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1 SUMMARY

Proposed are new criteria for the desiçjri of aruchoririq
systems far mércl-iarut ships. They are based on the holding
power of the anchor arid the erivi.rorimerital conditions whiáh
act art the si-tip at anchor. The proposed criteria are
discussed arid supporting calculations for four ships are
presented. lso the increase in load in the arihor chain
due to surqe, heave arid pitch is discussed arid results of
calculationi are given. Lastly the impact to which a chain
can he subjected when the ship is anchored arid duririci the
anchoring manoeuvre is addressed and res'.i].ts of calcula--
tioris are ciiveri.

The result of the study indicates that the design method
based on the equipment number must be ahridoried in favour
of the proposed method which proved to he feasible arid
safer.

rie recommendation is that steps must be undertaken by all
classification societies to lmpiomerit the proposed cri-
teria soonest in order to riharice the safety of ships at
anchor

2 INTRODUCTION

This paper is a coritinu'jatic,ri of the work dante on the
design of anchoring systems for merchant ships. In that
work it was shown that the present dCsiciri philosophy,
which is based on the Cquipmerit number u emits to take
ritc account the holdiniçi power of the anchor arid tI-ie

environmental forces whici-, act on the si-tip whilst she is
anchored. Consequently the ship' s master has rio irisicil-it
into the capacity of the anchoring system, which from a
safety point of view is unsatisfactory.. Therefore a desicini
method based or, the holding power of ti-ic anchor arid the
erivironimerita]. forces which act on the ship at anchor is
proposed.

The reason that the si-iip' s master is specifically men--
tiorted originates from the fact that the study start-ed
with an evalutioni of the mettiods used by seafarers té
determine tiie required length of cI-iairi when anici-iorinici
their ships. The methods they used were based on u rules
of thumb" whici-i in the past were useful hut presently
obsolete. Hence it was recommended that the required
ierigtii of aniciior chain cable should he determined by means
of ateniary equations. It was obvious that the study
required a careful investigation into the circumstances
where, when arid how seafarers use the cjraunid tackle The
result was the above merit:Laned sti.idy,

However it is riot good eniougl-i to propose that a design
method based on ti-re oqi.iipmenit number" should be abani-
donied in favour of a method hased cm the holding power of
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the anchor arid the erivirorimerita]. forces whicl-u act on the
ship. It must also be shown that this is feasible arid
safer. Hence this paper.

In order to ShOW the safety arid feasibility of the propo-
sal a set of design criteria support-ed by calculations are
required, This paper addresses both subjects. The first
part deals wi.th the design proposals the second part wi L-h
the outcome of the calculations arid the last part with the
conclusions arid recon%meridatlonis.

3 DESIGN CRITERIA

Before ddressirg the proposed desiqrt criteria it is
tmporarit to draw your attriL-toru to arid to po1ri that
the " equipment number" arid the requirements for the
arici-ioriri equipment s used by ti-ic classification
societies are based on a fast amc:'jrit of experience ciairierJ
over rnniy years Hence tiie proposed desiqri cri i. only
I r,dicate where modi fications are required

r1-ue full text is given in appendix A. This section will
on] y deal w th those sub iects which rieo'J "larifi'ationu

3.1 Loading conditions

rhe proposal corisiclei-s three :1.oad].y,q conditions . Ti-ic
reason beini that the transverse arid lorigit'diria1 area
hoVe tiie waterline arid ti-ic fore, aft arid mean draft

ci inige wi.tI-i thc loadtrit conidi. Liori As change in area arid
draft influences the wind arid current forces a caic'..11atic)ni
must he performed for the 100 arid 50 percent loaded coridi--
tionis. In particular the ballast condition is important
hcc'ise i.ni addi. t-i.oni to the wi.nud arid curreril- Forces wi-uicl-i
aTi act cni the sii3 p there m' ist bc >u if fa e'a onit ] eriqth 01-

cI-ia.tni cable available to anchor.

3.2 Design water depth

Because ships sal]. a].]. over the world t is impossible to
specify all the locations in which L-i-iey anchor. it i
therefore proposed to define a design water depth which :i.s
6 times the fully loaded draft. An advantage is that for
the so defined or deeper water depth the biocka9e effect
is nieql.iible. The. influence of the blockage effect wiLL
be addressed later

3.3 Environmental conditions

It is proposed to define a survival arid maximum operat-
ioriai conidit:Lor as is ci.istomary in the off--shore industry

For the maximum operational condition it is proposed to
use the wind velocity of 19 rn/s at 10 meters ahcive sea
level heiriçj force B on the scale of Beaufort. This is less
than is used by the IACS E2 J. The reason being that from
discussions with ship' s masters it became clear that it
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must be possible to mairi at- anchor in wind force B in
an arichoracie where waves also act on the ship.

There are a number of method which can he used to caij--
late the re].atioris between the wind fOrce and the sea
condition. i method by Ippenu , which will be addressed
later, was used for this study.
The soil conditions on which the holding pOwer of the
anchor must he based was found in, the publications by
anchor mani' facturers

3.4 Static and dynamic force calculations

It is proposed that a number of caic'jiatioris are made for
various situations arid that the outcome Of the calc'jla--
tionis are presented in a tabUlar arid raph:Lcal fcm

This serves two purpocs:

the determination, of the dimensions of the ci-iairi
cable;

that the ship' s master can ju&le the capacity of the
arichor:Lricj system . i.iridr var:Loi.js environmental coridi--
tionis.

In addition to the desicini water depth a depth of 1 . 5 timesthe draft in various loadirici coridit.iors is sped fled. The
reason being that due to the h].ockaqe effect the hoidirucj
power of the arici-ior could be inisuf-ficient . To check thispossibility ar additional calculation for shallow water
effects is required
3.5 The anchor

ihe caldLI].ationi of ti-ic arichoriric system caTi only success-
fiji ].y be done when proper details of the hOidinici power of
the ship's anchor are vailab1e. Therefore the proposal
explicitly spells out- ti-ic req'ircmenits for the anchor
The requirements do riot seem unreasOnable as many mariu-
factures publ :Lsh these data for artcl-iors used in the
offshore industry, so why riot for a ship' s anchor ?
It is possible that for extreme large si-iips it may riot be
feasible to fit the anchor arid cable based on the desiqricriteria set out . Reasons coi.jid be that the dimensions of
the anchor are so extreie that they cannot safely he
stowed in the anchor pockets arid that stowiri the chain ir
the chair, locker will cilve problems. In that case it is
proposed that a suitable anchor witii the higi-icst possible
holdirici power is fitted. It is .obvioijs that this. will
reduce IThp 'pai. t.y o F the anichori.rig cy<. hc.m arid that theship's staff must be fully aware of the ].imitationi of the
fitted system.



