"

90'
270'

24 22 20 18 16 14 12
Еnсounter Deriod ТЕ (s)

t70'
190'

Fig.4-8 Dеtеrminаtion оf еnсountеr wavе pеriod (Tв)

70"
2ф.

I 80-
\ 280'

-|1lоo"

f7 260"
71пo.
7 uo"
120
240'

6
210'lю"

2фЗ2 30 28 26
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!ftfiftf, ShipHandlinginWavеs

Dangеrous Еnсountеr With lligh Wavе Grоup

Thе еnvеlopе of wavе paсkеt propagatеs at thе

group vеloсitУ, Сg, in dееp wator;

Сg--|l2. Cw (Sее pagе 075). Whеn thе abovе wavе

group vеloсity is nеaф еqual to thе spееd сomponеnt

of a ship to thе wind dirесtion, dangеrous еnсountеr

with high wavе group oссrrrs; this is a phеnomеnon

whеrеby thе ship is attасked by a suссession of high

wavеs. As mеntionеd abovе, thе maхimum wavе hеight

of thе suссessivе wavеs сan rеaсh almost twiсе thе ob-

sеrvеd wavе hеiф ofthе sеa statе сonсеrnеd. This sit-

uation саn rеsult in thе rеduсtion of synсhronous rolltng

motion, paramеtriс rolling rnotion, or thе oссurrеnсе of

sеvеral dangеrous phеnomеna, heightеning thе risk of

сapsizе.

Fig.4-9 shows thе dеfinition of еnсountеr anglе

x'mrasured from thе stеrn of a ship.

Fig.4-10 shows a diagram indiсating thе dangеrous zone for еnсountеring a high wavе group; it is

usеd to dеtеrminе dangеrous соnditions. In thе figurе, еaсh ratio of ship spееd V (knots) to wavе pеr-

iod T (s), V/T, is shown as a

сonсеntriс сirсlе, and rncoun-

tеr anglе х aS a radial linе.

Whеn a ship is in thе dangеrous

zone, ship spееd should br rе-

duсеd to prеvеnt attaсk by a

suссеssion of high wavеs. Coursе

сhange may providе anothеr

mеthod for еsсaping thе dangет-

ous Zonr, but signifiсant сoursr

сhangеs arе not advisablе sinсе

thеy will bring thе ship to bеam,

whiсh puts tтansvеrsr stability

at risk. Thе сombination of speеd

rеduсtion with a slight сoursе

сhangе is anothеr possiblе taсtiс

for еsсaping thе dangеrous zone.

Carе should bе takеn to main.

tain ship spееd for stееrabiliф

in wind and wavеs.

ShiP course

Fig.4.9 Dеfinition of enсountеr anglе, x

Fig.4-10
Diagгam indiсating dangеrous zonе of

еnсountеring to high wave group

з,0 2'8 26 2А 22 2'0 |'8 1.6 |'412I'0 0.8 1'4 1,6 l.s z0 22 2.4 2'6 2'8 з.0

50"
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4.1 Ship Hand1ing in Fоllowing and Quarterlng Sеas

Rеduсtion of Intaсt Stability Causеd by Riding on WaYе Crеst at Midship
Whеn a ship is navigating in follоwing and quaгtеring sras, the еffесtivе bеam of a ship-shapеd hull

сan сhangе сonsidеrably with сhangеs irr a ship's watеrlinе.profilе, partiсularly whеn thе ship has finе

linеs and a|arge flarе (сontainеr shiрs and fishing vеssеls).

Thr mеtaсеntriс radius, BМ, and сonsеquеntly, transvеrsе stability will inсrеasе or drсrеasе as a wavе

passеs along the lеngth of the hull. As shown in Fig.4-11, whеn a ship is riding on thе wavе сrеst' intaсt

stability will bе rеduоеd сonsidеrabl1. as thе loss of watеrplanе area at thе forе and aft еnds rеduсеs thе

ship's GM and transvеrsе stаbiliп-. on thе other hand, when thе wave trouф is amidships, stability is in-

сrеasеd as thе еxtra watеrplanе aIеа at thе forе and aft еnds inсrеasеs thе ship's GМ and transversе stabili|z.

lffave сrest аmidships Sti|l wаterline lffave trough amidships

Wаve сrest amidships Wаterplane area

':',,:j.:: Still waterline waterplane area

{.:.::j.i=i.i:i..].Е Wave tro u g h am ids h i ps wate rp | а n e are a

Fig.4-11 Сhangе in ship,s watеlplanr arеa with wavе profilе

Thе amount of stability rеduсtion is nеarlу propottional to
wavе hеight and thе ship may losе stability whеn thе wavе-
lеngth is onе to two timеs ship lеngth and wavе hеight is
largе. This situatiоn is еspесially dangеrous in following and
quartеring sеas, bесausе thе timе spеnt riding thе wavе сrеst
bесomеs longеr (morе time is spеnt in a statе of rеduсеd sta.
bility). Fig.4-|2 shows thе frеquеnсy of сapsizing duе tо rе-
duсеd stability as rеvеalеd by еxpеrimеnts with ship modеls.
Plеasе notе that thе most dangеrous сapsizing zonе rеlatеs to
a dirесtion of еnсоuntеr wavе anglе ranging from 20 to 40
dеsrееs frоm thе stеrn'

Еnоounter wave ang|e
Fig.4-12

Numbеr of сaрsizеd vessels to numbеr of
trial runs (mоdel ship еxpеrimеnts)

Nс: Number of сaрsized vessels
N : Number of trial runs

404
40

<лФ
.NФ
б
(J

o
(d
E

600/o

40o/o

20%
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!@EEa Ship Handling in Wavеs

Rеduсtion of stability tеnds to bе morе signifiсant whеn a ship is finе-linеd with a |arge flarе (сontain-
er ships and fishing vеssеls) and lеss signifiсant in full-hull ships (tankеrs and bulk сarriеrs).
Тhе fastеr thе ship runs, thе grеatеr thе risk ofсapsizing; rеduсtion ofstability is gтеatly inсrеasеd bе-
сausе thе ship is riding on a сrest of a largеr wavеlеngth, i.е. largеr wavе hеight. To avoid thе risk of
сapsizing due to rеduсеd stability, ship speеd should bе rеduсеd or сoursr altеrеd, or both, in ordеr to
сhangе thе еnсountеr Wavr anglе and pеriod. WЪеn еxесuting thе abovе proсedurеs' сarr should bе
takеn not to induсе othеr risks, suсh as bеam sеas that may plaсе thе dесk undеr Watеr or сausе svn-
сhronous rolling motion. 

Ж*:*+

Synсhronous Rolling Motiоn

Largе rolling motions may bе еxсitеd when thе nafural rolling pеriod (Tк) сoinсidеs with the еnсoun-
tеr wavе periоd (Tв) (Fig.a-l3). Whеn nаvigating in following and quartеring sеas' this may happеn if
thе transvеrsе stability of thе ship is small and, thеreforе, thе natural rol1 pеriod bесomеs longеr.

Listing.

Return ro|l is aссеlerated and reinforсed by the neхt Wave.
Тhе Iimits of ship's ro|| сoinсide with the Wave сrest (or trough).
The rolling angle inсreases with eaсh suссessive wave.
This is known as ..synсhronous ro||ing'', (Causing dangerous heavy ro|ling.)

o
o
I
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1.1 Shiр Handling in Fol1owing аIrd Quartеrirrg Seas

Fig.4-14 shows thе zonеs of hеa\у rolling of ships With 8- and 24-seсond roll pеriods among wavеs of

60 to 180 mrtеrs in lеngth. As sееn in thе Гrgurе' thе zonе of hеavy rolling shifts from thе bеam to thе

quartrr of thе ship as thе nafural rol1 pеriod bесomеs lоngеr (i.е. thе ship bеоomеs tеndеr.)

Сoursе сhangе or spееd rеduсtion is rеquirеd to prеvеnt synсhronous rolling motion, i.е. avoiding syn-

сhronous ro11,Тк/ Tr,:1. Thе сoursr or spеed leading to synсhronous roll сanьe oЬtained using thе

еquation dеsсribеd on pagе 07 6 or bу thе diagram in Fig.4.8 undеr thе сondition TR/ TЕ : l .

l_Тп .1.25\/т. Ship,s rеlativе сoursе to wavе ( с ) from thе bow

lеading to synсhronous rolling:

. Ship spееd (Vs m/s) lеading tо synсhronous

rolling motion:

Example
1. Natura| ro||ing period (тв) = 24sec (сontаiner and Pсс)
2. Wave enоoUnter period (Тв)=24seс

3. тR=тЕ -synсhronoUs ro||ing

oтR=24' Vs=15 knots aпd a=159 deg from bow-synсhronoUs rolIing

How to avoid synсhronous rolling
changespeed (vs) o* Ф
Changeсourse (a) 9*g
(Beware quаrtering seas when changing сourse.)

coSс=
Tп .Vs

l_Tп .1.25\/т
Vs=

Tн. сosa

З5
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25

20

I5

10
I
3s
5
ЕoФ
o-
al,

.+5
tro

15

20

25

З0

З5
Foflowing seas Fig.4-L4

Zonе оf hеavy 'rolling оf ships with 8- and 24-sесond гoll реriods among waves оf 60- tо 1 80.m length

Head seas

wavДs ot uo-,J 
',o-' 

|ength аre pl."аorni'l,ant ,l' o"Ьo 
"J"".

Ч

Ф
N.|Гс
5

.gс
Ф-.Е.бс

ф

Ф
"1i"Ё
F

.+=

s.:
{Ь,'

7 I 910
Natura| period (seс.)

A Guide to ship наnd|ins 

| 

08.|







E!!!f i  Jr lrр f lalrurr 'tg l ' t  vta}сD

Surf.riding and Broaсhing.to
Whеn a ship is situatеd on thе

stееp forеfront of a wavе in fol-

lowing and quartеring Sеa сon-

ditions, thе orbital vеloсity of

watеr par1iсlеs сan оausе thе

ship сan to ridе thе wavе, a

phеnomеnon known as surf-

riding. In suсh a sitшation (i.е.

ship travеlling down-slopе), two

opposing drift forсеs will сrе-

atе a furning momеnt as shown

in Fig.4-17.

Thе ship is tumеd forсibly bесausе of thе laсk of stееrability' and is tв.istеd bеam-on to thе advanсing

сrest of thе Wavе' aS shown in Fig.4-18.

rr+ Force of water paпiс|e motion

Water pаIhc|e orbita|s

Yawing moment

.> мomentum

+ Wave direction

Wind & Wave

Fig.4.17 Tгar'еlling dоrr'n-slopе

0B4 A Guide to ship наndling

Fig.4-18 Пlustration ofbroaсhing-to



4. ] Ship Haпсlling in Follоwing anс qu-.".ing s.o,

This is known as broaсhing-to, and thе ship is at risk of сapsizing duе to thе suddеn сhangе ofhеading
and unеxpесtеdly largе hееling. Brоaсhing-to сan happеn to small as wеll as largе ships. Broaсhing-to
morе сommonlу oссurs whеn wavеs aгrivе from bеhind with a small anglе, say 10-30 dеg., to thе forе-
and-aft axis of thе ship. In modеratе sеa statеs, a ship is morе likеly to broaсh-to if it is running at a
high spееd and is slowly ovеfiakеn by thе wavеs. Broaсhing-to may also oссur at lowеr spееds if thе
WaVеS arе vrry stееp. As mеntionеd abovе, whеn ship spееd is so high that its сomponеnt in thе wavе
dirесtion approaсhеs thе phasе vеloсity ofthе wavе, 

З5
thе ship will bе aссеlеratеd, wi1l bеgin surf-riding

and thеn broaсh-to. Thе сritiсal spееd for thе oосur- З0

rеnсе of surf-riding is сonsidеrеd to bе 1.8r/Г 
Q 25

(knots), whеrе L is ship lеngth. It should bе notеd 5 ,n
that thеrе is a marginal zone (|.4,,fL-1.8,Д) bеlow в 

."

сritiсal spееd whеrе a laгgе surgr may oссur. This * ,'

еvеnt is almost еquivalеnt to surf-riding in tеrms of .Е 
,o

dangеr. Fig.4-19 shows thе сritiсal spееd (knots) for с
thе oссurrеnсе of surf-riding in rеlation to ship

lеngth. Fig.4-20 shows thе diagram indiсating surf- 0
riding dangеrous zonеs.

To avoid sшЁriding and broaсh-

ing-to, ship spееd shоuld bе rе-

duсеd to thе marginal spееd

zofle or bеlow. Aftеr rеduсing

spееd, if thе ship is in thе mar-
ginаl zonе and a lаrgе suгgе is

fеlt' spееd should bе rеduсеd

furthеr' Surf-riding сan oссur

whеn a ship is running in shal.

low watеrs, еvеn whеn thе ship

is making a rеlativеly low

spееd. This is bесausе thе phasе

vе|oсity of wаvеs is slowеr in

shallow Watеrs, and thе сritiсal

spееd may bе attainablе at a re|-

ativеly low ship spееd.

lt is important that seаfarers
operаting high-speed pleаs-
ure boats and fishing ves-
sels in shallow waters bear
this phenomenon in mind.

З'0 2.8 2'6 2'4 2'2 2.0 I.8 1,61.4 12 |'0 0.8
v/т

0,8 1,0 |,2 1'4 1,6 I.8 20 2'2 24 2,6 z8 З.0

V: Ships speed (knot) T: Wave period (seс)

Fig.4-20
Diagrarrr indiсating dangеrous zоnе duе to surf-riding
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Ship Motion in Hеad and Bow Sеas

A ship among wavеs is rеpеatеdly subjеоtеd to hеaving, pitсhing and rolling as shown in F'ig.4-3.

Hogging, sagging and twisting (torsional momеnt) сan also bе gеnеratеd dеpеnding on thе ship's rеla-

tivе position to thе waves; i.е. whеthеr thе wavеs сrеst or trough amidships, or thе ship is among obli-
quе Wavеs as shown in Fig.4-2l and F'ig.4-22.

Hul l twist ing

086 A Guide to Ship Handl ing

HulI hogged by wave сrest amidships Hul l  sagged by wave trough amidships

Flg.J-2 !  Ноеginr 1l ld sаgР jnc

Fig.4.22 Twisting (torsiоnal momсnt)



4.2 Ship Handling in Hrad and Bow Seas

Compoundin g the above' ship speed is rеduоеd due to added fesistanсе fuom wind and waves.
This phеnomrnon is еspесially likely in hеad and bow sеas.
A ship's pitсhing responsr to anУ wavе is dеtеrminеd by thе йave's еnсountеr length rеlativе to the
shipЪ lеngth' as well as the period of еnсountrr:

. Thе ship's pitching motion is lеss signifiсant whrn wavеlеngth is shortеr than ship lеngth bесausе thе
influenсе wavе is small. Pitсhing is rеstrainеd; thе bottom of thе bow doеs not еmrrgе from thе wa-
tец and thе bow doеs not dip sеverеly еnough to takе grееn watеr. (Fig.a-23)

o Whеn wavеlеngth is longеr than ship lеngth, thе ship pitсhеs and hеavеs еasily following thе fore and
aft wavе profilе. (Fig.a-2a)

о Whеn wavelеngth is еqual to ship lеngth pitсhing motion is at its most intеnsе. Hеaving of thе ship
on a сrеst and plunging of thе bow into thе nеxt wavе will aссеlеratе. Fluсtuations of Watеr lеvеls rе1-
ativе to wavеs at thе bow and stеrn gтow grеatец lеading to phenomеna suсh as propellеr racing,
shipping watеr and slamming. (Fig.a-25)

Fig.4.23 Pitсhing motion when enсountеr wavеlёngth is shortеr than ship length

Fig.4.24 Pitсhing motion whеn еnсountеr wavеlеngth is longеr than ship lеngth

Fig.4-25 Pitсhing motion whеn enсountеr wavеlength is equаl tо ship tength
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Eftfil!f, Ship Handling in Wavеs

Fig.4-26 shows thе сalсulatеd fluсtuations of

watеr lеvеl rеlativе to Wavrs at thе bow.