3.6 Length and strength of chain cable

As is in the case of the anchor the proposal e<plicitly
spells out a number of requirements for the chain cable.
rhey concern on the one hand the tre.rugth arid energy
contents arid on the other the required length of the cI-iai.ri
cable,

Because the chain cable is riot only subjected to a static
load, which only occurs for part of the time in excellent
environmental conditions, hut also to impact arid dynamic
forces which occur frequently, it is appropriate to set
criteria for all the loading conditions mentioned. Because
of their special character Impact arid dynamic loadings
will he fully addressed later.
The length is of special iniportarice because from discus-
sioris with seafarers it became clear that for large ships
in the b.l1ast cor,diL-ioni the available length for anchor-
iniçj is often insufficient . The main arid overridiriq reason
being the distance from the waterline througl-i ti-ic hawso
pipe over the wirid].ass through the spun inq pipe requires
a long ie.riqth of chain for large shi1s Also it must be
realised that on top of that distance there must be suff i--
cienit slack in tlie chain locker. Hence the required length

lo 'Iepenids oTi 1-he design of the how arid the locations of
windlass arid chain lockers. Therefore it is far better to
determine the required length of cable for each individual
ship rather than define, a fixed length as :is done :i.ni the
rules.

It is obvious that from a safety point of view arid in
order to avoid confusion, the length of port nid starboard
chain must be equal

3.7 Load for anchor and chain cable

It is prc>osed that the breaking load of the chain is
derived from the hoid:irug power of the ar,chor . Ti-ic division
by cos 2? i.s meant to correct the holdiniçi power to a ].inie.
Force

Because the anchoring system is a dynamic system it IS
proper to take :Lrito accoi.jnit the dyriamic force which occurs
when the chain, is subjected to motions generated by the
ship :iri sea.ay Later' is will be shown that the dynamic
load can exceed 50 Z of the breakinici load.

3.8 Windlass design

TI-ic wirid].ass deiciri criteria are based on ti-ic mariner iT,
which seafarers ijc. ti-ic windlass . Anyone who is fami 1 ian
with the anchoring manoeuvre in all sorts of weather
coridtonis knows that great care is reqi.iired for this

I' Th] s ecp' ] lv tn ic for l:ir:ie ships .'hrc- th
mass weight of cliaini and aniciior is heavy.



In order to achieve a safer operation of the anchorinç
system detailed requirements are proposed for the system.

To a'.:cornplisi-u this the mar stay of the proposals is a
direct relation between the break load of the chain arid
ti-ic loads required for tiic design of the brake arid the
windlass. This is a different approach to what is done in
the rules.

s mentioned above for large ships the mass weight of
cha:iri arid anchor is i-ueavy. This calls 'for specific design
criteria to control the winch arid the brake system in a
stat:Lc arid dynamic mode. This being the reason why Iar--
ticular operations are defined. iiso it is important to
specify the limitations of the system arid to provide th
ship' s staff with this information
The criteria given in this section are sufficient guidance
for a windlass manufacturers to build a winch in accord-
arice with these proposals. Hence the subject is riot f'.jr--
ther addressed.

3.9 Additional. calculations arid data

There are two resoris for this proposal.

Firstly it is iniportarit to inform the si-tip' s staff art the
capacity arid 1 imitations of the àrichoririci system.

Secorid].y because the design calculation w:LLi be done with
the aid of computers it is riot di FfIcLi:Lt to iril'jde a fiji 1
set of data witi- whici-i ti-ie ship' s master' cart determine the
required ].criçjth of chain arid decide if the environmental
conditions are safe to anchor.

This concludes the sectic)ri 3 . 0 which hicihi iqhts SCme of
the reasons wi-iici-i prompted tii proposed design criteria.

4 EVALUATION OF THE EQUIPMENT NUMBER

4.1 Introduction
Once the design criteria were written tIi next step was to
calculate ti-ie required holding power arid chain diameter'
for a particular h:ip . With calculated diameter of the
i-ha Lri 1. 1 L riot di. t fi cult o deto mi ric9 H-am ti-ic Lables on
bower anchors arid ci-iairi cables an estimated equipment
niurnL-.er for that si-tip . By comparing tii pstimatprj number
w:ith the calculated number both methods can evaluated
Tii is was dante for foi.jr shi. ps The method which was used
for the calculat:ior is giver in rcfJ t si-tort summary of
the method fo].lows . It is based on the equations for
si.Jrge, sway arid yaw motions of a si-tip in a i-iorizonital
plane by Abkowitz EJ . The principle is shown in figure
rio . 1
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It shows a system of axes whose directions are fixed with
respect to the surface of the earth arid the ship' s system.
(lso i.s shown d-ie veloci. y of Ithe ship rigeri- 1-u U
hip' s path throuh the water. If there is rio wind or

current the velocities u arid v are

= u cos - v siri
dy0 = u siri + v cos

In these formul ac are:

= course ship in degrees
d velocity ship iTi threcLi.ori rn/sec
dy0 = velocity ship :i d:irectiôri rn/sec

Figure no 1 also shows the location C)f the hawse pipe. To
simplify the eqiJaioris it is assumed Lthat the erirarice of
thè hawse pipe is at...he sur-Face of the water . Hence the
horizontal chain force F. acts at that point.
The forces arid moment are the fol low iri;

X = F 4 + Fcc Fig + Fh

Y = F+ Fyw + + FYh (2)

NI M. + + + i1 - NI

ri-se forces arid moment F F arid N relate to added mass
arid drri D scusslori of these ch-r.c1erj 5t cs . o' its ne
the scope of this paper . Formulae are riot given because
they require advanced calculation methods.

TI-ic wind forces arid Fyw arid moment M,_, the current
1cr.s F arid r arid NiorneriL Ni .rid r 1 i.m-ii.or ot U-
wave drift- forces F arid F arid moment M9 can be caicu--
lated.

The anchor line forces F.h arid Fh arid riiomerit MK,,,.l follow
from the i-iorizorital chain force Fh.

FKh = Fh X COS (K

= Fh X sirs c

a x. F1 X sin (( x F h x cos cx (3)

:tri the above equation a arid h are the coordinates of the
hawsC pipe where ti-ic horizontal chain force. Fh is . assumed
to act . TIie angle x :Lni degrees is the angle the civairi
makes with the course of the ship

From a design poirt of view the coor:iiriate b is 0-F inter-
est. Mainly because for large ships the hawse pies are
located far From the centre :Liric of the Ii1J . rbé iomrit
caijsed by ti-ic locations of the entrance of ti-ic hawse pipe
can therefore riot be neglected because of its shearing
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effect- on L1ie ship . The, iI-iear'in effeci- tenid,s to :Lritroduce
the surcie sway arid yaw motions previously described.

When the ship is in eq'.iiiibrium arid the motions are zero
the equations can he simplified to:

Fh X cos v - ( F KW

Fh X sin c - ( F +

F, 'J £ (F F 2 + (F + F) 2

= arctçj C (F + F/(F,+ )J (4)

+ + (, a x Fh sin c b X Fh X cos 0

By placing the ship in a number of different orientations
aroi.inid the estimated course of the eqi.ii 1 ibrium position
the force.s arid moment can be calculated . By qraph:ica]. or
lniterpolat:iori methods the course can !e determined where
the moment is zero. In this way it is posibic to cori-
struct a table which gives tiie horizontal anchor line
force for di ffercrit ].oadini arid. environmental. coritht.onis
With the aid of these data ti-ic master cars decide i f :1 t :1 ssfe to anchor.
Becaijse ti-ic text of the paperr was recently 'updated it is
added in appendix B.

4.2 The calculation of the holding power and chain dia-
meter

s mentioned in section 1,to show the feasibility arid
safety of the proposal a set of desiri criteria supported
by calcu].atioris is required.. The design criteria were
d:iscussed ir the. section 3 arid details on the out-come of
the calculations are .jiveri in this sctioni. They were donefor four ships. Fartjcijiars oft-he siiip are ciiver :Lri
table rio. 1

iIie data conicerriincj the Tanker are those of ar ex:i.stinic
ship . Ti-ic other three arc based on research in various
publications.

Before. addressinicj the outcome of the caJ.culatioris some
de.ta :1 15 concern i nick the. ori.gin a F the data used as i riput
for the computer calcLllatiorus are discussed

tl :L calculations were per tormed for' t-Iic loaded arid bal
lasted cond:itionis of the ship . The ha]. lasted condition for
the tanker was reasonable acc'.jrate . For the at-he rti-irec
ships estimated values had to be

l9ecause it was the aim of tli is sti.idy to .1:1 rd t:i-ie :ia< i mum
environmental condition irs t.ii-iih a ship can reasoniably
expect-ed to rema :L ri anici-iored the ni'.jmbcr a f c;n ]. cu,l ati onis
were .imitecI to a ranicte between to numbers 6 arid 12 on the



The U3 qua]. ity ha:i.n is used For al]. ca].cul ...ions as the
irid:Lcatioris are tI-iat tI-i:Ls a general acceptable quality.
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sle of Beaufort. In some instances the range between
the number 0 to 6 was included. The wind value,s allocated
to the riijmbers on ti-ic scale of i3èufort arc averages arid
may slightly differ from those found in other puhl.ica-
tions.

The sea conditions used were based formulae qive,ni by Ippeni
Cj. These forrnu].ae ive useFul first approximations for
short fetciios arid i-iigl-i wi.rid sped anti I. hrc Fo e seemoei
suf licieritly accurate for this sti ioly The eqi iat ors are
the following:

H, 0.0.69 [CU2.!)
(.5)

1', - 0.5000

where

j rn:j f:i. cant wave he J. ciiit :i. n meters

siqni ficarit period in seconds

LI = wind speed in knot.s ( 1 knot 0 516 m/s)

F fetI-i lerigtl-i in, nautical miles ( 1 ii . mile
1858 rn)

E..sCd or, the above Forrn'_i].ae the table no 2 of sea states
calc'.ilatcd. ( fetcii of 130. 66 nautical rni.1e was used.

This value seemed a reasoniab].e distance for this study. ]:ni
the table the arnpiiti.ide which i.s half the 1-icight is used.

The tidal arid urrerit velocity is 2.5 rn/s for all calcuiai-
t :1 onis,

The wind arid current coefficients used fort he ca].c'la'-
tioris of tiie wind arid current force of tii Tanker., Mann
Táfikr arid Bulk carrier are those of OCIMF iJ, For the
coritaifier ship the wind coeff:Lcierits from fkcrschou L'::I
arid the current coeFf:i.cierits of OCIMF were. used

TI-ic coefficients used for the calculations of the wave
drift forces are those of Wise arid Erili..sh

Thie choice fo' the value of the Factor which relate ....iC
holding power to ti-ic mass weight in air of the anchor was
based on research Tito 1 t ei at-Lire arid bror'huros C)f aTiI or
mariufact'..ir'ers . Ultimately a vali.je of 6 in good soil corudi-
tions was chosen because the indications are that this is

boi.jt ti-ic maximum val'.e which at present cani be expected
for merchant ships

.
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With these ;. ser:Les of c.icu1.tioris cr'e done to
determine the holdirii power of the nichor under V.riOIJS
eruvirorimeritl conditions arid :Lru the speci f:Led conid:Lt-ioris.

Onie the required holding power ws known the dimensions
0f the chiri were deternuiried.

From the holdinici powe rt he richor mess ws determined with
ti-ic reltoni:

CF;ctor * M.ss ( kg) X g (9 . Si m/se!) J/ iiJO(J
Ho].dnicj power (kN) (6)

The computt-iori sequence start by solving the equtionis
(4) for the speci fied situtionis. This is done with the

. :1 d C:) f computer pror.ms wh :1 ch were wr I tteri .i:o rt his
purpose.

The table rio. 3 shows the results oft he holding power
computations for ti-ic loaded tanker :Lri a water' depth of
about 6 times the lc.adcd draft. The f:i.rst three columnsiive the wind arid sea state p;r'tic'.ilars . In ti-ic second
three columns some results are qivceni of a sequ1ice in
wi-i :1 ci-i ti-ic wind arid current d :L rect :Lori :i.s kept cori ..ariL- arid
the direction of the waves ci-ianiced . The last three coi....imris
refer to a sequence in wi-iich the current direction is

ianged. J:t is to he e<pected ........ic hiqhest loads are.
foi.jrid in a situation wi-iere the direction of the waves is
off the bow. In that rcspet :i.t must he remembered that
the direction of ti-ic waves usually lag the d:Lrectioni of
the wind. Similar computations were made for a].l four
si-ups :1 ni 1 oaded arid ball asted conud :1 t;ionu arid in water
depths of 6 times arid 1 . S times t he draft

The results concerning ti-ic equilibrium condition for each
of the four ;Iiip in loaded corid:Ltioru. eaufort 8 and
design dra ft are j :1 yen :1 ni ti-ic 1:1 gures 2., 3, ianu'.:I 5 . Each of
these fi i..Ires show the vaiues of the horionutal component
of the ci-iai ri arid the moment . Ti-ic 1 ocatiori where the
moment is era is the eqijil ihrium position arid L-i-ie corre--
sponidng i eqija].s tiue hoidin power of the anici-uor
On the right hand scale the Fh is e<pressed as a percentage
of the break load oft he chain . These ficiures show that
tlue proposed :Load of the chain allows for a fiP amount of
yawi ricj arounud the equi 1 i bri um posi ti on hefQre 50 % of the
breaking load is reaci-ied tithoi.igh riot addressed yet it is
pointed out that dynamic J.oads in the chain due to the
vertical motions of ti-ic ci-iain can read-u SC) % of the hrè;k-
mug load. This means that ti-ic total load n equilibrium is
about 170 % of ti-ic breaking load of the chain

The i ni f 1 uenice C) f the dynuam i c J. oads which can occur :i. ni the
cha:Lni wi 11 he addressed later

Once the holdinici, !:>ower is known the dimensions of the
chain arid mass weigi-it of ti-ic anchor can be dctermCnied Ti-ic
results are sumniarised 'in th tables 4, S , 6 arid 7 . For
the purpose of this paper it is si. f f i c :1 enut to give tiie
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daL-a in ti-ic tables for environmental corid:Lt:ioris r'elatirg
to the ale numbers 6, 7, 8 arid 9 or the scale of
i3eaufort.

The break load of the chain was calculated in cdarice.
with the design proposals as:

Break load (kN) Hoidiriii Power (kN) / (0.20 x 2m (7)

The value of the cosines correction is, as wii.l he shown
later, an averaie value.
r.:or ti-ic dimension of ti-ic chain was chosen the nearest
highest value in the table for bower anici-iors arid ci-iairi-
cab].es in ttie r'..iles.