From thе Гrgurе, it is known that thе fluсtuat-

ing watеr lеvеl at thе bоw attains its grеatеSt

lеvеl whеn wavеlеngth is еqual to ship lеngth;

shipping ofwatеr сan oссur bесausе thе rеla-

tivе watеr lеvеl еxсееds thе bow frееboard;

slamming сan oссur whеn thе rеlativе watеr

lеvеl drops far еnough bеlow for.ward draft to

еxposе thе bottom platеs at thе bow.

Ф
Ф
Ф
бзФ
бФЕ

Whеnеvеr a ship is pitсhing and hеaving hеavily at thе bow, similar hеaving motion is gеnеratеd at

thе stеrn. As thе rеlativе motion bеtwееn watеr lеvеl and thе stеrn inсrеasеs. thе stеrn lifts out of thе

watеr and ехposrs part ofthе propеllеr, сausing it to raсе. This grеat and abrupt геduсtion ofpropеl-

lеr load rеsults in a suddеn inсrеasе in propеllеr rеvolutions, gеnеrating intеnsе r.ibration. Known as

propеllеr raсing, this phеnоmеnon сan damagе thе propеllеr' thе propеl1еr shait and thе main еnginе'

Aссordingly, whеn a ship in ballast is navigating hеad and bow sеas in still rr'atеrs. aft draft should bе

dееpеnеd so that thе ratio of propеllеr immеrsion to propеllеr diamеtеr may bе kеpt at 20 pеrсеnt or

morе. (Fig.4-27)

Propеllеr Raсing and Rеduсtion оf Ship Spееd

lmmersed depth of propellerr upper tip ratio

d/D > o.2(2ФЬ)
Propeller immersion ratio

I lD > o.7 (7oу")

I : propeller immersion D: propeller diameter

1.0 2.5
Wavelength / Ship length

Fig.4-26 Fluсtuatiоl-ls tli ге1attr е l'u'atеr lеvе1 at bоw

Fig.A-27
Rес1uiтеd ratio of pтopеllеr immеrsion to pr.сlpеllеr diamrtеr

Draft at bow

Freeboard at bow

0B8 
| 

A Guide to Ship Hаnd|ing

I



4.2 Ship Handling in Hеad and Bow Sеas

Plеasе also notе that nominal spеed will bе rеduсеd duе to addеd resistanсе, Iеduсеd propulsivе еfТi-
сiеnсy and inсrеasеd proprller load. Fig.4-28 shows thе nominal spееd rеduсtion in iшеgu1ar wavеs
Whrn a 250-m-lоng сontainеr ship hеads into a sеaway. Thе figurе makеs it сlеar that thе dеgrее of
nominal spееd rеduсtion inсrеasеs signifiсantly whеn wavе hеight ехсееds 6 mеtеrs.

Fig.4-28
Nominal sрeed rеduсtion in hеad sеas

(full-1oaded сontainеr ship)

Whеn thе main еnginе is subjесt to еxсеssivе torquе brought about by addеd rеsistanсе to thе hull, thе
rеsult сan bе what is known as a torque riсh сondition, whiсh сan lеad to еnginе troublе сausеd by
ovеrhеating, or in abnormal соnsumption of fuеl oil. In suсh an еvеnt, ship spееd must bе rеduсеd.

Shir headiпg tо high waves

Е 1n

Е
Е
э
ч nА

;ФФо-
(I)

0.2

Wave height 1m;
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!@[s@ ShipHandlinginWavеs

Shipping Water Forward

Shipping watеr rеfеrs to grееn watеr swееping down thе upper dесks bеyond thе forесastlе bulwark.

Thе impaсt forсе of grееn Watеr сan сausr sеvеrе damagе. oссasionally, dесk maсhinеry dесk сargo

and hatсh сovеIS arе damagеd. Hatсh сovеr damagе may allow watеr to еntеr into thе holds.

Thе impaсt forсе of shipping watеr has two еffесts: dirесt dynamiс prеssurе сrеatеd by thе shippеd

grееn watеr; and impaсt forсе сausеd by thе swееp of grееn watеr against dесk maсhinеry and othеr

applianсеs. Dynamiс prеssrrrе сrеatеd by shippеd grrеn Watеr pounding onto thе dесk can rеaоh ap-

proхimatеly twiсе the statiс prеssurе еquivalеnt to hеight of shippеd grееn watеr abovе dесk. Thе dy-

namiс strеss of shippеd grrеn Watеr swееping оvеr thе dесks is prоportional to thе squarе оf ship

spееd; impaсt forсе is similar tо that сausеd by grееn watеr pounding thе dесk.

Fig.4-29 shows thе rеsults оf a tank tеst on

shipping watеr. Assumеd arе an aсfual ship of

78.5-m lеngth and rеgular rvavеs of3-m hеight

(сorrеsponding to Bеaufort sсale З). Thе ex-

pеrimеnts wеrе еxесutеd in сombinatiоn with

various ship spееds, wavе еnсountеr anglеs and

ratios of wavеlеngth to ship lrngth.

From thе figrше, it is found that shipping watеr

inсrеasеs whеn ship lеngth is еqual to wavr-

lеngth in hеad sеas, and that thе frеquеnсy of

shipping Watеr may bе dесrеasеd by rеduсing

spееd andlor altегing сoursе.

Fig.4-29 Frеquеnсy of shipping watеr in regular wavеs

As shоwn in Fig.4-30, oсеan Wavеs сan bе sееn aS a supеlpo-

sition of many, simplе, regll|at harmoniс wavе сomponеnts,

еaсh with its own amplitudе, lеngth or frеquеnсy and dirес-

tion ofpropagation.

Thе intеraсtion of thеsе сomponеnts сan lеad to irrеgulariф.

Nееdlеss to say, it is important to invеstigatе shipping watеr

phеnоmеnon in irrеgular Wavеs.

Fig.4-30
Сonсеpt of irтеgular wavе

-30"

ang\e
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4.2 Ship HandIing in Hеad and Bow Sеas

Fig.4-3l shows thе rеsult of shipping watеr
tеsts. Assumеd arе a ship of 78.5-m lеngth

and irrеgular Wavеs. From thе figurе, it сan
bе seеn that the frеquеnсy of shipping watеr
inсrеasеs proportionally with an inсrеasе in
ship speеd and dесreasеs as thе еnсountеr
wavе anglе (mеasurеd from thе bow) inсrеasеs.

Whеn сonsidеring shipping watrr phеnomеn-

on in hеad and bow seas, first сheсk thе
Bеaufort sсalе numbец whiсh rеlatеs to thе
hеight of сorrеsponding wavеs, to сalсulatе
thе frеquеnсy of shipping Watеr' as shown in
Tablе 4.1. (Тhе Bеaufort sсalе will bе еx-
plainеd in Chaptеr 5.) Nеxt, using probability

thеory a сritiсal oprration diagram for thе oс-
сuшеnсе of shipping watеr сan bе obtainеd. Tablе 4-1 Bеaufort sсalе and wavе hеight

Fig.4-З2 and Fig.4.33 show сritiсal opеration diagrams for thе oссurтеnсr of shipping watеr for a full-
loadеd сontainеr ship of40,000 gтoss tons. Ship spееds arе drawn in сonсеntriс сirсlеs and enсountеr
wavе anglеs in radial lines. Critiсal lines сorrеsponding to thе Bеaufort sсalе (wavе hеight) arе shown
as сolorеd сurvеs.

Container ship Container ship

ж'F 1-a .;. .; u .i... в 9.'.. lo lt it.. lz

H"i;fr!*, .lo.э'о з.o +Е 5'5, ;i.. s.o тl.i:lд.о

б'з

.: '=_о

(knots)

Fig.4-32
Critiсal opеration diagram for thе оссurrеnсе оf

shipping water on a сontainеr ship (l0 times/hour)

Fig.4-31
Frеquenсy of shipping watеr in iгregular wavеs

Frщuenry of shiрing Water
=5 times/hour

5'o lo 15 20 25 (knots)
Fig.4-33

Critiсаl оperation diаgтаm for thе oссuггеnсe of
shipping watеr оn a соntainer ship (5 times/hour)

1,1lquв
Frequenсy of shiрing Water

=10 times/hour Ф
jЧ^хЧ
t.Р ln
э lw

ФllФ..
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tz

Ev
БlU
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б lIФ-^Ф12
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EEEщ Shiр Hаndling in Wavеs

Thеsе figuтеs show that a сontainеr ship hеading into a seaway with Bеaufort sсalе 10 wavеs will ship

watеr l0 timеs pеr hour at a vеssеl speed of 19 knots (F'ig.4-32), and that thе frеquеnсy of shipping wa-

tеr сan bе сut in half i.е. to 5 timеs pеr hour, if ship spееd is геduсеd to l7 knots. (F.ig.a-33)

By thе samе tokеn, a full-loadеd orr сarriеr of l10,000 gross tons hеading into a sеaway of Bеaufort

sсale 5 сan rеduсе thе frеquеnсу of shipping watеr by half, from l0 timеs pеr hour to 5 timrs pеr hour,

if ship spеed is rеduсеd from l3.5 knots to l2.5 knots. (Fig.a-3a' F'ig.4-35)

ore сarrier ore сarrier
Frequenry of shiрing waЕr

=5 times/hour

Ъu

3.0 6.0 9.0 12 J5(knots)
Fig.4-34

J5(knots)
Fig.4-35

. Frequenсy of shipdng wder
уTQuo =10 times/hour

- etL
\ 

't%

--х \ lгo "2

Ф
()Ф
o
з
oФ

Critiсal opеration diagram for the оссurrеnсe of
shipping watеr on аn ore саrriег (10 times/hour)

Critiсаl opеration diagram foг the oссurгenсe of
shipping watеr on an orе сarгiеr (5 timеs/hour)

Thе oссurrеnсе of shipping watеr as it rе.

latеs to ship фpе and spееd is summarйеd

in Tablе 4-2. It is shown that a rеduсtion

of spееd will сonsidеrably lеssеn shipping

watrr.

Frcquencyofshiрpingwater Bf.5

10 times/lrour 12 knots

5 times/hou] 11 kпots
*Bf = Beaufort sсa|e

Ship typеs and speeds for thе oссuгrеnсе of shipping water

Slamming
Whеn a ship proсееds at a rеlafivеly high spееd in hеad sеas, slamming may oссrrr. Slamming may bе

сlassifiеd into thе following thrее typеs:

. вottom sIаmming oссurs whеn, due

to hеavy bow motion rеlativе to Wavеs,

thе forward part of a ship's bottom

еmеrgеs from the Water and thеn slams

down hеavily into the rising watrr of thе

nеxt onсoming wavе. (Fig.4-3б)
Fig.4-3б Bottomslamming
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4.2 Ship Handlirrg in Hеad and Bow Sеas

. BoW flare slamming oссurs tn a Iarge flarеd ship Whеn a high rеlativе spееd еxists bеtwееn watеr
lеvеl and thе flarе. (F.ig.4-37)

Fig.l-зп Bоw flаrе slamrning

. Breaking Wave impaсt is сausеd by thе build-uр
of brеaking wavеs rеsulting from a supеrposition of
bоw wavеs and hеad sеas. Largе, fat ships arr sus.
сеptiblе to this phеnomеnon. (Fig.a-3s)

Fig.4-38 Brеaking Watеr (WaVе) lmpaсt

Hеalу slamming will not only damagе thе ship's boщ forward bottom plating and bow flarе, but thе
сargo as well. Immеdiatеly aftеr slamming, high-frеquеnсy vibratory strеssеS, сallеd whipping, will
takе plaсе еlsеwhеrе in thе hull, сausing damagе to thе hull and various applianсеs.
Furthеrmorе' as thе frеquеnсy of slamming inсrеasеs, сraсks сan dеvеlop in thе hull struсturе and mеt-
al fatigue, сausеd by rеpеatеd strеssеs and strains, oссasionally rеsults in fbta1 hull сollaоsе.

Phoios фUrtesy of Aст сo' Ltd'
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zl.2 Ship Handling in Hеad and Bow Sеas

E!!s[l Ship Handling in waves

Fig.4-39 shows modеl еxpеrimеnts сoncеming a

78.5-mJong vеssеl еxpеriеnоing slamming.

Thе following impor1ant findings have bееn ob-

tainеd:

. Appropriatе rеduсtion of spееd is еffесtivе rn

rеduсing slamming.
. Altеring сoursе to сhangе еnсountеr anglе is

also еffесtivе in rеduсing slamming.
. A ship in light сondition with trim-by-thе-stеrn

is mоrе susоеptiblе to slamming сomparеd to a

ship in full-load сondition.
. Slamming is likеly whеn thе ship is сlosе to

rrsonant pitсhing in hеad wavеs slightly lоngеr

than its own lеngth.

Carе should bе takеn whеn rеduсing spееd or

сhanging сoursе as thеsе mеasulеs may have

сonsrquеnсrs with rеgard to paramеtriс rolling,

synсhronous rolling or сoursе сontrol.

Fig.4-40 shows a сritiсal opеration diagram for

slamming on a full-loadеd containеr ship of

40'000 gross tons. Thе figurе shows that a сon-

tainет ship hеading intо a sеaway of Bеaufort

sсalе 10 (avеragе wavе hеight 9 mеtеrs) will suf-

fеr slamming 2 timеs pеr hour if thе ship is mak-

ing 13 knots. (Whеn сoursе is altеrеd to 45 dе-

grееs starboard or port' thе ship сan makе 19

knots.)

oссuшеnсе of slamming rеlativе to ship фpе and

sоееd is еxaminеd in Table 4-3.

In this сhaptец you havе bееn shown many tablеs and diagrams

hеalу sеas and found thеsе rеfеrеnсеs to bе :: .:..:.j.:|:.|::::|.::I:::.:::
simplе and сonvеniеnt mrasurеs. Morеovеr,

rеfеrеnсе data ate now availablе for naviga-

tiоnal risk phеnomеna as thеy rеlatе to ship 5 times/hour

typеs and сonditions. It is hopеd that you arе 2times/hour

еnсouragеd to aоhiеvе sаfе nаvigation in 
*Bf = Beаufoгt sсa|e

Fig.4-39
Fгеquеnс1-of slamming on a сoastal ship

in light соndition

Container ship
Frequenсy of s lamming

=2 t imes/hour

5.0 l0 15 20 25(knots)
Fig.4-40

Cгitiсal opеratiоn diagram for thе oссurrenсе of
slamming оn a сontainеr ship (2 timеs/hour)

for avоiding navigational risks in
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hеalу sеas by using thеsе rеfеrеnсе data.
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Tfоpiсal Cусlonеs (Storms)

Beaufort Sсalе (Prеliminary Guidanсе)

Thе Bеaufor1 sсalе is an еmpiriсal mrasurе dеsсribing wind intеnsity basеd mainly on obsеrvеd sеa сon-

ditions. It is usеd by сountlеss wеathеr stations and sеafarеrs. A dеfinition ofthе Bеaufоrt sсalе is shown

in Tablе 5-l, whilе Fig.5-1 providеs a visual imprеssion of thе sеa statеs rеlativе to thе Bеaufor1 sсalе.