Inspection of these data ShOWS that the mass weight for
tii ariciior of the Mann Tanker is nearly at ti-ic top of the
table if wind force 9 is adopted for a desicjni criter:i.a
flso were erit-ered in ti-ic tables 4. 5. 6 arid 7 the range of
the. equipment numbers which corresponds ..o the chair
diamcter arid quality.

By calculating the equipment numbers with the rules for-
mu]. a for each ship :1 was pois :1 b 1 e to compare the nii.imhers
This was done in table rio . 8

Ti-ic table shows riot only the increase in di ffercrice of the
nil_imbers for each ship hi_it also tl-iat the increase depends
on the s :i.e of ti-ic sii :ip . Ti-ic coriseqi.iencc 0 f the iTiccisc
is best illustrated in the force excursion diagrams. These
diagrais are based on the cateriary equations i: . Before
ddsiYig these diagrams the. cosines relation in formuj.a

7 :Ls discussed

Because the dimensions of the chain arid the holding power
are known the required 1 erigti-i of '.i-ia i ri can be determ iried
with the aid of cteniary equat:Loris . In the Case the hold--
inig powo o I Lh ni' Nor i Lri cqui 1 Lbiium '1. l.Ii tI ie ii. -
rorimental Forces wI-iich act c)ri the ship, tiie ai-ichor ciiai ri
resembles a fully developed cateniary. This is shown ir
f:iqure no . 6. The figure also shows the cosines relation
bL-weri the F,.1 whiI-i represents the resultant of the
erivircmmenita3. forces arid the 3. inc force T on which the
break load of ti-ic cl-iairi is based . ( ser:Les of calculat:Loris
for various cable. dimcnislc)nis indicates that an, aniglc- of 20
degrees is a reasoriab:Le average . Table rio . 9 shows the
calculation for the tanker . In this table the dimensions
of an existing anici-ic)r were chosen . The holdirici power
factor is estimated.

is is explanied in £J the force excursior diaciram :is based
on the distance between the slack arid fully developed
shapes The f :i ciures 7, 8, 9 arid i. 0 show t he force e>curs I on
diaranis for all four ships . The scale on the lcit ives
tiie forces in kN arid the scale on the right the i-iold:Lniçj
power factor. The lower scale relates to the excursion.. Ini
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addit-iori to tiie chain ecurs:ior the upper i-iorizorrL-al bars
which give th numbers on the scale of Baaufort with the
eqi.iivaleruL- wind velocities in meters per second are.
included. In this way it is possihle to relate the erivi-
ronimerit-al forces to ti-ic holding power'

The erivirorimerita]. forces for deep water are shown for the
cases withi arid withoult the irif].i.ienice of waves arid relate
to the design conditions. curve for shallow water can he
entered hut was riot done in order to avoid too many 1iries
in the figure.
By plottiniq in tiic d:Laciram a force excurs:ioni curve fort he
ca].cijIated chain diameter arid one for the diameter in ac-
cordarice with the rules jistified comparison is oss--
:Lhle.

Fo rthe anchor mass based on the equ i pmenit rii.jmber the
holding power was calculated witi a factor 4 . rhe reason
birig that rio guidéj.iries on holding power are issued 3.ri
the exis....Lnig ri.jies arid tl-iat eriora:L ly a .1:actor 4 in oodsoil seems possible . In the prposd dcs:Lqri criteria a
hold :1 rig power :1. s sped fi:i ani<:i i. t:i s up to the mari'.j fac--
turer to pPovi de an anchor with that ho 1 di rig . : t is
erivisacied that a factor of 6 is qu:itc possible,
By entering the diaçram irit he point S or the sca].e .f:

Beau fort arid gc::Lng vertical 1' down to the iocat:Lori where
the 1 inie irite i-sects with the ci..jrves for wind1 ci..i rr enit arid
waves arid then drawing a horizontal line the re.:Ii.Jired
holdincj power' :Lni kN or the Holding power factor is found
The d iacjrams ii lustrate v :1 vi dl y wiiere an anci-!or i rig system
based on the equipment number fails.
rhe desqri oposa is require that one or more such d:ia--
grams for various eriv i ronimerita i. c.C)Tid it i onis are macfe for'
the use on board ship

5 DYNAMIC MOTIONS OF THE ANCHOR CABLE

In tiie preceding sections rcfcr'erice was macfe to ti-ic
dynamic forces wh:i. ch occur . Ti the chal ni cai: ]. e when a
Forced motion, such as surge., heave arid pitch takes place
In ti-ic study given :i.n appendix 13 lJ this phenomena was
described arid recommended that further study was needed to
determine the va].i.jc of these force

This is now done arid reported in the paper "frlotioris aridbr ps 3 ri an.J iOl ci ial.ni cahlc Fc.n mi J i .ini L .1 ii p bi ii t
auti-ior' . e:i Th pap.er' is added to th:is report in appendix
C . F hr :1 ef descr iptioni oF the metiiod is iveri arid fo :i. :L owed
by the 'esults of the compijtation,s four ships used
mi tiiis study,
Ti-ic method used fOr the compi....atioris is based OTi a dis-
crete mass model developed by Walton arid Polaci-ick Es.] . The
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mathematical model i.s a ship at anchor arid the environ-
mental forces qenierated by wind, current arid waves are in
eq'Ji 1 ibrium with ti-ic ho idinig power of the arichcDr . TIi
].erigth of the cable is determined with the cateriary calcij-
latioris. Tiie so found length :Ls replaced by a series of
discrete masses concentrated at a finite number of points
aiori tiie cable. The. masses arc then joined together by
weightless non-elastic strings. The aim of the mode.l is to
calculated ti-ic displacement, vioc:Lty, ;cc].cv'ationis arid
forces 3 ri the O3 rits ] orig L-he eable F] LIC rio i 1 ShOJ
ti-ic mariner in wI-iich ti-ic cable is divided into segments
Ti-ie number of segments in the calculations is 30 pii..is the
leri' L1 i o F L1 ic ha F I he arIchLi aTu.J iO p LTi L

defined as a fixed poi. nt in space

rhe forced motions at the end of the cable at the water
surface are simulated by two methods. The first method
assumes ti-ic impute of s imple arid horizontal mot:Lori of
the hawse pipe arid the second is based on the displacement
of ti-ic hawse pipe by the mot:Loris of the shi in waves

Ecth methods were used to calculate the dynamic for'ces arid
the values of the computations compared.

The tables rio, 10, 11, 12 arid 13 give the results For both
methods . With -1:1-ic rcsijlts of these table ti-ic F:i.gi..ires
12, 13, 14 arid 15 were made. In addition the -Figures 16 arid
17 wePe made . .Ini ti-ic last two -Figures the r'csi.jits o-F ti-ic
cal cu 3. at ions of the -Four ships are compared

Inispect:Loni of tii -Figi.ircs show tiiat tii curves oF both
methods for each ship differ arid that the first method
which is based on simple moL-:Lonis :Lnidicatc hiiher loads
than the second mettiod which is based on the how motions.It is exp-lainied in the, paper E1 that ttie di-F-Ference can
become close as is in o-F the bulk carrier. TI-c
reasCni is that the first method results in a linear arid
the secoTid method an cli :Lptic track . :tri some cases the
elliptic track can be lori arid -F3.at and ij3.t:i.mate3.y become
1. i nicr . In ti-at case ti-crc is rio di f-Fererice ± ni ti-ic
resu].ts.

These Figures show that the proposed limit Cf U of the
brek load -For dynamic loads makes sense arid ti-iat investi-
çjat ioni :i. nto the dyniami c 3. eacis is ..iceded dur. rig ti-ic des i gri
stage.

6 IMPACT AND SPEED WHEN ANCHORING

.Ini ti-ic prece.d i rig secti ens re .1:ercnicc was m.:ide to :1 mpact
which occur mi the chain cable when the shii: is sur g:inig,
sway i rig arid yaw :1 rig , Dur :L rig these moti onis the ship moves
rounid a crt:iini lo' iuTi and drri ii ic diiTi ] O1ii uni

it :Ls-i: i.cii-it. When ti-ic chaini :Ls tighi:------icre is a r:Lk that
the chain br'eaks or the anchor starts to drag . When tIiE
anicl-ior holds there w i 11 be a sud:leni arrest: ± ni a po:L nit of
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L-i-ie movi ri3 Si-i I p :Lch is io.ted i ri the ha.ise ::i.po
entrance arid the ship wi].]. rotai.-e around that point

It is also poss:Lble that impact occurs when arici-ior:i.n the
ship. Hence the speed of anichoririq was also addressed. In
the study given in appendix E EI both poss:i.bilities were
described arid it was recommended that further study m'.ist
i:e done to determine the value of impact arid the sj:>eed of
arici-ioririg. This was done arid is reported in ti-ic recent
paper by the aLIthorE10J. The paper is ciiveri .n apenidix D

The method used to calculate impact is based on the theor--
etical treatment of a sudden arrest by a body mov:Lniçj in
plane motion arid is given by Go:Ldsmith i:11

The aver'ace speed when coming to anchor car be foi..inid with
ti-ic aid of ].aw of criscrvtieri of energy
For aLl four' ships in ].oaded condition arid anchored In the
des :L'.ni water depths the impact arid :impact energy was
cal. cu].ated . The results are shown I ri the f:i. :p..ires 18 up to
arid mci....idiri 2.5 s the impact arid impact energy :Ls a
function of the velocity, rotation arid dr:i. ft angle two
f i '.ires were made . Ore show i ni< the impact arid impact
energy Fc)r a constant dri ft aniii].e, various rotations arid
vel....c:Lties arid one for constant ro-L-aL-iori arid various dr:L ft
aricjles arid velocities. Tiies ir;lJres show how important itis for a si-up' s m;:stpr coritro 1 h :1 s stern speed arid :1 f
possible the rotation of the bow. To control the :>ow
rotat:Lori :1 s on]. y poss :Lb :Le Fcn-' ships F :1 t+ cc! w :i. tii a
triirijst ei'

]:ni order to assess t he impact c-t- tiiese calculations on U
design of the arici-uoririg system, kriow:Ledçjc f ti-ic energy
contents of ttie anici-ior ci"iai ni is requ :i. r'ed . s ± s exp 1 a :i. ned
in the paper iveri in appendix I?. this :L .....ie potential
encrqy stored in the elevation of the mass of the cateruary
hove the seabed plus the potential. energy stored in

st retcl-iiriq the cab].e . i3ecauset he las..part is smal ].it is
:1. gnored for ti- is cal. ciii. at :1 on F'.irLtier more. I can be shown
that the crerqy I ni the chain equal -ti-ir. area o-i tii
exci.jr'sicr; diagram Tlierefore ti-ic energy can a].so b.c
plotted in that di ac.jram

For each of tiie foi.jr sliips the cricrçjy contents were cai.cu--
lated for the fi.j]. J.y devel.oped and ijltimatc- taut shapes
Th:Ls was done for the loaded arid baLlasted conditions arid
in water deptiis corresponding to 6 arid 1 . 5 times thedraft Furti-ier more it was done for the chaini diameter
which was cal ciii. ate<:1 arid the diameter based on the equip--
merit number The results oF these ca lcul ati oris arc I yen
in the tables 14, 15, 16 arid 1 . The reason for calcul;:it:i.rug
botii the energy contents for the fully arid ultimate taut
stiapes -Fo]. lows from what happens dun nici t he aiicliori rig
manic:)ei.Jvre . Generally when a large sh :Lp arr:ivcs ........ ie
anici-ioracje the anchor is wal ked out to just abov seabed
and then dropped . Di.iriniq this proccdijre ti-ic sii ip is s low ]y
eased back fol lowing a curved track arid yawl rig to star-
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board due to ir.opeller .ctiori. When certziri imourit of
chiri length is outside the hwse pipe the stern movement
:Ls stopped arid the br'ke of the w:Lnidl.iss is applied. When
the brake is applied the chain becomes t:icjht arid impact
cart occur when the anchor holds

Because of the risk that impact cart occur it is important
to include the energy due to impact in the iculatioru
mode). for anchor i rug speed

flii1 can be done by ass'm:Lri:i that the amount of enicrqy in
the fulJ.y develOped shape of the chain cable must alwys
be available.

The total .mo'jrut of erierqy in the chain cable follows from
the Uititiatc Taut shape . To ti-us amcDurit cart be added the

rain energy in Ultimate Taut shape . In the icuiationi
model strain energy is riot included . It is further assumed
that approximate].v 50% of the di fferenice between
energy :Lri taut arid fu.ii ly developed shape is used For
impact . By reducing the total. amount of energy in the
ultimate taut case by luP so found di ffererice the peter....
ti al energy avai 1 able for anichori rig the ship is oLInud
From the impact cal cii]. at i on for the ship the 1. :1. near arid
rotational velocity jist before. impact can he found. These
data cant tlueru b.c entered into the calculation mode]. s tluc
end velocities for th aruchci'irici speed. It means that the
ship arrives at......uc ].ocat :Loni where the shape oF the anicl-ior
cable is fully deve].op.ed, overshoots that position arid
arr :1 yes at the ultimate ta'.it 1. ocat :ioni w:i tIi pree.:letcrm :i. rued
ve].ocities. The 50 Z di fferc...ice is arh:itrary arid .nuy value
cant be entered :1 rite the mode].

Thc........1.owinig example for tI"ue tanike r:i]. lustrates the
ph :11 osophy

Table rue . i.9 g:ivest he dist aruce between the uJJ.tirnate taut
arid tI fully developed si-tape as 2.479 m arid the d:iffer-
cnice in enuerqy 44.07 . 686 kNm, So i f the ship moves from
ultimate. slack to ti-ic Fiji iy developed sluape tlierc is
4407 . 666 kNm energy I.e ft in the cl-ia i ni caI: I.e over a d:i s.-
tanuce of 2 479 meters . Compared 10 ttie le.nugtlu of the sh:Lp
it is obvious that the amount of 4407 . 606 kNm is consumed
very quickly arid tl-ieni there is insufficient energy left
for the impact wh :Lch c;iini fo). J.ow whenu the band bra ke. of the
windlass is applied.