@.t,"

Beauforl
nuйber Wind speed (mls) Probable mean

Wave height (Ф Sea сondition

0 0-0.2 Calm 0 оaIm (GIassy)

1 0.з-1.5 Light air 0.1 Ripple without crests

Z 1.6-з.3 Light breeze 0.2 Sma|I waveIets' сrests of gIassy appearanсe

a з.4-5.4 Gentle breeze u.o Large wavelets. Crests begins to break

4 5.5-7.9 Moderate breeze ,1
Smal l  waves, becoming longer

5 8.0-10.7 Fresh breeze Z l\,4oderate waves, taking a more pronounced long form

o 10.8-13.8 Strong breezе Large waves with foam аnd sрray

-7 1З.9-17.1 Near gale 4 Sea heaps up and foam begins to streak

I 17.2-20.7 Gale b.5
Moderate high waves with breaking crests forming
spindrift. Streaks of foam

20.8-24.4 Strong gale 7 High waves With dense foаm.
Wave crests start to roll over.

10 24.5-28.4 Storm I Very high waves with |ong overhanging сrests

'11 28.5-t2.6 Violent storm 1 1.5 ЕxсeptionaIly high Waves: VisibiIity affeсted

12 З2.7ove( Hurriсane 14+ The air is filled with foam and sDrav:
VisibiIity serioUsly affeсted

TabIе 5-1 Bеaut.огt r'r,ind sсalс
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Fig.5.1 sеa statе vs bеaufort sсalе

Photos сourtesy d{ Japan t\4eteoroIogiса| Аgency
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Fig.5.1. . Sеa statе r,s bеаufort sсalе

Photos сourtesy of. Jaрan Мeteo'olбgiсal .Ageпcy.
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5.1 Metеorologiсal Phеnomеna ln Wzrtеrs NeighЬoring Jaрan

Formation and Dеvеlopmеnt of Ехtratrоpiсal Cyсlonеs and Typhoons

1. Formation and deveIopment of extratropiсaI сyclones in waters neighboring Japan

Thе formation and dеvеlopmеnt of ехtratropiсal сyсlonеs arе grеatly affeсtеd by air massеs in watеrs

nеighboring Japan. Whеn a\ area of high atmosphеriс prеssurе rеmains ovеr a сontinеnt or thе oсеan

for an еxtеndеd pеriod of timе' a largе homogеnеous air сonсеntration may build up. This is сallеd

an air mass. Thеrе arе two major air massеs affесting mеtеorologiсal сonditions in watеrs nеighbor-

ing Japan: onе is thе Sibеrian Air Mass, a сold air mass; and thе othеr is thе ogasawara Q.{orth Paсif-

iс) Air Мass, a warm air mass. Dеpеnding on thе sеason, thr okhotsk Air Мass and thе Yangtzе-Riv-

еr Air Mass will also influеnсе mеtеorologiсal сonditions in watеrs nеighbоring Japan (Fig.5-2).

Fig.S-2 Air massеs arоund Jaрan

A Guide to ship наndIing



@MеtеorologyforSafеNavigationinЕхtratropiсalandTropiсalCyсlonеs(Stоrms,1

The formation and dеvеlopmеnt of еxtratropiсal сyсlonеs arе еxplainеd as follows: Wliеn two air
massrs with physiсally diffеrеnt сharaсtеristiсs сomr into сontaсt with еaсh othеr, fronts are formеd
in thе boundary zonе bеtwееn thе two aiт massеs.

Whеn thе сold air mass is largец it movrs
towards thе warm air mass' thе сold air
moving thе frontal boundary forward and
raising thе lightеr warm air. A front
formеd in this mannеr is сallеd a 

..сold

front" (Fig.5-3).

Whеn warm air prеdominatеs, thе warm
air movеs towards thе сold aiт mass and
pushеs thе front forwаrd with thе lightеr

warm air сrееping up thе frontal boundary

of thе сold air mass. A front formеd in this

mannеr is сallеd a,,warmfront'' (F.ig.5-4).

cB: сumuIonimbus NS: nimbostratus

An ехtratropiсal сyсlonе fоrms whrrе thеsе fronts mеet. Whеn a southеm warm air mass movеs north-
ward and a northеrn сold air mass movеs southward, an updraft is сrеatеd by thе сontaсt bеtwееn thе
two air massеs (Fig.5-5).

100 
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5.1 Mеtеorologiсal Phеnomena in Watеrs Neighboгing Japan

As shown in F'ig.S-б, this forms the countеr-сloсkwisе spiral flow of aiт that сan dеvrlop into an еxtra-

tropica| cуclone.

Thе largеr thе diffеrenсе il tеmprгаnше bеtwееn thе two сonverging massеs' the grеatеr the potеntial

strеngth ofthе еxtratropiсal сyсlоnе. For thЬ rеаson' strong еxtratropiсal сyсlonеs arе morе frеquеnt

in wintеr than in summеr.

Ехtratгopiсal сyсlonеs in thе Northеm hеmisphеrе gеnеrally movе nоrthеastward at an approximatе

spееd of 40 km,/h or daily l0 dеgrееs of longiшdе. Approximatе maximum wind spееd may bе сalсu-

latеd using thе following formula:

V 1mls1 = $y'1ffi-p Y:TlT"'wind 
speed (m/s)

P: atmospheriо minimum pressure (hPa)

Ехtratropiсal сyсlones may bе сlassifiеd into thе following two оlassеs:

. Wind rain сlass: сore atrnosphеriс prеssrге is l,000 hPa or less шrd maximum wind spеed is 15 m/s

or grеater.
о Stoгmy wind and rain сlass: сorе atmosфеriс prеssurе is 980 hPa or lеss and maximum wind spееd

is 25 m/s or grеatеr.

A dеvеloping еxtratropiсal сyсlone is сharaсtеrizеd by thе following indiсafions:

о сorе atmosphеriс prеssurе falls bеlow l,000 hPa
. ratе ofdailyprrssrrrе dесrеasе ехcееds 10 hPa
. moving vеloсity еxсееds 50 km/h

о AC = Statioпаry surfaс€ boundary
or front

О srnа|. wave developing at B

О Cirсu|аtion аround
AB = Cold front
BC = Warm front

Fig.5.б
Formation of fronts in Northеm hemispherе
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E!!!@ Meteorоlogy for Sаfе Navigatiоn in Ехtratropiсal and Trоpiсal Cyсlonеs (Storms)

2. Suffaсe and upper air weather chafts

Thе wеll-known surfaсе wеathеr сharts arе usеd tо

find thе loсatiоn and strеngth oflow and high prеs-

surе systеms as wеll as Warтn' сold and stationary

fronts. Thе highs and lows сan bе loсatеd with H

and l sуmbоls on thе map. Isolinеs rеprеsеnt thе

isobars of surfaсе atmosphеriс prеssrrrr (Fig.5-7).

H: Нigh pressure l.: Lowpressure

To undеrstand mеtеorologiсal phеnomena сausеd by еxtratropiсal сyсlonеs, it is nесеssary to grasp

thе thтее-dimеnsional struсfurrs of atmosphегiс air movеmеnt within thе troposphеrе, thе lowеst rе-

gion of thе atmosphеrе, whiсh еxtеnds from thr planеt's surfaое to a hеight of about |2 k{fi. Uppеr аir

wеathеr сharts arе produсеd for thе portion of thе atmosphеrе abovе thе lowеr trоposphеrе; prеssurr

surfaсе hеight, air tеmpеraturе and wind spееd arе plottеd on thesе isobariс maps. Thеy arе сlassifiеd

into thе following lеvеls of thе atmоsphеrе (Sее Fig.5-8):

300 hPа
(9,000m)

500 hPa
(5,500m) ж*,.

Mt.Fuji

Judgement of rain arеa

Fig.5.7 Surfaсe wеathеr сhart

Mt.ЕVerest

1O2 | A Guide to Ship Handling
I

Fig.5.8 Upper air сhaгts vs. altitudеs



5.1 Mеtеоrоlogiсal Phеnomеna in Watеш Nеighм.иg rщ"n

Thе сhar1s rеprrsеnt hеight оontours

(linеs оonnесting all points on thе sur-

faсе having thе samе altitudе) as solid

linеs; and isothеrms (linеs оonnесting

all points having thе samе tеmpеra-

turе) as dottеd linеs (Fig.5-9 and

Fig.s-10).

300 hPa сharts may havе 
,,isotaсhеs'',

whiсh arе linеs сonnесting all poiлts

having еqual wind spееd. Ships mainly

сonсеm thеmsеlvеs with 500 hPa up-

pеr air сharts rеprеsrnting wеathеr

сonditions in thе mid-troposphеrе; half

thе mass of thе atmosphеrе liеs bеlow

this lеvеl. Sinсе many wеathеr systrms

follow the wind flow at this lеvеl, this

lеvеl is oftеn соnsidеrеd to symbolizе

thе stееring lеvеl оf thеsе systеms.

i i5580

Fig.5.9 Uрpеr ajг сhaпs (500 hPa;

Sol id l ine:
Isobariо surface / Height (m)
Dotted line;
lsotherms (500/700/850 hPa chart)
Isotaches (300 hPа)

W, Core of warm air
C: Core of сo|d air

тemperature
11 -37.5ч

r .: . , . . .  , .  .  .  .4;0. '  .
;;Dqщ' point.deрression
.{iAirtёmp - DeW point temр}

-\

[-;

,ъ:

Fig.S. l0 Uppег air сhafis (500 hPa: isobaгiс sufaсе and isoфеrms)

i' ..,^ ._--__-_-Ъff*l
! ,z N-,+.я 

.- ':,} щ-,+.s i 'э;,17-*д€:Ё

оourtesy of Japan мeteoro|ogiсal Agenсy
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EщЕ NiIetеorоlog1.for SalЪ Nal,igation in Ехtratrоpiсal and Тropiсal С1,сlоnеs (Stоrms)

As shown in F.ig.5.1l, ехtratropiсal сyсlonеs tеnd to dеvеlop in front of an uppеr.lеvеl trough.

Whеn thе uppеr-lеvеl trough dееpеns rеlativе to thе prеvious day, thе low on thе surfaое will

strеngthеn.

Attеntion should also bе givеn to thе movеmеnt of uppеr-lеvеl isothеrms, bесausе thе flow of сold air

towards thе south may сausе ехtratropiсal сyсlonеs to dеvеlop aссоmpaniеd with gusting winds.

Partiсular сarе should bе paid to thе movеmеnts of isothеflns on 500 hPa uppеr-aiг сharts at -30.С and

-36"C in wintец and at -24"С in spring and аutumn (Fig.5-12).

It is hopеd that navigators will rnakе optimum usе of uppеr-air сhar1s in сombination with surfaсе

wеathеr сharts.

Fig.5-11 tJpрег-lеr.еl trсlugh l i iг t 's. lotv оn suгl.асс Fig.5-12 Dеr ' .е lopпlеl t t  оI.схtг l t tгс lp iсal  сусi t lnс
aпt l  Lr111lсг соld aiг inГlLrх

3. Тyphoons

Lows formеd in a tropiсal zone are сallеd tropiсal dеprеssions. In Japan' a tropiсal dеprеssion with a

maximum wind spееd of 11 .2 m/s or morе is сallеd a фphoon (Fig.s-l3).

l  

| 
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.5.l Меtеorologiсll Phепопrеna in Watсrs шеighь.ing l^рon

Fig.5-l4 shows arеas of typhoon for-
mation. Thе most typhoons form in thе
еastеffl sra arеa off thе Philippinе Is-
lands.

As shown in Fig.S-l5, typhoons gеnеr.

ally follow onе of two paths: somе
movе nofthwеstеrly aftеr birth; whilе

othеrs vееr to thе right along thе wеst-

еrn fringе of thе North Paсifiс oсеan
High, thеn movе nofihеastеrly undеr
thе impaсt of thе Wеstеrliеs. Thе path

of thе lattеr typе is largеly dеpеndеnt
on thе strеngth of thе Wеstеrliеs and thе

North Paсifiс oсеan High.

Most typhoons tеnd to advanсе toward
thе right, along 500 hPa uppеr-air сhar1
сontours 5,820 m to 5,860 m for thе
Nor1h Paсifiс oсеan High. Points of
vееr tеnd to сorrеspond to thе hеight
ridgеs for thе Nor1h Paсifiс High еx-
tеnding еast to wеst on thе samе air
сhart (Fig.5-1б).

' ;

Fig.5-16 Аdr.anсiпg соuгsс anсl  l -ссul\ , i l1t lге poiпr с l i tуphоon

Frequent region S--A Most frequent region

Fig.5.14 Arеaso1.tуphосlnfoгmation

Fig.5-15 Paths оf typhtlons
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Typiсal Ехtratropiсal Cyсlonеs Dеvеloping in Watеrs Neighboring Japan

:Li.:;

оoUrtesy of Japan |\,4eteoroIogiсaI Agenсy

In watеrs nеighboring Japan, many ехtratropi-

сa| сусlonеs Гoгm fгom autumn to spr ing. аnd

oссasionally grow to typhoon-strеngth lеvеls.

As shown in Еig.5- l7, thеy arе сatеgor izеd

into thе following thrее pattеrns basеd on ori-

gin and path:

East China Sea Lows

Japan Sea Lows

Twin Lows

; Birthplасe

, Paths of Iows

\

!" у>

\
,\

'\tro

Citirta Si

!. ig.S-17 |r l l lhs оt Lоrr 's
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. . . . . . . .
5.l MеtеorоlogiсirI Phеnоmеnа iп Wаters Nеighboгiпg Japtrn

Eаst Chinа Sea Lows

Thе Еast Сhina Sеa Lows originatе in thе Еast Сhina Sеa or nеar Тaiivan whеn thе rigid wintеr atmos-
phеriс pattеm of high prеssurr in thе wеst and lori'plеssurе rn thе еast abatеs in thе sеason from wintеr
to еarlу spring. Bесausе a сontinrntal high ехtеrrds to thе southеast. a рrominеnt trough is formеd and
frontal wavе stimulatеd. Duе to thе abor'е. thе lolr' dеr.еlорs raрidlr and porr'егfully whilе proсeеding

along thе southеm сoast of thе Japanеsе arсhipеlaеo' Pапiсularh. tlrе lorrs srr'еll signifiсantly aссompa-
niеd by vеry hеar,у sеas as thеy proсееd northеasn\-ard alоng thе southегn сoast of Japan at a spееd
ranging 50 km/h to 80 km/h. Еig.5- 1ll shoц s thе dеr е1оpinеnt sеquеnсе of an Еast Сhina Sеa Low.
Thе dеvеlopmеnt of thе 1oц. is еnorпlolts.

Fig.S-18 Еast Chiпa Sеa Lоws

A Gцide to Ship Hаnd|ing
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E!fiщ Metеorоlоgv fоr Sаfе Г{avigatiоn in Еxtrаtrоpiсal and Тrорiсаl Сyсiоnes (Stоrms)

Japan Sea Lows

Thе Japan Sеa Lows originatе in thе samе sеason and rrndеr thе samе atmosphеriс сonditions as thе Еast

Сhina Sеa Lows, i.е. bеtwееn wintеr and еarly spring in сonditions of high prrssurе in thе wеst and low

prrssurr in thе еast. Thе Japan Sеa Lows will dеvеlop rapidly as prominеnt troughs arе formеd in thе Japan

Sеa whеn the winter atrnosphеriс prеssrrre pattеm abatеs. Southеrly winds blow towards thе low and most
arеas of Japan arе сovеrеd with warm air (Fig.S-l9). If a high is prеsеnt to thе south of thе Japanеsе сoast,
afirrosphеriс tеrrrpеraturе will risе, сausing Strong gusts with vеry high sеas. This phеnomеnon is known as
thе vеmal storm. Howеvец thе supply of warm air is tеmporary and tеmpеraturе drops abruрtly onсе thе
wintеr atrnosphеriс pattеm aссompaniеd by thе сold nor1h wind rеfums in thе wakе of thе passing сold front.