Followinici the philosophy set out abOve an amount of 2227
kNrn , which is slightly above the difference of 50%, is
_ul. lowcel br mpat I Tuci ry liniu tluc itia lit i_il Li rn.-i t e 1 u

Table rue . :L S shows that an amount of :i. mpact energy of 2227
kNm al 3. ows for ant enie.:J 1 i. near ye 1....c :i ty of 0 . 20 rn/sec and a
rotat:Lonual veloc:ity of 15 degrees per minute . i dr:L ft
angle, of 190 degrees is assunied,

F'..irtl-ier it.ts a ijed tliat reijitanut enuvironmcnita:L
force wlii ch acts C)nu tiic sIi :1 p i'; 40 kN . TI"u :1. s :j. s jus+: c:'ver
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wind -Force 5 on the ie of Ieufor'L arid cijrrerit: o-F
;sibout 0 . 3 rn/sec

The result of the. 1cuitiori which is ciiven in tzhie
rio . 20. shows th;it: the end velocities re recl-ied withstrtirici ve1oity of 0.51 rn/ sec ground speed.

From the t'b1e no. 18 it iso fo). lows that the impact which
goes with the impact ericergv of is 15988 kNsec. When the
brake of the wirid1.ss is applied the hr.ke must he zhJ.e to
cope w :1 th that irnpct . The ch; I ri used for these c;i icu---].tioris hs hrek ].ocI of 4500 Kni which gives 3.55
seconds impact time. So From L-;ble rio, 18 it Is poss:i.hie to
determine first ri impact arid ].st1y with the .id of the
imp;ct energy the richornig speed

ri :irivestictiori .nto the effects of, witer depth nid dis---
picernerit or the rn>dmum ground speed ws made -For four
ships . The water depths were ,sed on 6 irid 1 . 5 times the
dr; -Ft o f'the sh :Lps For ecl-i sh:Lp two chi ris were dete ----
mi nc ci TI c 1 gi ic-t. H i_u Ti hsod 01 U ic c qi ii mc. nit
number arid the he;nv lest on tl-ie force method The results
o-F tIi irivestig--L-ioni ar'e Set OiJt in t.ble rio . 21 arid used
to define the j:roposed design criter:L;

Hence by de-Fi. ru nicj ; mini mum of stern sI:eecI c-F 0 . 2 rn/sec
ove--------ie ciro.ijrid when richorinig arid spoc:L fyiric; th.t Imp.ict
in !-(risec divided by the br;kirig 1oc1 in I<ni must be .

ml Ti :L mum c-F 6 sec the .s ; Fety of the richor i rig procedure c;ri
he, erili;riced

7 CONCLUSIONS AND RECOMMENDATIONS

]:ri the initrc)di_Ict:L OTi it w;s st

it is riot good erioigi- to propose tit-. des I gri method
b;sed on the, " ecu_i I prnerit niuriiber s'hou 1 ci be ;ibanidoned i ri
-F.vour c-F . method b.sed on the hold i rig power c-F tl-ie
;rici--or snid the e(ivi 'onimenit;1 forces whi d-i ct 0ii the ship
It must ;. iso be shown --l--: -t:h :L s :Ls -Fe;.s lb 1 e

In th:Ls p-.iper' propos;1 -For desicir-, cr-iteri; b;ised on -

e-t-hcd wii:Lch t;akes IrJt() ;.ccoijnit tIie. hc:).Ld1nic power 0-F ti--ic
;ii-ichor rud the cTiviron,mer,t;1, Fc-'ccs wIi I ch c t Oni tiie shipis presented . Next :11: is siiowni that -t:hc c].cul--tiors

1 red I Ti th :i. s methc)cl with the ; I d of personi 1 cam---
puter re qu :1 te -Fes ib-le . L-st ly tlio results c-F tiie compu---tt-iri For -Four ships Iricii.c;it. th-t the requirements' -FOr
the .r,chcr:Lr-ig system For ships des :Lnieci in ccoi-'cl;nice with
the equi pmenit number 1-ick in ; number o-F:irnj:crt;ri-t-
spccts . The s:Lgni:i. .1:1 c;r-it results ni ti, :L s p-per l so

coni .1: :i rrn the coT-ic 1 us :i OTiS cj 1 yen, ni the p;ipers wh,i ch sire
--LtzicI-ied In .ppcnidices IE\. C ;rici D . Th:Ls :ezii-ith-t ti-ic
:i.nitcnit 1 cr1 a fth:' j::-.:iper gi yen .bove :i. s .ccoI-iip 1 1 si--ted

Hence the cver;l 1 conclusion i -t:l-i.t the desicjni mc-?t'iiod
b-seci on tti equ:L:rne1-it nii_irnher must be b;nidonied 1 ni .yoi_ji-'



oF tl-ie posed method whiI-t proved to he Fe.sihie .rid
;z fer

The e'.oinerid.t :1. oTi I t thzt steps must he 'iiderti ken by 1 J.c1.ssi fitiori so:ieties to implement the proposed ri-
teri SOTICi in oc'doi tu cnIhirR.e the sfet or sI ups L

nicItor
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9 TABLES

9.1 Table no.1, Ship's particulars

FIT.p' S PRTICULtFS

(.1 tori is 1000 k>

9.2 Table no.2, Table Sea States

TrBLE .SEPI SThTES

19

ri

Trikr'

164,00

Mw'iri

tnikci'

310,00

Bulk

rrier
250,00

Cor....
t incr

ship

2.85,00

Depth m 16,60 29,70 18,20 21,00
13 . m 32, 24 47, 17 33, 00 32, :30

Lc&d Draft m 11,62 ±3 9O 12, 80 13, 00

H.wsc pipe
X 'aoidi.nitc m 77, 00 1 52, 00 125, 00 135, 00

V .:oordnite iii 8, 00 10, 00 8, 25 10, 00

Displamerrt tori 50 . OOC) 2.66, 87 . 320 48 . 837

BezL1fort ICrnpl .1 tiJd?

12 6, 18 13, 52
11 5, 75 13, 06
10 4, 97 1" t.3

9 4,25 11,21
8 3, 57 10, 20
2 2,95 9,36
6 2,36 8,37
5 1,8.4 7,37
4 1,30 6,2.:L
3 0,82 4,93

. :L30 . 66 rim



9.3 Table no.3, Holding power loaded tanker

20

LOiI)EDTNKER

br;ft 11.62 HOLDING PO'JER Wtéi' dépLh O rn

i rid Waves Cur :
±eO°

25
rn/s

Cur1eo

25
rn/s

Cur
iso°

2.5
rn/s

Cur
1700

2.5
rn/s

Ci_li' :
1600

25
rn/s

Curi00
2.5
rn/s.