сourtesy of Japan MeteoroIogiсal Agenсy
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5.1

. :::
Mеtеorologiсal Phеnomеna in Watегs Nеighboling Japan

Twin Lows

Thе Twin Lows appеar in thе sеason from Novеmbеr to Marсh' onr in thе north, and thе othеr in thе

south ofthе Japanеse arсhipеlago (Fig.5-20). Aftеr proсееdihg to thе еast sidе by sidе, thеy dеvеlop frш-

thеr and arе joinеd to onе low off thе Sanriku сoast. A Strong monsoon nеarly еquivalеnt to a typhoon

will follow behind this low aсоompaniеd Ь1'r.ery high sеas.

Fig.5-20 Twin Lows
сourtesy of Japan мeteoroIogiсa| Аgenсy
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Efi[@@ Mеtеorolоgy for Safе Navigation in Ехtratroрiсаl and Trоpiсal Cyсlonеs (Storms)

A. Аnother |oW is generated
on the oоc|uded front.

B. Another low is generated
topographiсalIy.

C. Тwo indeреndent lows are
proсeeding together.

Winter atmospheriс pressure сonfiguration

Thе typiсal wintеr atmosphеriс prеssurе сonfiguration of high prеssurе in thе wеst and low prеssurе in

thе еast apprars fтom Novеmbеr to Мarсh'

Whеn a сontinеntal high еxtеnds to сovеr Japan and a dеvеlopеd low еxists in thе northеast arеa offJa-

pan, thе wintеr monsoon grows strongеr and blows longег.

Thе wintеr monsoon blows strong bесausе thе prеssurе gradiеnt bесomеs sharpеr whеn thе high in thе

wеst and thе low in thе еast dеvеlop simultanеously (Fig.5-21).

Courtesy of Japan MeteoroIogiсal Agency
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5.1 Mеtеoroiogiсal Phenomrna in Watеrs Nеighboгing Japan

High-wave zone (off Nojima Saki)

In thе sеa Е}rеa rast of Japan (off Noji-

ma Saki), marinе сasualtiеs arе frrquеnt

duе to high Wavеs сausеd by thе wintеr

monsoon, whiсh prеvails in vast sеa

arcaand сan last a long timе.

As thе sоuthеm tip of thе uppет сold aiт

passеs ovеr this sеa arеa (Sее Fig.5-22.1,

thе fuфulеnt air flow сarrsrd by сonvес-

tion сurrеnts bесomеs prеdominant duе

tо thе largе diffеrеnсе in tеmpеrafurе

bеtwееn thе warm sеa surfaсо in thе

Kuroshio Currеnt and thе сold air of thе

uppеr laуеr. This will furthrr inсrеasе

wave height.

As shown in Fig.5.23, this high-wavе

arеa еxtеnds З0 to 37 dеgreеs north in

latitudе and 140 to 160 dеgrееs еast in

longitudе. oссasionally, this high-wavе

arra apprars in thе southwеst quadrant

at a сonsidеrablе distanсе from thе сеn-

tеr of a low (Fig.5-24).

Тhis faсt indiсatеs that, to dеtесt a

high-wavе arеa, thе movеmеnt of up-

pеr-layеr сold aiт should bе сhесkеd on

thе isothеrms of thе 500 hPa uppеr-air

сhаrt.

Fig.5.22 Southеrn ф of upper сold air

Fig.5-23 High-wavе zonе in the sea area east of Japan

Fig.5.24 High-wavе sесtоr in thе southwеst quadrant of a low
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@МеtеоrolоgуforSafеNavigatiоninЕхtratropiсalandTropiсalCусlonеs(Storms)

Mеtеorolo giс al lnformation

Whеn navigating undеr thтеat of a tropiсal dеprеssion or typhoon' a ship must сollеоt information from

mеtеоrologiсal' organizations and thеn utilizе thеsе data. A rough mеthod of dеtесting thе сrntеr of a

stоrm is known as Buys Ballot's Law: stand with your baсk to thе wind; thе сеntеr of low prеssurе will

bе from 15 to 30 dеgrееs for.ward from your lеft hand (Fig.5-31) in thе Northеm hеmisphеrе, and on
your right hand in thе Southеrn hеmisphеrе. This law is alsо appliсablе to еxtratrоpiсal сyсlonеs.

It is nесеssary to knorм thе rеlativе position ofthе ship to thе targеt tropiсal dеprеssion or typhoon to

minimizе its еffесts. Whеn a фphoon is moving northward and obsеrvеd wind dirесtion on board сhan-
gеs to сloсkwisе, thе ship is in thе right-hand sеmiсirсlе. If thе wind dirесtion сhanges to сountеr-

сloсkwisе, thе ship is in thе lеft-hand sеmiсirсlе of a фphoon (Fig.5.25 and Fig.5-26).

Fig.5-25 Wind dirесtion of typhoon (in thе forwa.сlpart;

Thе ratе of сhangе in wind dirесtion bесomеs

greater whеn thе distanсе bеtwееn thе ship and

thе сеntrr of thе typhoon is smallеr. Сonvеrsеly,

its rate of change beсomеs smailеr whеn thr dis-

tanсе bеtwееn thе ship and thе сеntеr of фphoon
grows largеr. A iargе ratе of сhangе in wind dirес-

tiоn also forеtеlls abrupt and drastiс dirесtional

сhangе in wind dirесtion (Fig.5.27).

With fеw еxсеptions, most ports and harbors

along thе southеrn сoast of lщan are еxposеd tо

dangеr duе to strong winds blowing towards thе

shorе whеn a typhoon, dirесting northетly or

northеastеrly, is passing to thе wеst of port.

Fig.5-26 Сhangе оf wind dirесtion
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Avoiding Tropiсal Storms (Typhoоns)

1. Dangerous and navigable semicirоles

Тhе right-hand sеmiсirсlе to thе path of a nphооr-r (iaсrng thе diгесtion torraтd rr'hiсh thе гу-phoon is

moving) is known as thе dan-sеrous sеmiсirсlе: hете. u.ind speеd iIrсrеasеs bесartse lr-rnd direсtion and

diтесtion of typhoon movеlnеnt aIе thе satnе. and thе ship rnay bе bloц.n toц.ards thе сеIltеI of tliе гy-

phoon (Fig.5-28). Whеn a r-vphoon is loсatеd in thе southеrn oсеan, at a distanсе from Japan. its stotm

arеa has a сirсular form. As thе пphoоn approaсhеs watеrs nеighboring Japan, thе stonn arеa ехpands

signifiсantly, and tеnds to еxpand prominеntly in thе еastеrn sеmiсirсlе. Strong winds and high wavеs

arе formеd in thе typhoon's southеast quadrant.

Fig.5-30 shows that thе high-wavе arеa prеvails in thе southеastеrn qtradrant. Thе lеft-hand sеmiсirсlе

tо thе path of a typhoon is сallеd thе navigablе sеmiсirсlе bесausе wind dесrеasеs duе to thе forward

motion of thе tуphoon (advеrsе to wind dirесtion), and thе wind blows thе ship away from thе ty-

phoon path (Sее Fig.5-29). Еven though it is сallеd thе navigablе sеmiсirсlе, it nеvеrthеlеss aссompa-

niеs thе Storm arеa, and suffiсiеnt сaге should bе takеn.

an

F ig.5.29 Nаviglrblе sеll l iсiгсlr

Тyphoon

Wind

Fig.5-31

Fig.5-30
oсеan rl ar е

сlrart оf tyрhоon

,arrd;\^

Buys Ballot Law
Northern Hemisohere
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@MеtеоrоlogyfоrSаfеNavigationinЕхtratrоpiсalandTrорiсalСyсlоnеs(Stоrms)

2. General ruIes for avoiding tropiсaI storms (typhoons)

Thе gеnеral rulеs for avoiding tropiсal сyсlonеs or tуphoons arе 
'summarizеd 

as follows:
(As фphoons arе mainly disсussеd in this сhapteц thе following ru1еs apply only to ships in thе Nofthеm hеmisphеrе.)

(a) If thе wind сhangеs to сloсkwisе, thе ship must bе in thе dangеrous sеmiсirсlе. If possiblе, thе

ship should plaсе thе wind on thе starboard bow (45" rеlativе), hold сoursе and makе as muсh

Way as possiblе to gеt out ofthе dangеrous zonе.

(b) If thе wind baсks thе ship, thе ship is in thе navigablе sеmiсirсlе. The ship should plaсе thе wind

on thе starboard quаrter 1135" rеlativе). hold сoursе and makе as muсh way as possiblе. (This

mеthod of avoidanсе is сallеd sсudding.)

(с) If thе wind rеmains steady or nеarly steady in tеrms of dirесtion, thе ship should bе in thе path of

thе фphoon, ahеad of thе stotm'S сrntrr. In this сasе, thе mastеr should dесidе in advanсе whеth-

еr thе ship is ablе to rntrr thr navigablе arеa ofthе typhoon safеly or not. Ifthis aсtion is dееmеd
praсtiсablе, thе ship should plaсе thе wind 2 points on thе starboard quaftеr (about 160. rеlativе),

hold сoursе and makе as muсh Way as possiblе. When wеll within thе navigablе srmiсirсlе,

sсudding is rесommеndеd.

(d) If thе ship is in thе сеntеr, or nеar thе cеntеr of thе tуphoon' thе ship should hеavе-to with thе

wind on thе starboard bow.

Heave-to: When the Weather beсomes so violent in

the open sea that сontinued navigation Wi|| |ead to

diffiсu|ty or danger, the ship сan heave-to (i.e. lie with

the wind on the stаrboard bow and run ahead at the

minimum possible speed for mаintaining steerage

wаy)' Тhe methоd by whiсh engines are stopped and

the ship is allowed to drift is known as Iying-to.

F.ig.5-32 shows thе mеthods for avoiding typhoons

in thе Nor1hеm hеmisphеrе; alphabеtiсal symbols

in thе figurе сotтеspond with thosе abovе.

Fig.5-32 Hоw to аvoid tyрhoоn

Today, thе Меtеorologiсal Agеnсy providеs ships

with information on oсеaniс mеtеorologiсal сonditions' Suсh as surfaсе wrathеr сhar1s, uppеr-air

сharts, oсеan wavе сharts, photographs from wеathеr satеllitеs' and so on. A1l arе еasy to obtain'

It should bе notеd that muсh of thе data from on-board wеathеr obsеrvations arе inсotporatеd in thе

Mеtеorologiсal Agеnсy's Wrathеr rеpofis. Thеrеforе, for thе pulposr of providing ships with moIе aс-

сuratе infotmation on oсеaniс mеtеorologiсal сonditions, wеathеr obsеrvations and rеpоrts will сontin-

uе to bе of vital impor1anое. Sеafarеrs arе rеquirеd not only to dеvеlop thеir mеtеorologiсal knowl-

еdgе' but also to sееk to realrize safе ship opеrations by making praсtiсal usе ofthis knowledgе.
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!ftfisfit Handling оf Spесial-Purposе Ships

Initial TurningAbility'Yarv.Cheсking and Coursе.KeеpingAbilitiеs 0f vеry Largе Ships

In thе past, ship manеuvеrabiliф was ехprеssеd in tеrms of results glеanеd from furning tests, suсh as

tactica| diamеtеr and advanсе' With thе dеvеlopmеnt of largе-sizеd ships with largе bloсk сoеffrсiеnts,

howеvец it has bееn rесognizеd that full Spесtrum of manеuvеring сharaсtеristiсs сannot bе ехprеssеd

by turning faсtors alonе, but that othеr faсtors, suсh as initial turning ability and yaw-сhесking/

сoursе-kееping abilitiеs, should also bе takеn into сonsidеration. Thе above manеuvеring mеasurеs

wеrе еxplainеd in gеnеral in Chaptеrl; thеir praоtiсal appliсation will bе еxplainеd in this srсtion.

A sсhеmatiс diagтam of thе 10"/10" zigzag tеst and rеlatеd faсtors arе desсribеd hЕig.|-22, Chaptеrl.

Initial fuming ability is rеlatеd to timе to sесond exесutr, tа; сoursе-kееping ability to timе to сhесk

yaw, ts; and yaw-оhесking and сoursе-kееping abilitiеs to ovеrshoot anglеs ar, and аz.

Tablе б-1 and Fig.6.4 - Fig.6-6 show thе сomparisоns of 10./10. ztgzag tеst for a 278'000-DWT

VLсC undеr variоus сonditions and for a сontainеr ship in full-load сondition. In thе tablе, taсtiсal

diamеtеr is shown as a multiplе of ship lеngth, L.

Table б-1 Rеsults zigzag l0"/10. tеst

'o1t}Еfl"" 278,шx}DWтvL@Ьз20m(ls.zкs) .E*тЁ":3Ь
l+^йа Full load BaIlast FuII loаd FuII load
llеllIэ 

H/d=oo НId=ф }Vd=1.5 Нld=оo

Тime to seсond
;;;й'йЁ) 68

тime to сheсk 1 15yаw, ts, (seс)
First overshoot.;ъ.Ё.;;аъъ].) 14

TасticaI diаmeter, Q 
^TD (multiple of L) e''

,f,
. ' : l : l l l l l : : .  . . ' .  .

r:]:]::i9il]t,,l
l:l:r:::l.i!:i::,.
' ::::rr lrr, lr.::. r l
",,'ll2:8: :,
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6.1 Мaneuvеrability of vrry Largе Ships

800 (seс)

0 200 400 600 (secl

Fig.б.4
Сompшison of 10"/10. zigzag tеst betwееn \|LСС аnd Сontainеr shrp (full-load соndition)

Frоm thе abovе tablе and figurеs, it

is known that:
. VLСCs have poor initial tuming

and сoursr-kееping abilitiеs, but
has good fuming ability' rеlativе to

сontainеr ships.
.Tuгning ability aлd manеuvегing

abilitiеs dеtеrioratе in fullload сon-

dition rеlativе to ballast сondition.
. Manruvеring abilitiеs dеtеrioratе

in shallow watеr сonditions (first

ovеrshoot anglе ехсеptеd).

Thе сontгol of a vеry largе ship

will also bесomе inсrеasingly dif-

fiсult whеn thе tшrning ratе has

bееn fully dеvеlopеd using a largе

amount of ruddеr dеflесtiоn. It is

important to сontrol thе ship's

turning ratе by putting ovеr thе

ruddеr gradually.
800 (seс)

s-З0

10
0

Sзo

10
0

-10
-з0

-50
P
s

- Heading angle

- Rudder ang|е

0

Fig.б.5
Сomparisоn of 10"/10" zigzag tеst bеtweеn VLСС in full-loаd аnd in ballast сonditrons

Fig.б.6
Сomparison оf 10. l1,0. zigzag tеst bеtween in dееp Waters and in shallow wateгs
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E[@@ Hаndling оf Spесial-Prrrpоsе SIlips

Nerv Сoursе Distanсе and Collision Avоidanсе Aсtion

In rеspeсt to nеw сoursе-kееping maneuvеring, сollision avoidanсе is sirnulatеd undеr

various сonditions for two full-loadеd 280'000.DWТ tаnkеrs making 15.7 knots and

mееting on rесipгoсal сoursеs' Applуing rеquisitе bridgе-to-bridgе distanсеs, thе rе-

sults arе summarizеd in thе following figurеs:

. ,- . t  l

400

'ФФ

b

(m)

-400

-800
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1.0 Naut iсaI mi|e (132 sес)
L

400 800 1 200

I

1 600

lрргt laсh (Сl , ,\)

280'000-DWт Tankers
Speed't5.7 kts

H/d: oo

Fig.6-7 Kеерing onе shi1l  lспcth t l i .с lс lsеst рOiПt Ot

(m)



-800

(m)

400

As shown in Fig.6-8, sufifiсiеnt сarе should bе taken for initial evasivе distanсе whеn navigating in

shallow watеrs, suсh as thе Malaссa Strait.

280'000.DWТ Tankers

(m)

400

0

-400

.'| .8 Nautiсa| mi|es (214 seс)
t .  _

I2o0 1600 2o0o 
-'-.)4Й'..*Э

Fig.б.8 Kеeping onе ship length of сlosеst pоint of apprоaсh (CРA) with hard ovеr hеlm by own ship

1.6 Naut iсal  mi les (186 seс)

Speed 15.7 kts
H/d: 1.5

2..| Nautiоalmiles (318 seс)

A Guide to shiг нandIins 
| 

.|2.1



!ft[s@ Handling of Sрeсial-Purposе Ships

Fig.6-9 shows a simulatеd rеsult whеn passing еaсh othеr by kееping onе nautiсal milе of сlosеst point

oГapрroaсh in opеn sеа.

Еaсh еvasivе сoursе-сhanging anglе has сhangеd to 20" to starboard with using 10. ruddеr to starboard
whiIе сontгoll ing thе fuгning ratе.

Еaсh should takе thе initial evasivе aсtion at thе bridgе-to-bridgе distanсе of 3.8 nautiсal milеs.

(m)

1 000

0

,1 000

-2000t:.

Fig.6.9 Kееping one nautiсal mile of СPA eaсh taking еvasivе сoursе-сhanging anglе оf 20 degrеes

280'000-DWт Таnkers
Speed 15.7 kts

H/d: oo



6.1 Manеuvегability of Vеrу Largе Ships

Spееd Control

Assuming that a ship is approaсhing its bеrth using a dесеlеration manеuvеr' spееd and distanсе сov-

еrеd arе dеsсribеd in Fig.6.10 aftеr thе main еnginе has bееn stoppеd and thе ship is making 6 knots.

Approximatе distanсе сovеrеd by thе time ship spеed is rеduсеd to 2.5 knots, thе сritiсal speed at

whiсh ruddеr еffесtivеnеss is nеarly lost, (Kt)

сan bе obtainеd from thе diagram (2,800 m 5 
6

for a l60,000-ton tankеr; and 4,000 m for a 
} s

280,000-ton tankеr). -З- o
Timе rеquirеd for spееd rеduсtion is also 

Б
shown as a funсtion of displaсеd wеight and 

^ :
distanсе run. (For еxamplе, a 160'000-to" ,')

tankеr rеquires approximate|у 22 minutеs

for its spееd to dесеlеratе tо 2.5 knots; '

whilе a 280,000-ton tankеr takеs approxi- 0

matеlv 30 minutеs.)

)laсement - 280'000ton
'** 160,000ton-
- 90.000ton

t

\. >
\ 

-<\
х 

a

r ln
T0min-'

iomin. ' '
I

1000 ' 20i00 3000 4000
Distanоe run (m)

Fig.б-10 Dесеlеrationdiagram

In aссordanсе with thе Standards for Safец-\Ianagеmеnt Systеm (sMS), thе following prесautions arе

rеquirеd during dесеlеration manеuvеrs ц'hеn a ship is approaсhing a bеrth in harbor or an anсhoragе

outsidе a harbor:

. Ship spееd should bе rеduсеd gтaduallу. adjusting to thе rеmaining distanсе.

. Ship should not ovеrshoot thе targеt dеstination.

. Ship should bе brought to a stop rr-ith dirесtional сontrol bеing kеpt stablе.

It should bе notеd that hеadway and dirесtional сonffol arе diffiсult to maintain drшing suсh manеuv.

ers, a сondition еxaсеrbatеd by poor stеегing ability at low spееd. Thе spееd reduсtion sсhеmе shown

in Fig.3-34 in Chapter 3 may provе hеlpful whеn it сomеs dеоеlеration manеuvеrs.

Thе movrmеnt of vеry largе ships сannot bе сontrollеd using сonvеntional ship-handling tесhniquеs

a1onе. As suсh, attеntion should bе paid to maintaining dirесtional сontrol using vеrifiеd numeriсal

data and rеadings from a yaw ratе mеtеr.

Vеry largе ships arе characteized as 
.,good tuming ability, but ехtrеmеly poor сoursе-kееping and ini-

tial turning abilitiеs.''

It is hopеd that you kееp safе ship handling in mind, firmly grasping the abovе-mеntionrd manеuvеr-

ing сharaсtеristiсs ofvеry largе ships.
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!ft!s@ Handling оf Spесial-Purpose Shiрs

Introduсtiоn

Suсh ships, typiГrеd by Purе Car Carriеrs or Car-fеrriеs, arе сharaсtеrizеd as a spесial dеsign сharaсtеr-
izedbу a high frееboard, with a signifiсant arеa of thе hull and supеrstruсturе abovе watеr as comparеd
to thе undеrwatеr hull.

This mеans that wind has a signifiсant impaсt on thе hull and that thе bow wavе has a muсh grratrr еf-
fесt on thе largе flarеd bow.

Partiсular attеntion shоuld bе paid to typhoons or approaсhing low fronts, as thеy сan rеsult in loss of
manеuverability duе to thе ship bеing buffеtеd by strong winds and wavеs; dеtеrioration of ruddеr еf-
fесtivеnеss as thе rеsult ofheavy rolling and pitсhing; and grеatly rеduсеd spееd сausеd by prоpеllеr

raсing, whiсh in furn may make it diffiсult to maintain сontrol ovеr thе main еnginе. Thеsе vеssеls arе
alsо susсеptiblе to anсhor dragging duе to strong winds.

Тhеrеforе, it is important to grasp wind еffесts and undеrstand the manеuvеrability limits thеy imposе.
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Hull StructureProperties of PCCs

Тo maхimize vеhiсlе-сarrying capacitу,

а PСС is dеsignеd as a rесtangu|ar-tуpe

hull struсturе With high fl.ееboard' with

an еnoгInous area of hull and supег-

structurе abovе watеr as сomparеd to

the undelwater hull. Sinсе thе PСС hull

form is distinсt from thosе of tankегs

and сontainеr ships, PССs arе allvays

vulnеrablе to thе еffесts of rr,ind, rе.

gardlеss of thеir load сondition.

Prinсipal partiсulaгs of thе PСС arе

shown in Таlrlе 6-2.

Length over all (LOA)

Breаdth extreme (B)

Depth moufded (D)

Summer draft

Draft Designed draft

Ballаst сondition

Anсhor Weight (AC14 type)

Weight
Gable

Length

190m

32.26m

37'41m (саrgo deck top)

14325m

8.325m

7.50m

8'З25 kg

143.7 kglm

687.5m (l2l13 shaсkles)

Tab|е 6-2 Pг inсiр lr l  pагt iсLt lагs о1'thс rrrоt lе] PСС (6. l()()-unit  с l lр; lс i11')

Typiсal symbols, suсh as Aa and Ba arе dеfinеd as shown in Fig.6-l l.

As shown in Еig.6.l l ' thе projесtion of a full-sizеd PСС's midship abovе-watеr sесtion has an approxi-

matе valuе ranging from 950 m2 to 1,050 m2.thе valuе for thе latеral planе of symmеtry rangеs from

5,500 mu to 6,200 m2.

5,500-6,200m2

I

.. .... ..]. 
.AЧ:

Baв

.  . . . .

Aaв l of фoпяэqffir eoЩч om чftdфm щ
Projeсtion of underwater portion on midship

Еig.6-11 Fгotrt  аnсl  s iс lс pгt l jесt iot ls o l .abor, 'е-rvatсг а l ld tt trdсгwlttеt.  1 loгt iоns oI.РСС--s
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!ftfl@ftt Handling of Spесiаl-Purposе Ships

Tablе 6-3 сomparеs a PСС, a сontainеr ship and a tankеr, еaсh in loadеd сondition. Thе ratio of thе
front projесtion of thе abovе-watеr portion, Aa, is сomparеd to that of thе undеrwatеr portion, Aw, and
thе ratio of sidе projесtion of thе abovе-watеr portion, Ba, to that of thе undеrwatеr portion, Bw. Тhе
wind еffеоt on a PСС is about 1.2 times (з.|12.6= 1.2) on thе front viеw and l.5 timеs (2'9l|.9=|'5)

on thе sidе viеw as сomparеd to a сontainеr ship. Thе tablе also indiсatеs that thе wind еffесt on thе
PСС is aЬo:uj 2.6 timеs on thе

ttont v iеw and 3.6 t imеson thе Ship 
Item

sidе viеw as сomparеd to a PCC (6,400-unit сapaсity)
tankеr. So, a PCС is highly

susсеptiblе to thе еffесts of сontаiner ship (6'000-TЕU)

wind. Tanker (2з0'000-DWт)

Thble б-3 Pтincipаl partiсulars of thе Modеl PCC (6'400-unit сapaсrty,;

Wind Еffесts on PСС whilе Underway
.|. Wind forсe (Resultant wind forсe) on PCC

Thе wind forсе aсting on еaсh portion of thе hull diffеrs aссording to thе shapе of thе hull and thе rеla-
tivе wind dirесtion. Howеvец ship opеrators dеal with еaсh loсal wind forсе as an intеgratеd valuе. This
unifiеd forсе is tеrmеd thе rеsultant wind forсе aсting on thе working point. Thе rеsultant wind forсе
aсting on thе hull is сalсulatеd by thе formula dеvised by G. Hughеs as shown in F.ig.б-12. ca in this
еquation is thе rеsultant wind forсе сoеfftсiеnt, its valuеs varying with thе rеlativе wind dirесtion off
bow. Thе сurvе obtainеd by plotting thеsе valuеs shows thе samе trеnd dеpеnding on thе фpе of ship.

Simplified formula of wind resultant forсe (F)

F = 112' P '  ca. V2 (Aa .  сos2 0 +Ba. s in2 0)
p : Speсifiс density of air (0.125)

Ca: Resu|tant wind forсe сoeffiсient
a : Distаnсe of the сenter of wind forсe from bow (m)

C : Center of the wind forсe

Aa & Ba: Projeсtion of above-water portion (m,)

Fig.6-12 Simplifiеd foгmula оf wind rеsultant fоrсе and rеiatеd еlеmеnts

Front ratio (Aа/Aw) Side ratio (BalBw)
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6.2 ManeuvеraЬilitу ol Рurе Car Carriеrs (PСCs) _Wind Еffесts

Тhе rеsultant wind forсе оoеffiсirnt of PССs сan roughly bе obtainеd from Fig.б-13. Thе working
point of wind forсе' loсatеd at a distanсе of a from thе forе pеrpеndiсular (FP), movеs with the wind

dirесtion. Whеn thе rеlativе wind dirесtion is nеar thе dirесtion of thе bow, thе woгking point is at thе

position nеar thе bow, moving abaft as thе anglеs of rеlativе wind dirесtion offbow inсrеasе.

2.0

1.5

1.0

0.5

0.0

Wind direоtion (d)
Fig.6-13 Rеsultant wind forсе сoеffiсiеnt (Ca) of PСCs

Thе rеsultant wind forсе aсting on thе working point variеs with wind spееd and dirесtion, rеaсhing a

maximum whеn thе bеam wind is aсting on thе largеst wind-affесtеd arеa. In thе сasе of thе modеl

PСС, as shown in Fig.6-14, it сan rеaсh 290 tons undеr a wind spееd of 25 m]s and a rеlativе wind di-

rесtion of90 dеsrееs.
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0

Re|ative Wind direсtion
Fig.б.14 Rеsultant wind forсе vs. wind speed and relative wind dirесtion

б
O

Ф
Е
o()
с)()
o

с
=

Ф=эФ
Е

с
o

с)
L

o
ос.;

с
Ф=эФФ
E

A Guide to ship наndl ing 12



!ft!@ftt Handling of Spесial-Purposе Ships

2. Leeway аnd сheck helm for mаintaining straight сourse

Whеn thе wind bеgins to blow from thе starboard bow whilе undеrway, tшrning momеnt to pоrt is еxеr-

tеd duе to thе rеsultant wind forсе on thе working point. Howеvеr, whеn thе wind shifts its dirесtion

abaft the bеam, turning momеnt to starboard is

еxеrtеd duе to thе baсkward shift of thе work-

ing point (Fig.6-r5). Whеn thе wind from thе

starboard bow сontinuеs blowing on thе ship

underway, its bow is swеpt away downwind by

thе tuгning momrnt to port. Duе to thе drifting

of thе hull to lrеward, thе flцid forсе from thе

pоr1 bow on thе undеrwatеr hull сausеs thе

tuming momеnt to starboard. If thе working

point of wind forсе is loсatеd abaft that of fluid

fоrсе' thе ship's bow tеnds to turn into thе wind.

Lееway is dеfinеd as thе anglе (f.) bеtwеen

thе linе of thе ship's apparent оoursr (thе bow

hеading) and thе linе that thе ship aсtually

makеs good through thе watеr (Fig.6-1б).

Whеn navigating a width-сonfinеd сhannеl

undеr thе influеnсе of wind and tidal сurrеnt,

prudеnt ship handling is rеquirеd in сonsidеra-

tion of lееway. For this purposе' thе ship is rе-

quirеd to takе a littlе morе windward сoursе

than thе plannеd оourse in ordеr that thе ship's

сеntеr of thе gravity may rеmain on thе plan-

nеd сoursе linе.

Lееway will inсrеasе, as thе wind spееd grows

strongеr or thе ship is making lеss spееd.

In this сasе, ship handling is requirеd to adjust

lееway by сhесking thе ship's position frе-

quеntly. Howеvег. whеn navigating a naггоw

сhaшеl' thе ruddеr anglе to bе dеflесted is

limitеd to 15 dеgrееs against thе ship's maхi-

mum ruddеr anglе of 35 dеgrееs. Around 20

dеgrееs of ruddеr anglе must bе rеsеrvеd for

safеty rеasons.

-+ Ship,s heading

* ship," p.th

Э F|uidforсe

f Wind forсe

O Center of fluid force

o center of wind forсe

ф Center of gravity

W

Win*

тuring moment
by wind

Turing moment
by wind

>=-

W!шrj

Fig.6.15 Turning momеnt by wind
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3. Gontrollability limits of PGC in wind

When thе wind speеd is inсrеasing or thе ship is making lеss speеd on thе bеam wind, thе outсomе of thе
magnitudе of lееway with ruddеr hеld amidsЫps is shown in Fig.6-u. Fоr ехamplе, whеn a wind of 15 m/s
is blowing and thе ship is making 12 knots, lееway will appгoximatеly bе 7 dеgтееs, but whеn thе ship
spord dесrеasеs to 8 knоts' lееway inсrеasеs to 1 5 dеgгееs.