'..i-
Fort

Nortli :

100
:

:o°
,LVt5
icr

')VC?S
io°

i).V3s
100

rn/se'.: (rn) RN RN RN kN RN RN

9

8

7

6

26,6

22 6

1.9.0

:L2.6

4.25

3 . 57

2.95

2.36

948

805

700

619

:1000

340

717

.630

968

803

680

934

790

680

9.73

832

718

7.76

682

61.7



9.4 Table no.4, Estimated equipment number Tanker

21

rNKER

Est:Lmatd quipmert rr'.jmher hsced or Iiair diamcter
Wind Waves Cur-

rcrit
Aric-ior
hOld-
i rig
power

Chain type U3 riri:hor
mass

Est
niumL'er

Beau-
fort

North 10° 180° Break
load

dia Mass Range

rn/sec (rn) rn/sec kN kN mm Kg

9

8

7

6

26 . 4

22.6

:19.0

12. 6

4 . 25

3 57

2.95

2 . :36

2, 5

2. 5

2.5

2. 5

:1000

860

717

630

5320

6470

3815

3352

87

78

73

66

:16989

:142-7:1

:L218:L

10703

4000-
6600

321O-
3400

2870-
3060

2380--
2530



9.5 Table no.5, Estimated equipment number Tanker

MlRIN TiNI<ER

Estimated eqi.i-Ipmerit number based or hairi ciameter
Wind Waves Cur- fruhor Chain type U3 frihor Est..

- rent hold-

power -.

mass ri'nihr

BeaU- North :10° 180° Break dia Mass Rarie
rt

m/se (m) br/se kN - kN mm -

9 6 ' ' .2 .2 5 .258.2 I /3 14/ 86o 1 1'0u-

12600

8 22.6 3.57 2.5 2210 1:1759 137 37566 8900-.
- :1000.0

7 19.0 2,95 2.5 1937 :10307. -:126 32908 7600-
8400

6 :12.6 236 2.5 1740 9258 :L17 29561 6900-
7600



9.6 Table no.6, Estimated equipment number Bulk Carrier

23

BLJLI< ctRR:EER

Estintd eqi.iiprnerit number based on chiri di.metr
Wind t')ves C'.ir-

rent
(rtcIior
hold-
i.rii
power

C2hiri type U3 frichor
m.ss

Est
number

Be'j-
fort

North 100 180° Break
iod di Mess Rriee

rn/sec rn) rn-/sec kN kN mm
L.

9 264 6.25- 2.5 :1537 8178 11:1 26:L:13 6500-
6900

8 2 6 3 5? 2 5 1330 7076 LOu 25?6 5500-
5800

7 19.0 2.95 2.5 1110 5906 92 :L8858 4600-
4800

6- 12.6 2.36 2.5 988 5257 87 16786 6000-
4600.



9.7 Table. no.7, estimated equipment number Container ship

24

cQN HXF'

Estirnted equipment number based on haini d:inueter

Wind Waves Cur-
rcerit

inichor
hold-
irg

CI-iinu type LJ3 (rihor
m.ss

Est.
number I

Beu
Fcirt

North 10 ° 1800 I3rek
lod

di Mess Rricie

rn/sec C (rn) m/.sec kN kN mm

9

B

7

6

26 6

22.6

:L9 . 0

12.6

4 25

357

2 . 95

2.36

.2 5

2.5

2. 5

2.5

1650

1636

1260

1118

8/)9

7641

6704

5949

:105

98

92

:033

24397

21407

18994

oo-
7400

5800-
6500

5200-
5500

4600
4800



9.8 Table. no.8, Comparison equipment number

II

EU:[FMENT NUMBER BASED ON RUL.ES FORMULA AND FORCE METHOD

hir I

26

j r........- r - I--"-
biscd on

rn ton R'.Jic.?s fhrrn'jl Forcc method
(1000 k<)

Tanker 164. 00 50.000 287O-3040 3210-3400
32.24

16.60
:11.62

T. M.riri T.r,ker 310. 00 246 . 868 690O-7400 8900-10000
47,:L7
'9. 70

- :18,9.0

Bulk C.rrier 250 00 87 . 320 3800-4000 5500-5800.
33.00 .

18.20
12.80 -

Corutirier 285.00 48.837 3400-3600 5800-6 500
ship 32.30

21 .00
:13.. 00



9.9 Table no.9.1 required length of anchor chain Tanker

Type ship is L..odod Tanker

Required length of trichor haini

Equipment number 3100
Type 1rihor Unknown
Mess rrschor 15000.00 kci.
HP factor 6
HoJ.diriq power rihor 882. 90 kN.
Grade ch:ir, U3
D].menisloru .hzini 78. 00 mm
M.ss 'ha.ni 13? 20 kt'vm
Density hiri mt 7850. 00 k/m3.
Doris ity w.tor :1025 . 00 kci/m3.

Depth Dist.rie, Length Fh Fv Fr Thet.

rn m kN kN kN

26

0,00 0.00 0.00 882.90 0.00 882.9C) 0.00
io.Oo 121 32 122 56 832 90 145 28 394 11 9 3ei
20. 00 172.09 173.63 88290 206.14 906.64 13.14
30.00 p10.53 l3.35 339 90 53.30 918 59 16.01
40. ob 4' 83 '47 17 38 90 93 4 9$0 $c J3 $9
50.00 271 19 .71 'i 88.2 90 5 29 16 94 2 26 20 4 '5
60. 00 296.75 304.69 882.90 361.75 954.13 22.28
70.00 320. 18 330. 17 882 . 90 39:1 . 99 966. 01 23 . 94
80.00 341 92 354 J 0 882 90 420 40 977 88 2 4
90 . (JO 3o2 27 316 1/ 88.2 90 1 32 939 75 26 81

i.00.00) 381.46 398.41 882.90 473.01 1001.62 28.18



9.10 Table no.10, dynamic loads anchor cable tanker

27

DVNMIC. LOI)S fNCHOR CfBLE TlNKER

Brek Load (B . L) Wter depth: Ho1diri Po.,er (H . P)
chiri : 4470kN 70 meter tricI-ior : 882 kN

Regular wave Method Bow motions Current
T: 10,2 sec 2.5 rn/sec
amp 3,57 m

Surge Stair wteriirie Statioru iricfrior

Period
Sec

amp
m

F
kN

Z B. L.
frN

Iri-se
H I- /

:10.2 0 1324 29.6 1252 4.1.9

2 :1104 26.7 :1033 :17.1

4 1223 27.4 1163 31.9

6 :1387 31.3 :1323 .50.0

S 1579 35.3 1509 7:1.0

10 1.670 37 3 1:592 80.5

Trochoidal Method S,iipie motiors Current
1: :10 . 2 sec 2. '5 rn/sec
amp: 3.5/ m

-10 . 2 0 1166 -21. 6 1070 21,. 3

2 1516 33.9 1667 4.0

1914 62.8 1862 108.8

6 24,.0 '5 5 2378 1 69 6

8 2903 28.36 - 221.5

10. 32-:L7 72.0 3152 257.3



1. 9il Table no.11, dynamic loads andor cable. Mann Tanker

28

DVNtMIC LOIiDS iNCHOR C3LE MiRIN TANKER

Break Load (B . L)
chain 12160 frN

Water depthi : Hoidiril.3 Power (H . F)
113 46 meter frichor 2253 frN

Regular wave
1: 10.2 sec
amp: 3H57 rn

Method Bow motions Current
2.5 rn/sec

Surge Station waterline Station. (ruchor
Period
sec

;p
rn kN

Z B . L .
kN

Increase
H . P.