30"

25"

20"

15"

10"
7"
50

0"

Ship speed (knot)
Fig.6-|7 Lееway as funсtions of wind and ship spееd (bеam wind; rudder held amidships)

Tablе 6-4 shows thе amount of сhесk hеlm rеquirеd to maintain a straight сoursе. Thе ship will losе its

сontrollability on a bеam wind of 10 m/s with a ship spееd of 4 knots. Whеn making 6 knots, thе ship is

сontrollablе undеr thе samе wind сondition, but thе rеquirеd ruddеr dеflесtions of сhесk hеlm сan rеaсh

21 dеgrееs.

Ship speed (kts)

Wid speed (m/seс)

r0

15

20

25

й

oo: Rudder ang|e > 35 deg. (It means beyond сontrol) Ж Under сontroI l Beyond сontroI

Thblе 6-4 Rеquiтеd сhесk hеlm for kееping straight сoursе
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!frfi!@ Handling of Spесial-Purpоsе Ships

Fig.б.l8 (a) and Fig.б-l8 (b) show thе сontrollability limits of a PСС in strong wind сonditiоns. In thе

figurеs, thе ruddеr dеflесtions of сhесk hеlm rеquirеd to kееp a straight сoursе arе shown as funсtions

of wind dirесtion, and thе wind spееd Va tо ship spееd Vs ratio,.i.е. ValVs, from onе to fivе.

Fig.6-18 (a) shows thе сontrollability limit whеn thе maximum ruddеr dеflесtion is set to 35 dеgrееs'

Thе ship will bе unсontrollablе in thе rеgion from 70 to 160 dеgrееs whеrе thе Va tо Vs ratio is 5, and

from 100 dеgrееs to 135 dеgrееs whеrе thе Va tо Vs ratio is 4. In сasе of a 15-dеgrее limitation on

maximum ruddеr dеflесtion, as shown in Fig.6-18 (b), thе rеgion of сontrollability bесomеs muсh nar-

rowеr than in thе сasе of a 35-dеgrее limitation. For еxamplе' whеn thе ship is making 10 knots undеr

a wind of 30 knots, i.е. thе Va to Vs ratio is 3, thе ship will bе unсontrollablе in thе rеgion from 75 dе-

grrеs to 150 dеgrееs offbow in сasе of a 15-dеgrее limitation on maximum ruddеr dеflесtion.

(i) Maхimrrm ruddеr dеflесtion
35 dеgrееs

Va: Wind speed
Vs: Ship speed

Unсontro||abIe region

сontro||abIe region

with 35-degree
rudder angle

30"

E
б
-с
х()
o
-с

60"

50"

40"
З5"
30"

20"

10"

0"

ij;;.l \.tg :::Ё

60" 90" 120" 1 50" 190'
Wind direсtion

0

60"

50'

40"

30'

20"
lэ

10"

о_with 1S-degree
rudder angle

Е
б
-с
-Y(J
с)
-с()

(b) Mаximum ru<lсlеr сlеflесtion
15 degrееs

0"
0 30" 60' 90" 120' 150" lg0"

Wind direсtion
Еig.6-18 Rеquirеd сhесk hе1m tо kееp straight сoulsе as funсtions of wind diтeсtion ant1 wind spееd rаtio 1vа/vs;

ValVs =3

ValV

A*r*J=l
:\
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6.2 Мanеuvеrability оf Purе Car Carriеrs (PCCs) _Wind Еffесts

Fig.6-19 shows thе сontrоllability limits of various ship typеs whеn thе maximum ruddеr dеflесtion is

limitеd to 30 degтеes. As wе сan sее, the PCC has a narrowеr rеgion of сontтollabiliф than othеr фpеs
of ship. For еxamplе, thе сritiсal whd spееd on a tаnkеr in ballast сondition is 5.0 timеs as muсh as

ship spееd' whilе that on a PCС is approximate|у З.6 timеs as muсh as ship spееd.

6

5,0-. . . 'з

10

Eo)
Ф
o-Ф
.g
-ссл
оФс)
o-
сl)

E
C

=
U'

б

4
З.6

2

0

Controllable region

30" 60' 90" 120" 1 50" 1 90"

Relative wind direсtion

_ vlсc (23o'00o-Dwт) bаl|ast

- сontаiner ship (1'8o0-TЕЦ

- Рсс {6'40о-Unit сарасity)

Fig.6.19 Controllabiliц' limits of r агiоus t\ pеs of ship (30-dеgrее ruddеr dеfleсtron)

4. Mаneuvering assistanсe for PCc

Whеn thе ship is swеpt away downwind by strоng wind, a bow thrustеr may bе usеd for hull сontrol. In

suсh a сasе, it should bе notеd that thе pеrmissiblе maximum ship spееd is limitеd to about 4 knots or

lеss. Мorеovец undеr strong wind сonditions whеre manеuvеrability is rеstriсtеd in a harbor оr fair-

way, assistanое by tugs shouldbе takеn into сonsidеration.
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5. Тurning of PcC under strong wind
With tuming in сalm сonditions as rеfеrеnсе, thе turning of a PCC is invеstigatеd whеn thе wind inсrеa.
sеs spееd to 2, З and 4 timеs as muсh as initial ship spееd. Еaсh initial speеd is sеt as 11.6 knots (6 m/s).
F'ig6-20 shows thе fuming traсks, inсluding thе furning traсk in сalm сonditions, undеr thе abovе wind
spееd сonditions whеn thе wind is blowing 0o, 90", |8o", 2,7o" from thе approaсh сoursr.
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Va:Wind speed
Vs: Ship speed

=11.6kts (6 m/seс)
_ сalm сondition
* ValVs:2
- ValVs:3
- ValVs:4

Va:tlУind speed
Vs:Ship speed

=11.6|rts (вmlsec)

- сatm сondition
- Va/Vs:2
- Valvs:3
* Va/Vs:4 '
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6'2 Manеuvеrabilitу of Purе Caг Cаrriеrs (PCCs) _Wind Effесts

As shown in thеsе figurеs, furning abiliф of a РCC is geat|У influеnсеd by wind. As thе Va to Vs ratio

rraсhrs 4, thе ship сan entеr an unсontrollablе rеgion dеpеnding on rеlativе йnd diтесtion, and somе

PCCs havе еxtrеmе diffiсultiеs for еxесuting turning manеuvers. Due to thе uniquе manеuvrring сhаr-

aсtеristiсs of the PCC as mеntionеd in this subsесtion, it is rеquеstеd that PCCs bе opеratеd safеly by

taking maneuvеrability limits into сonsidеration.
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Va:Wind speed
Vs:Ship 6рed
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Fig.б.20 Tuming of PCC undеr strong wind
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!ft!fis Handling of Spесial.Purposе Shiрs

Wind Еffесts on Pсс at Anсhor

.t. Introduсtion

Anсhoring has alrеady bееn disсussеd in Sесtion 3.l. This sесtion will prеsеnt

сonоrеtе еxamplеs of thе safе anсhoring of wind-pronе PCCs. A ship at anсhor im-

paсtеd by thе wind will pеriodiсally swing around thе anсhorеd position. Howеvец

as thе еxtеrтtal forсеs еxеr1еd by thе wind and/or tidal strеam inсrеase' thе risk of

dragging anсhor risеs. A PCС at anсhor is in grеat dangеr of dragging anоhor duе to

its vеry largе wind-affесtеd arеa. Suffiсiеnt сarе should bе takеn to avoid suсh an еvеnt.

2. Ho|ding power of anchor and сable

Thе anсhoring systrm and holding powrr of a ship riding tо a singlе anоhor arе shown in Fig.3-8

in Sесtion 3.1. Thе holding powеr сoеffiсiеnts оf anсhors (ia) arе gеnеrally takеn as 3.5 for thе

JIS tуpе, and,7.0 for thе АС|4 tуpe. Howеvеr, еxpеrimеnts show that thе сoеffiсiеnt of thе AC14

typе anсhor may dесrеasе its valuе bеtwееn 2 and З, dеpеnding on sеabеd сonditions, еspесially a

sеabеd typifiеd by thе prеSеnсе of sеdimеntary slimе. Carе should bе takеn to adjust to dеtеriora-

tion of thе holding сoеffiсiеnt. Thе friсtional соеfГrсiеnt of thе сablе is normally takеn as 0.6.

Aссording to thе prinсipal partiсulars of thе modеl PСС in Tablе 6-2, thе holding powеr of thе AС

\4 Iуpe anсhor is еstimatеd at about 58 tons, (la.Wa _,7.0x8,З25+58.l0з kg) and thе сablе,s

holding powеr is еxpесtеd to bе about 12 tons whеn thе laid down part (holding par1) of thе сablе is

5 shaсklеs (, lс .wс. l  :0.6х|4З..7х2,7.5x5 Ч tzxt0з t<g).

3. Length of сab|e to be paid out аnd сatenary

Мaximum anсhor-holding powеr теquirеs a suffiсiеnt lеngth of сablе bе paid out tо prеvеnt thе anсhor

frоm bеing pullеd upward by horizontal еxtеrnal forсе. Thе lеngth of thе сablе forтning a caIenary

should bе еqual to that of thе paid out сablе, i'е. a minimum nесеssary lеngth of сablе to bе paid out

(Fig.6-2r). Еxсеss paid out сablе is laid down and sеrvеs as a hоlding part оf thе сablе (sее Fig.3-8).

Assuming еquilibrium bеtwееn thе horizontal еxtemal forсе on thе ship and thе holding powеr оf thе

anоhor (Fig.6-21), Fig.6-22 shows thе rеlationship bеtwееn thе lеngth of сablе to bе paid out as a сat-

еnary and thе dеpth of watеr. For еxamplе, assuming that thе holding powеr of thе ship's anсhor is

еquivalеnt to a 60-ton anсhoц and watеr dеpth for anсhoring is 30 m, thе lеngth of thе сablе to bе paid

out is morе than 190 m (about 7 shaсklеs).
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Fig.6-21 Еquilibrium сondition brtwееn еxtеrnal fоrсе
and anсhor-hoiding power

10 20 З0 40 50
Depth of water (m)

Fig.6-22 Watеr dеpth and lеngth of сablе to be paid out

4. Ship's swing motion at anсhor

Ship's swing motion at anсhor and impulsе forсе wеrе еxplainеd togеthеr with a figurе in Sесtion 3.l'

Anсhorins.

5' Danger of dragging anсhor

Duе to impulsе forсе and'/or Subsеquеnt strong wind strеss' thе ship may bе at risk of dragging anсhor.

Thе dangеr of dragging anсhor for a PCC riding tо a singlе anсhor is invеstigatеd for a ship еquippеd

with thе anсhor offеring 50 tons of holding powеr. In thе сasе whеrе сablе tеnsion rеaсhеs its maхtmum

limit duе to swing motion, thе impulsе forсе on thе сablе оan bе еstimatеd by multiplying thе wind

forое on thе front viеw by thе swing сoeffiсiеnt, n. Thе valuеs for swing сoеffiсiеnt, n, arе takеn as 5

for PCCs, and bеtwееn 2.5 and 3.5 for othеr ships. Givеn an average wind spееd of 13 m/s, сritiсal and

thе maхimum wind spееds will statistiсally bе about |6.2 rn]s and 18.2 m,/s' rеspесtivеly. Calсulations

indiсatе that thе front viеw of a PCC will suffеr a wind forсе of 9.8 tons. If thе swing сoеfftсiеnt is

takеn as 5, a maximum tеnsion of 49 tons (5x9.8) will bе ехегtеd on thе сablе. Undеr thеsе сonditions,

an anсhоr with 50-ton hоlding powеr wi1l bе r,ulnеrablе to dragging. Aссordingly, whеn a PCС is riding

to a singlе anсhor of 50-ton holding powеr, prесautionary mеasurеs should bе takеn to prrvrnt anсhor

dragging сasе whеn avеragе and maximum wind spееds rеaсh approximatеly 13 m/s and 18 m/s.

Tablе 6-5 shows avеragе and maximum wind

spееds that сan lеad to anсhor dragging (сatе- Swiпg coeffсient o* 
Ё}g.Б*а 

маx. winа sгeed

Whеn thе wind is bесoming strongеr and 
'=. ]..::::;iliiii]]]i]]lli''...ltg. ....'''... '...'......'...'T']I'........'.......wind spееd rеaсhеs alеrt lеvеls, mеasurеs for ;1;;::|l;ili];:::i|iiiiiii'.''...''...',...''...]]:]il] :::lil:]]:::|ii]i]l]]]]:::]::]]'|:::::::]]:

avoiding dangеrous sifuations should bе tak- 
n=s !|ос.] ..'' .....l1..]... . ''.''.. -..............l.:.l.;;;;;i;;1;1111:l

powеr by paying out morе сablе or bу taking Gust faсtor: 1.4

rеfugе offshоrе with thе anсhor hovе up. Tablе 6-5 Dangerоus wind spееd of dragging anсhor
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!ft!@ff! Handling of Spесial-Purposе Ships

6. Safe measures for preventing dragging anсhor

Mеastшes for avoiding dragging anсhor rеfеr to thе mеans by whiоh to сontrol a ship's swing motion as

indiсatеd in Sесtion 3.1 of Chaptеr 3, while a full lеngth of сablе is paid out to inсrеasе an anсhor's

holding powrr. In this sесtion, thesе mеasurеs arе shown with briеf ехplanafions and illustrations.

(a) Swing.сhесk anсhor

A swing-оheсk anсhor is used to-

gether with another anсhor low-

еrеd to around onе-and-half

dеpths of watеr on its сablе. This

method сan reduсe the maфtude

of swing motion by about 50 pеr-

оrnt.

Fig.6-23 Swing-сhесkanсhor

ф) Tho-anсhor mooring

[n strong wind сonditions, sw.ing

motion сan also be сontrolled by

mooring to two anсhors instead

of riding to a single anсhoц a

measure that reinforces holding

powеr. Thе opеn anglе bеtwееn

thе anсhors should bе gтeater

than 60 dеgrееs. Two-anсhor

mooring is еffесtivе whеn thеrе

is little сhangе in wind dirесtion,

but abrupt dirесtional сhange iл

w.ind direсtion as in a typhoon

may put the ship at risk of foul-

ing its anсhor.

1з6 I A Guid6 to ShiP Handling

Fig.6-24 Two-anсhormоoring
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(с) Adjusting ship's trim-by-thьhеad

Trimming-by.thе-hеad, a mеas-
urе that shifts thе сrntеr of gravi

ty forward as far as pоssiblе, is
another mrans for rrduсins thr
risk of anсhor dragging.

(d) Using bow thrustеr

Usе of a bow thrustеr сan rеduсе
swing motion сonsidеrably; thе
bow thrustеr is usеd to matсh thе
ship's hеading with wind dirес-
tion as muсh as possiblе.

Fig.б-25 Tгimming-by-thе-hеаd

Fig.6-26 Using bow thrustеr
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6.2 Мaneuvеrabilitу of Purе Car Carгiеrs (PCCs) _Wind Еffесts

!ftfisfi! Handling of SресiaЬPurposе ships

Summary for Manеuvеrability of Purе Car Carriеrs (PCCs)

Bесausе thе modеrn Purе Car Carrirr (PCC) has thе disproportionatеly large above-watеr hull and su-
pеrstruсturе сomparеd to its undеrwatеr hull, wind foтсе has a disproportionatе impaсt on thе ship,

lеaving it in dangеr of losing manеuvеrability undеr its own powеr and еquipmеnt.

When suсh a ship is navigating stormy seas, ship oprrators should undеrstand thе limits on manruvеr-

ability сausеd by thе wind. It is also important that avoidanсе of dangеr bе undеrtaken at thе еarliеst
possiblе momrnt.

This is еspесially important whеn a ship is rеduсing spееd to еntеr or lеavе port, whеn thе еffесt of thе

wind is magnifiеd.

Dеpеnding on thе situation, thе ship opеrator is rеquеstеd to plaсe a priority on safе оpеration of thе

ship' suсh as rеquеsting fug assistanсе if nесеssary.

1з8 l A Guidэ to Ship Hаndling
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Maritimе Traffiс Safеtv Law

1. Appliсablе Waters

lnland Sea&Osaka Bay

2. Trafflс гoutе

Uraga Suido Тokyo Bay Utaka Еast Inland Sea

Nakanose Tokyo Bay Utaka West Inland Sea

lrago Suido lse Bay Mizushima Inland Sea

Akashi Kaikyo lnland Sea Bisan Seto North Inland Sea

Bisan Seto Еast lnland Sea Bisаn Seto South Inland Sea

Kurushima Kaikyo Inland Sea
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o Gеnеral Stееring and Sailing Rulеs

a) Vеssеl navigating traffiс routе
lD Vesse| navigating the traJfiс route
|D Vesse| not naviagating the traffiс route

3. Modеs of Navigation

A Guide to ship Hаndling Annex

A Guide to:ship }|аndling

ж тraffiс route
pp Course of the route

b) Givе-way vеssеl and Stand.on vеssеl in Traffiс routе
(D Stand-on VesseI , О Give-way Vesse| ж Traffiс route p} сourse of the route

Mееting Power-drivеn vеssеl

Approaсhing Sailing ship

ovегtaking

Hugеvеsse1&
Fishiщvеssеl"

Avoid

д--Y
Avoid

-Y
Avoid

тТ
o"l. &s"rins"n,p

т
Avoid fr .,"n,nn u"""",

W

| 
141
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с) obligation to Naviagation Traffiс Routеs

d) Rеstriсtions on thе Spееd of a Vеssеl

&{аxiкlшrn
Sрееd
l?*Ктtоt Zо*е

s.t:р
.:::a iill:

;li',,,i*,
r::: liirrl

g

^ll. f '

50 m or More

\:
1:
) '

' Bousou
: :penimula::

Less than 12 Knots

Less than 12 Knots

Isе Baу

lnland Sеa i

t1[i.:

"

-. Bisan Seto South T.R.l .- -

fl"
"iуiSakaide

Pofr
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|^ 

Guide to shiр нandl ing



e) Signalling whеn ovеrtaking Anothеr
lD Stand-on Vessel {Э Give-wayVesse|

A Guide to Ship Handling ;anli:'t1*S

DDD Course of the route

Vеssе1
Traffic route

Whistlе 
- 

: f

- 
-----+

-J 

Э

П-l l

Э=\ Э D}D+

Whistlе 
- 

:

Ч

lanlr_тl i  E 

- 

f

f) Indiсation of Dеstination
Vеssеl shall indiсatе its dеstinationin thе following сasеs:

to Starbоard and сlеaring T.R.
to Starboard аnd еntегins anothеr T.R.

Altеring сoursе to Starboard bеforе passing Ехit buoy.

сoursе Port bеforе passing Ехit buoу.
buoy is thе first buoy outsidе oftraffiс routе')

<<< I.-Т
.-_.О-

>>>

E'
llj

\t
V lР

Nakanosе Т.R. i
Iragо Suido T.R. l
Цl*i5зilry"T'l. -]
Nakanose T.R. 

i
Irago Suido lR. ]. l
Сгossing zone ]
Мiashima Т.R. and l

I

Bisan South/North i
I

Tokyo Bay
Isе Bay

}]зd-l"з
Uгaga T.R.
lnlmd Sеa- .rrП 

1

I ] i Altеring corrrsе to Port and entеring another T.R. ]
:

. .E--,  СrosstngТ.R.

-  
i . . - .

Uгaga Suidо T.R. 
]

Inlmd Sеа l

A l Сrossinд Bisan South T.R. from south and
---- AItеnng сourse to ьtarDoaro anс еnteпng

B : мizustiima т.к.

Critеria for Drstination

Following Maritimе Traffiс Information Chаrt to bе рrеpared.
. Whist|e during night. Awni*e "д" B wьist|e "в. тraffiс route
ф} Course oJ the route - - - - Base |ine at exit of т.R.

osoцthеmPartofTokyoWm H-301-Brgg olseV/m(Isеbay) I{.302-BW
.Noтthеm Pаrt ofТфoWm H-302.BW .osakаWin(os:аkabф н.305-Bw

Signal

A Guidэ to Ship Handling | 14l
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8) Modеs of Crossing Taffiс Routеs

Thе аbоvе сrossing vеssеl may maintain more than 12 Knоts

h) Rеstriсtion on Еntеring or Lеaving or Crossing Traffiс Routе

/ш 
Rеstriсtion Zonе

No Еntеring Т.R. Nо Lеaving Т.R. Nо Сrоssing Т.R.

Tоkу'о Ba1. 
^.$:-

*ua"to

оIn thе сasе oftraffiс routе

l 2-Knоt Speеd Restriсtiоn Zоne

90 deg
as сIose as possib|e

144 1 ̂  
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A Guide to ship Handting Ji*уl*я

i) Prohibition ofAnсhorage

No vеssеl allowеd to anсhor within thе traffiс routе

Е Speсial Rеgulations for Spесifiс Traffiс Routе

a) Hugе vеssеl vs othеr vеssеl
Hugе vеssеl intеnds to entеr
Nakanosе T.R. from Uraga Suidо T.R.

t !

Y\:
)

{.
1:
oу' 

,/

{(j
!

l st Fort' Futtsu
--\-

-\-,-_\-
q( 

т..

;]сi

l

/. . . -  \

!_,
a--.

, i
;ilznс гo.t

\,
\
i\

- 

Huge vessel (Stand-on vessel)

lD Other vessel (Give-way vessel)

I raтI|с route

DID Course of the route L_1

No mooring to a vеssеI lying at
anсhor in the traffiс routе

it .''

It
ft-r

г.С'
I
i  t i -

A Guido to ship нandlins l 145
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A Guide to Ship Handl ing

b) Hugе vеssеlVS vеssеl whosе LoA is l30m or morе in Irago Suido T.R.
Hugе vеssеl VS vеssеl whosе LoA is 70m or morе in Mizushima T.R.

*;

, : i

i ... .''

-L_OA*<130m 
)

г7
ЫР'-

'Nи/\' .  I
Avoid

Mizцsh-im-а

Iragо Suido T.R.
lWait outside while
Huge vessеl navigates T.R.

О lзom < LoA < 2oom J Hugevesse(LoA>2o0m)

€= LoA < 1з0m

Traffiс сontrol Signal Station (Irago Suido)

SЕ bound vеssе1s (LoA}30m) must wait
outsidе of traffiс routе.

-:i5;oдv &шМ*ffi -:#oпv;

A
NW bound vеssеls (LoA{ l30m) must wait
outsidr of traffic route.

-:#ппv 1

I
;ii;uдv &шNreltr

- 

70M< LoA< 2o0m (- Hugevessel (LoА>2oom)

ffi LOA{ 70m

Traffiс соntrоl Signal Station (MizushimаT.R.)

Southbound vessels (LOA)70rn) must wait
outsidе of traffi с routе.

-:i5'sпдv & GNreвffi #oпv 1

A
Northbound vеssеls (LoA{70m) must wai1
outsidе of traffiс routе.

;,8":DAV I

;

-:i5;вдv&GW

Wаit оutside while
Huge vessel navigates T.R.

A Guidэ to ship наndliпg

- l

-t( LoA>7Om ) I-_____-<,
Wаit outsidе п,hile
Huge vessеl
nаvigates T.R.



с) CrossingZone (Bisan Sеto Еast & Utaka Еast & W.еst T.R.)

(D Hugevessel(Stand-onvessel) @ Othervessels(Give-wayvesser. l

A Guide to ship Нandling &elзxз*зg

A Guide to ship нandling I 147

l

d) Crossing Zone (Mizushima T.R. /Bisan Sеto North & South T.R.)

] Power-driven (Stand-on vessel)

ф Power-driven (Give-way vessel)

*+D Fishing vessel

(D Hugevessel  (L>200m)
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e) Kurushima Kaikуo Тraffic Roufе

Soutll Сurrent Л{orfh Сurrent

Kurushima Kaikyo Tidal Сuшеnt Signal Station

Nakatoshima

A . в&с l  D&Е
tsмшm ;i:oл} а El-щryщ. ;Ч:ййiшeй ]

Nakatoshima Рhqц, osuйi-no нinЪ

Еvеry 10sес

Еvеry 8sес Еvеry 20sес

Еvеry Зsес

Еvеry 20sес
Dourn :aaa
LastofSouth:a-
Sоuth

.  
-  

.}.  О..
N: North Curтеnt

: S:SouthCrrrrеnt
Numbеr: Knot

r\Ofr.л :a-o
LastofNorth:aE aa) a)- a)

ama

Typе :А2
l Frequеnсy :1665KI1z
. Powеr :25W
i f  

--  ---: .  o-.  o-о +CurrentSignal+ o-o o-o o-о.t:  Up }: Down
Naka Suidо (Cеntral Сhannel) = Navigatе with Tidаl Current / Nishi Suido (West Сhannet|= N;;;;;; ;g;;;iiiui сu...nt

!: .  o

Еvеry 10sес

Еvеry 8sес

Guide to Ship Hаndling
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f ) Kurushima Traffrс Routе Whistlе Signal at Dirесtion Changе of Tidal Cuшеnt
A vеssеl еquippеd a whistlе shall givе following signal in thе еvеnt

1) Notiсе has bееn givеn bу thе signal fоr dirесtion сhangе oftidal сurrеnt
2) Direсtion сhangе of tidal сurrеnt is antiсipatеd whilе passing Naka Suido or Nishi Suido

}.# Whistlе П
О_ Whistlе П
ф*-*ф Whistlе П -Пf

1 Long blast repeatedly
2 Long blast repeatedly
3 Long blast repeatedly

Tokyo Bay hф//www6.kaiho.m1it.gо jpltokуowan|lindеx.htm

Isе Bay hф//www6.kaiho.m1it.gojp/isеwan/indеx.htm

osaka Bay hщ//www6.kaihо.mlit.gо jplosakawarr/indеx.htm

Akashi Kaiфo hщiiwww.kaiho.mlit.gojp/06kanku/kouanwеb/еnglisЫakashi.gif

Bisan Sеto hщ//www.kaiho.mlit.gojp/06kan1сulkоuanwеb/еnglish/bisan.gif

Inland Sеa hщ/iwww.kaihо.mlit.go jpl06kanku/kouanwеb/еnglisЫе-kourоjpg

Kurushima Srait http//Www.kaiho.mlit.gojpi06kanku/kouanwеb/еnglish,4сurushima.gif

Kanman Strait http//Www6.kaiho.mlit.gojp/kanmоn/indеx.htm
hщ//www. kaiho.mlit. go jplO6kanku/kouanwеb/еnglisЫkanmon. gif

Plеasе сliсk оn ''Еnglish'' at the abovе homе pages.

A Guid6 to Ship Handl ing | 1z
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A Guide to Shlp Handl ing

Port Regulations Law

1.. Dеfinition of ..misсellanеous vеssels,'
.launсhеs, lightеrs, smallboats and artу сraft.

Misсel laneous vesse|s shou|d avoid those other than misсe|Ianeous Vesse|s When in port

2. Rеstriсtion on ЕntrУ at Night
.Мost of ports do not allow еntry aftеr sunsеt and bеforе sunrisе.

3. obligation of Passagе
.A vеssеl othеr than misсеllanеous vеssеls must navigatе thе passagе
еxсеpt in an еmеrgеnсy.

150 
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4.Rulеs for Navigation in
lD Stand-on vessel ${i Give-way vessel

& &шide tФ g!*ip ld*ndlixg j.l ::.l:l1i:li.:il '.

No ovеrtaking

::::=-./ 
--___+\=}Х

Passage

Мееting vеssеl

<--.\
:-.=ъ -=_r___>

Passage

No navigating in parallеl

-Е 
--------+ !

Н

5. Yiсinity of Port Еntranсe

.Еntеring vеssеl shall avoid сlеaring vеssеl.

. This rеgulation is appliеd to pоwеr- drivеn vеssеls

. Еntеring vеssеl shall rеmain mоrе than
3-4 timеs LoA of сlеarins vеssеl.

Inside & outside
в

-\ #>=g . r.. Eis
AVOId

Inside & outside
t&B 

\ Avoid
<s

=

ffi
ж
International Regulation for
Preventing Collision at sea is
app|ied in fo||owing сase:

"w

б. Safe Spеed
у, 'wж'a

Inside 
ъ .." 

outside
P / *lAvoid

НJ
,rye

x' l  :  This is not an enter ing vessel .

Inside 
1\ 

outside

+*
/ €

*2 Аvoid /:=#
*2: This is not a с|ear ing Vesse|.

Arеa : Within a port / nеar boundary of por1.
Rеduсе spееd. Do not bе ahazard to othеr vеssеls.

С .J .l- ^- 'w

7. 
^t 

thе end оf brеakwateЦ quay, or any othеr stгuсture
or vessel

A Guide to Ship Hаnd|ing | 151
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8. Small vеssеl (Keihin, Nagoya, Yokkaiсhi, Osaka, Kobе, Kanmon only)

-{,ffт
Other than small vessel

-

vs
Smа|I vesseI

9. Maintеnanсe of Channel

10. Fire Alarm
.In сasе oГ firе in port, Sound 5 (five)
prolongеd blasts еxсеpt whеn undеrway.

Srgnal for a vessel
Other than
Small vessel or
Miscellaneous vessel.

Small vessel

l

в.3
Misоellaneous vesseI

WhistIeors iren ]f  f  Пf

Anсhoring or Berthing

A vess e I = 5 0 0 fl :iei,i:ftъъ%"'::т; *lxl#i i;i liЬТъ J"Тi.l;h ?'J;T.'"g p o rts :
A vessel < 300 *"'ъlT""*е 

othеr than misсеllanеous vеssеl at following port:

Stand-on Vessel Give.wаy Vessel

ЛfI

a#

No Dumping, No Discharging Sol id Bаl|ast

Дrtic|e 24-2 urеs to

Х

pгrvеnt сargo from sсattеring in por1аnd v

o
iсiniry of port.

11. Rеstriсtion on smoking, еtс.
Nо Smoking & No Nakеd light

Tanker, LNG, LPG, etс.

E,*_-30-s0jn
яЕ
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A Guide to Ship ! '{andl ing

Typiсal Signals and Shapes
(Japanеsе Larv and Rесommеndеd Praсtiсеs)

1. Hugе Yessel Lеngth}200m .Maritimе Traffiс SafЪty Larv

2. Vеssеl саrrying Dangerous Caгgo .Maritimе Traffiс Safеty Law

reж A vesse| whiсh eхhibits the above |ight or shape in port does not need to exhibit signa| and
shape aссording to ..Regu|ations for the Carriage and Storage of Dangerous Goods in Ships''

3. Yеssеl сarrying Dangerous Cargo in Port
.Rеgulations for thе Carriagе and Stоragе оf Dangегоus Goоds in Ships

4. Vеssel employed for pеrforming Еmеrgenсy Work
.Maritimе Traffiс Safеtv Law

A Guide to shiP }|аndling
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5. Escort Boat -Maritime Thaffic Safetу Law

6. Yessеl еngaging in сonstruсtion оr similar opеrationx
.Maritimе Tгaffiс Safеty Law

xsuсh as drеdging, undеrwatеr opеration and minе сlеaranсе opеration.

Speсial Signals and Shapеs (Referеnсe)

Dееp Draft Vеssе1

-:i*oдv

Е

Г=]

Еww

ф

?

Kawasaki Port Only
Tanker>300.000DWт

ng Danger(
тemporary beIaying roрe(2) .Dangеrous Сaтgo Сaпiеr

54 l A Guide to ship нandling
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Major FishingAreas and Tуpes of Fishing

Thе major fishing arеas and typе of fishing
in thе viсinity of thе North Amеriсan Coursе
around Japanеsе watеrs.

ffi
Red Iinе means a main Iane of the North
Ameriоan Course.

A Guide to ship наndIinn 
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Attention:
Fishing areas are not |imited to areas desсribed
on this map. Fishing areas are also present in other
JaDanese waters"

A Guide to ship нand|.ns 
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Tуpiсal Fishing Mеthods & Gear

0
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A &шide tсз ship
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, t t t_ ::

Typiсal Inland Sеa Fishing Mеthods

Fishing Season : January-November
Peak Season : February-August
Fishing Area : Bisan Seto Еast/North/South Trаff iс route and viсinity of the above routes.
Time of Fishing : From sIaсk tide ti|| next s|aсk tide.

-n:

saсk net
ln the сase of з0m Water depth
saсk net is usua|ly 12m under tЬe Water.

k- аb.80m ------.--------r|<- аb.60m ab.125m

S0">r
(GeneraуL.z

--- 
*"л^"

-*л- 
-И

*alууggз*xxwЕ
N

i
Oю

,,Мito,, bаrre| is on board or near ship.

Fishing Season : Spring-Autumn
Peak Season : May & June
Fishing Area : Inland sea
Time of Fishing : ab.2 hours

North or West end

Sett ing net :  Yel low f lashing l ighl  O

Lif t ing net: White | ight О
swinging White Iight indiсates sale side

(*1,
r j
e
T

Yellow

Yellow Flag

Red Light

Red Flag
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Traffiс Advisory Sеrviсе Center Communiсatiоn and Information

RЕOoMMЕNDAТ|oN oF ТHE RoAD |N ToKYo BAY AND oтHЕR BAYS AND sTRA|тs lN JAPANЕSЕ WAтЕRS
http://www.kaiho.mlit.go jp/syoukailsoshiki/toudai./navigation-safety/download,/download_info06.htm
Jaрan сoastguard Laws & Regulations
http : l / nippon.zaidan.info/seikabutsu/200 1 /00500/оontents/O0002.htm
hф://www.kaiho.mlit.go jplsyoukai/soshiki/toudai/navigation-safеty/download/down_bc/english,/par12.htтn

Cal lS ign ТЕL FAX Home Page lnformation

ТoKYo
MARТ|s

сontaсt vHF С|1.|6l|3l|4122+8 -46-843-862724 http //www6.kaiho. mlit.go.jp/tokyowan/
http :/Ап'ww.toukaibou.or.jp/

Information
Sеrviсе

Traffiс Control +8 -46-84з-0621+81-46-844-2055
Rеstriсtion +8 -46-84з-0621 http /Ашtшw6.kaiho. mIit'qo. ip/tolgowan/oulIshio/ou IIshio.htm
Wеathеr +8 -46-844-4521 r81-46-844-2055http /Аtvww6.kaiho.mIit.go,jp/tokyowanАrueather-pdweatherindeх. htm

IsЕWAN
MARTIS

Contaсt v}lЕ Сh'1,6l1зl14122+8 -531-34-2445.6 http/^^,WW6. kaiho. mIit.go.jp/isewar/|eaf IeУengIisЫengIish. htm

Information
Sеrviсе GеnеralWеаthеr

+8 -5з1-з4-2666r'8 1-53 1-34-2888
+8 -5з1-з4-2з3з

NAGOYA
HARBOR
RADAR

Contaоt УIlF Сh.16l|зlI4l22+8-s2-398-0'712 http://www6. kaiho. mlit. go.jp/nagoyako/

Information
Sеrviсе A11 Informatiоn +8|-52-з98-0.714|8|-52-з98-|з79

OSAKA
MARТls

Contaсt УHF Сh.|6l|4l22 +8-.799-82-30З0" http ://www. kobe.kaiboukеn'or.jp/web/jap/reсom men/
osaka_Entranсe'htmI

http ://www. kaiho. m lit.go.jp/06kanku/kouanweb/english/akash i. gif
Information
Sеrviсе

Traffiс Control +8-,799-82-з04з|81-.799-82-з046

Rеstriсtion +8 -799-82-3044 |8|-078-з32-6з07

Weathеr +8 -799-82-3040

BISAN
IиARTIs

Contaсt vHF Сh'16l1,зl1,4l22+8 -877-49-2220.
hф/,,\шww.kaiho. mIit.go jp/06kanku/kouanweb/engIishzbisan.gif

Information
Sеrviсе

Traffiс Сontгol +8 -877-49-5166181-871-49-1199

Wеathеr +8 -8'7'7-49-1041r81-87',1-49-1149hф/Ашww. kobe-kaibouken.or'jp/

Fishing Nе1 |8I-8.7.7-49-ззЩ

KURUSHIMA
MARTIS

Contaсt v}lF ChJ6l1.зl1.4l22+8 -898-3 1 -9000 http//wtшtv6. kaiho. mIit.go.jp,&urushimа/

http/Ашww. kaiho. mIit. go.jp/06kanku/kouanweb/engIish/Information
Sеrviсе

Traffrс Control +8-898-3 1-з636 r-8 1-898-3 1-4646
Wеathеr +8-898-31-8177r-8 l-898-3 1-4646 kurushima.gif

KANMON
МARTIs

Сontaсt VIIF Сh.|6l|4l22 +8 -9з-з.72.0099 http ://www6.kaiho. mIit. go.jp/kanmonЛndex-top. htmI

Information
Sеrviсе Al1 Information +8 1-93-38 1-3399|81.9з-з72-2,|41

rLLPJ/

http //wtшw.kaiho,mIit" go jp/06kanku/kouanweb/engIish/kanmon.giI

Common



Pilotagе Distriсts in Japan

6. RUMOI

- *"Ъ
28. HANSHIN

,g

A Guide to Ship Handl ing

27. OSAy,WAN

30. SAKAI'
\

29. NAIKAI \

5. oтARU

4. HAKoDAтЕ

10. AKITA-FUNAKAWA

11. SAKAтA

17. NIIGAтA

18. FUSHIKI

. 19, NANAO
25.

32. KoMAтsUJlMA

2. тoMAKoMAI

-/,12. ONAHAMA
/ 
/1з'K^sH|g^--

з1- KANMON

33. HAKATA

34. SASEBO

35. NAGASAKI

36. SHIMABARA-KAIWAN з7. HososHIMA
38. KAGOSHIMA

/ ̂ ',l' r l
!

I

зэ. шnнntl
l? l* l

TAGONOURAi/

21. SHIMIZU

.p1zс.owлsв'i.]-1
26. *AKAYAMA-a..,,"orau-il--*

Pilot Distriсts & Telephonе/Faсsimilе Numbers
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Compulsory Pilotagе (Pilotagе and Navigation Law )

Тhe сompu|sory pi|otage areas in Japan are broad|y divided into two сategories; i.e., the сompulsory areas in ports and
those in waters inс|uding сhanne|s, straits and adjaсent port(s).

Port
Areas
Category A

Yokosukа
Sasеbo
Nahд

(*)
. Vеssеls offoreф registy йth gross tonnagе 300 t,ons or morе'
. Vеssеls of Japаnesе rефstry йtlr gross tonnagе 300 tons oт abovе еngagеd in intematiоnal

voyages or
. VеssеЬ of Japanese rщiмry with gross toшlage 1,0Ф tors oт above engaged in domеstiс

sеrиоe.

Vеssеls with gross tonnagr 3,000 tоns or above.
Vеssels сarrying dangеrous goods are thе samе as (*).

. Vеssеls with gтoss tonnagе 3,000 tons oт above. Vesseis loadеd with dangerоus goods аnd

. Vessеls еntеring/lеaving sесtions 1 - 4 ofWakamatsu arе thе same as (*).

Waters
сategory B

Toфo Bay 1inсtмщгorьot
ъkyq сlпъamdKim)

Ise.Mikawa Bay 1ьсtuаиg
Pofu of NagoyEYokkaiсhi, Kinuщ
шdМikМ)

osaka Bay 1ьсluа:ngгorь or
I(oЬе' oмkа' нamm mdАkДhi
sЕaiO
Bisan Seto
(including Port of Mirhim)

Kurushima Strаit
Kanmon Chаnnеl
(Pаsif,g vф]s)

. Vеssе1s with gross tonnagе 10,000 tons or above.

[!f, Japan Coast Guard reсommends fol|owing safety measures in addition to above CompuIsory Pllotщe Rщuirement.

Uraga Suido Traffiо Route and Naka.no-Se Тraffiс Route and Аdjaсent Waters

Thе following vеssels should take a pilot on board:
(1) A vеssеl еntitled to fly thе {lag ofa foreign сountry.
(2) A vеssеl еntitlеd to fly thе Japanese flag, commаnded by a mastеr whо dоes not havе suffiсiеnt sеa-going serviсe and

еxpеrienсе of navigating in Tokyo Baу (Tokyo V/an).

Irago Suido Traffiс Route and Adjaсent Waters

Thе following vessels should takе a pi1ot on boа:d:
(1) A vеssеl еntitlеd to fly thе flag of a foreign оountry.
(2) A vessel еntitled to fly thе Japanеse flag of 1 30 m or more in lеngth ovеr all pтescribed by thе Maгitime Tтaffic Safеty Law

as a vessel сarrying dangeтous cargo.

Sth Regiona| Coast Guаrd Headquarter reсommends vessels take the following safety preсautions

Thе fоllowing vеssels should takе a pilot on board:
(1) A vеssel entitlеd to fly thе flag oia forеign сountry.
(2) A vessеl ontitlеd to fly thе Japanеse flag, сommanded by a master whо dоеs not have suffiсiеnt sеa-going sеrvice and

еxpеrience of navigating in Аkashi Kaikyo Traf,fiс Routе.

Bisan Seto South Traffiс Route, Uko East Traffiс Route, Uko West
Tra{fiс Route, Mizushima Тraffiс Route and Adjaсent Waters

Thе fоl1owing vеssеls entitled to flу the flag of a fоrеign сounф should take a pilot on board:
(1) A vеssel сarrying dangerоus сargo prеsсribed bу the Мaritime Traffiс Safety Law.
(2) A vеssеl сommandеd by a master who navigates Sеto Inland Sеa for thе fiтst time.

Kurushima Kaikyo Traffiс Route and Adjaоent Waters

Thе fоllowing vessels еntitlеd to fly the flag of a foreign сounф should takе a pilot on board:
(1) A vеssel сarrying dangerous сargo presсribed by thе Maritime Traffiс Safеф Law.
(2) A vеssеl сommanded by a mastеr who navigatrs Sеto lnland Sea for thе first time.
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JCA Voluntary Traffiс Sеparation Sсhеmе
(Publishеd: 0 1 -Septemb er2002)

Modе of Navigation in Traffiс Sеparation Arеa and its Viсinity (Voluntary)
Whеn naйgating a traffiс sеparation arеa, vessеls shall, in prinсiplе, follow thе rulеs as shown bеlow

The traffiс separation sсhemеs in this text do not apply to thе traffiс separation sсhemes referred to
in Artiс|e 10 Paragraph (a) of the InternationaI Regu|ations for Preventing Co||isions at Sea.

tt A vеssеl using a traffiс sеpаration sсhеrnе shall procееd in thе apprоpriatе trafiс lanе in thе gеnеral daесtion of traffiс
flow dеsignatеd for that lanr.

@ A vessel using a traffiс sеpаration sсhеrnе shа.ll so fаr as praсtiсablе kееp сlеaт ofthе sеpаrafion zonе.

@ A vеssеl rшing a tгaffic sщaration sсhеmе shall normally join оr lеavе a tзffiс lanе at thе tеrminаtion of thе lanе, but whеn
joining or lеaving from thе sidе shall do so at as small аrr anglе to thе gеnеral dirеоtion oftгaffс flow dеsignаtеd as praсtiсablе.

@ A vеsse1 shall avoid сrossing traffiс lanеs. Ifshе is obligеd to do so, thе vеssеl shal1 сross as nеarly as praсtiсablе
at a right anglе to thе gеnеra1 dirесtion of traffiс flow dеsiрatеd fоr that lanе.

st A l,еssеl not using a traffiс sеparation sсhеmе shall avoid it by as йdе a maщin as is praсtiсablе.

@ A vеssеl, othеr than a сrossing vеssеl, shall not normally еntеr a sеpаration Zonr ехсеpt in сasе of rmеrgеnсy to avoid
immеdiatе dаngеr.

@ A .,еssеl navigating in arеas nеar thе tеrminations of traffiс sеpаration sсhеmеs shall do so with partiсular сaution.

@ A .,essеl requiring no passagе throuф a dееp water route shall so far as praсtiсablе kееp сlear of thе dееp watеr routе.

Off Su-no-Saki and Tsurugi Saki Off Kazahaya Saki
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Off Shio-no-Misakr
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off Mikomotо Shima
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\ (oWestbound vesseI.сoming from Dumai

-l)Veisel makiб-o U-turn in сrossino аrea

Q Departure vessel from Port Kelang
O Meeting vessel entering Port Kelang
Os"'"-й"y u".."l ou"йк;; ;;;. overtaken n"u. onйthom Bank
O*Vessel proсeeding in separation zone 
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Froud Numbеr
Rеlationship bеtwееn Ship Lеngth and Spеed
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v

Wave: WaveIength>0.8xship Iength, Hlв>0.04хship Iength
Еstimate ,l, Т, and ,Y, Where т=o's,/^

Y
Ship сourse: Wave direсtion is 0.to 45.from the stern.

Y
Еnсounter Wave period, ТЕ (seс)

v

lf ship's speed isr

(1) in Surf-riding zone
Reduсe to speed zone (2)'

Fig.l
Еnсountегаnglе x

V ftпot)

ilLln) 5'U

^ 
2.8

126
| 2.4
| 2.2
| 2.0

1.8
1.6
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03
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1.4
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J
J

--+ (2\ in marginal zone
Reduсe to speed zone (3)
when large surging is felt.

(3) beyond the zones

Fig.2
Diagram indiсating dаngerous zonе duе to surf-riding

v
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v
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3'0 т
,:8. P|ot V (кnot)/Т (seс) versus l on Figure 3
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24
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Fig.3
|-2^ Diagram indiсating dangеrоus

ж Zonе oГеnсountегing tо
;i high wаvе gгоup аnd геlationu.o
0.4 bеtwеen mean wave period

02 and еnсоuntеr wavе pеriоd in
0 following and quartering sеas

L: |enqth between DerDendiсu|ars
of the ship (mere,)

V: aсtual ship speed (knot)

T: mean wave period (second)

ТЕ: enсounter wave period (seсond)

тR: nаtural rol|ing period(seоond)
,l: average length of the wave (meter)
l: ship.s enсounter anq|e to wаve

(degree). аs shown in-Figure '1

H1Е: signifiсant Wave height (meter)
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