10.2
L

23.5 249 9.:L

2 2992 24.6 2612 15.9

4 3406 28.0 3036 34.6

6 3879 L 31.8 3526 56.5

36.1 4073
:_

10 4890 40.2 4548 :101.9

Trohcidl
1 10 sec
amp: 3.57 rn

Method Simple mOtions C';jrrerit
2 5 rn/sec

10 2 U 9 o31 16 8

.2 3427 28.2 3050. .35.8

3968 32,6 3600 59.8

6 471(3 38.7 4348 92.0
8 5238 43.1 69(3(3 1:17.-

10 I 6:149 50.6 5786 :156.8



9.12 Table no.12, dynamic loads anchor cable Bulk Carrier

Break Load (B.L)
chain : 7060 kN

Regu1r wave
T: 10.2 sec
amp: 3. 57 rn

Surge

PYNAIIC LOAI)S ANCHOR CABLE BULK CARRIER

Water depth: Holdth Power (H . P)
/6 80 rnetr Anchor L328 frN

Method Bow motions

Station, water 1 inc

Current
2.5 rn/sec

Station,, Anchor

29

Period
sec

amp
m

F'

kN
7 B.L.

kN
I rcrease

7

10. 2 0 15:14 21 .8 1372

1739 24.6 :1601 20.6

2230 31.6 2113 59. 1

2596 36.7 2677 86. 5

S 3066 43.6 2950 122 , 0

10 3660 51.8 3544 166.0

Trod-ic ida 1 Method Simple motions Current
T: :10.2 sec 2. 5 rn/sc.c
amp: '3.57 rn

:10.2 0 1688 23 . 9 1550 14.3

2058 29,2 :1928 4.5, :1

6 '2490 35.. 2 .2378 79.0

6 3:1:1,1 46.0 2985 :126. 7

8 3773 53,4 3653 :175.0

10 6212 59. 7 4084 207.5



9.13 Table no.131 dynamic loads anhor cable container ship

30

DYNcM:Lc LOrDs (NcHOR CBLE coNm:[NER SHIP

Break Load (B . I...) Water depth: Hoidiri POwer (H . P)
chain : 7700 kN 78 . 0 meter richor : 1436 kN

Reu1ar wave Method Bow motions Current
r: 10.2 sec 2.5 rn/sec
iup:57iu

Surie Station waterline Station 1rchor
Period

sec
amp
rn

F
kN

% B.L.
kN

Ir,-ese
H.P.

10,2 0 1637 2:1.3 1477_ 2.8
2 1741 22.6 1590 10.7

4 2139 27.8 1997 39.0

6 254.7 33.1 2407 67.6

S 2992 38.9 2853 98.6

10 3443 44.7 3326 13:1.6

Tpochoida:1 MethOd Siiple rnotioni Cur "eht
1: 10.2 sec 2.5 rn/sec
amp: 3.57 m

10.2 0 1818 23.6 :1663 15.8

2 2187 28.4 2040 42.0

4 2658 36.5 2529 76.1

6 3296 42.8 3158 11.9.

8 4010 52.1 3874 169.7

10 4235 55.0 6:145 188.6



9.14 Table no.14, Energy contents chain cable Tanker

9.15 Table no.15, energy contents chain cable Plarin Tanker

: i.

TiN KER

Eqi.iipmcerit
number

Dis-
p1.emerit

Depth Chiru FD Ctce.riry T.'jt

tori ,di; energy cur- eric9rgy ex'Jr-
(1(300 kg) ' s:Lri Sian

m mm kNm m kNrn m

2870-3100 50.000 10.00 73 238 09.20 '380 09.41
Rule 17.43 73 516 15.62 862 :16.01
formula 30.00 73 1080 25.92 1842 26.94

70.00 73 .3246 55.71 5813 59.24
3210-3400 :10.00 78 426 09.45 666 09. 59
For:ce :17.43 . 78 94:1 16.17 1493 16.. 48
method 30 .00 . 78 2(316 27. 17 3262 27 . 88

7(j 00 7d 6396 60 0.2 10199 62 49

MIRIN T!NKER

Equipment
riuflber

Dis-
pii.emrut

Depth Chain FD Catceriary Taiji-

tori dia eriery ex:ur-- oriergy e>cur-
(1000 kg) . sioni siori

- . m mm kNm m ,kNm m

6900-7400 246.868 11.25 114 856 10.46 :1358 10.65
Rule 28.35 116 3:1:10 25.19 5107 25. :19
formula . 45.36 116 5872 38.99 9893 40. 58

113 40 114 19115 88 73 3fu70' i 80

(39(3(3- 1,1 . 25 137 :1396 10 . 53 22(32. :1.0. 7.1
10000 28 . 35 :137 5124 25. 50 (3333 26 .21
Force 45.36 137 9742 39.62 16210 4:1.04
m1hod 11 40 1. 7 32339 91 07 57505 96 57



9.16 Table no.16, energy cOntents chain cable Bulk Carrier

32

9.17 Table no.17 ,energy contenst anchor cable Container ship

BULK ClRRIER

Equipment
number

Dis-
p1aemerit

Depth &2hiri Fl) Cateriry T'jt

tori di;. energy exur- energy excur-
(1000 kg) sian sian

rn mm kNm m kNm m

3800-4000 87.320 11.25 84 366 10.28 588 i0.52
Rule 19.20 84 768 17.04 1262 17.58
Form'jla 45 . 00 84 2396 37 . 36 4146 39. 25

76.80 86 4711 55.99 8566 64.12

5!500-580(J 1:1.25 100 788 :10.57 1260 10.74
Fbre 19.20 100 :1684 17.68 2689 18.07
method 45.00 :100 5481 39.60 9067 40.95

76.80 100 11203 64.84 19164 67.81

CONTAINER SHIP

Equipment
number

Dis-
pl.emerit

Depth Chiri FD Cteriry Taut

tori dia energy excur- energy exur-
(bC kg) sian s:Lori

m mm kNm m kNm m

3400--360C) 48.837 -19.50 78 694. 17.34 1139 17.88
Ru.ile
formula

78.00 78 4274 61.12 775:1 65.27

5800--6500 19.50 105 1876 17.94 3000 18.33
Force,
method

78.00 105 12438 65.64 21310 68,70



9.18 Table no.18, Impact and impact energy results Tanker

IMF'CT ND IMPACT ENERGY RESULTS

Type ship is Loaded tanker
Disp1aed mass is 50000000.0 kg.
Length b.p.p. is 164,00 m.
Beam is 32.24 m.
Draft is :11,62 m.
x cooPd H pipe is 77.00 rn.

y oord H pipe is 8.00 in.

Radius gyration is 0.24
Density water is 1025 . 00 k/m3.
Water depth is 70.00 in,

33

beta
deqr

V rb ra
rn/see rieçjr/m Degr/rn

delta p
kNse

Ei
kNm

190.0 0.00 0.0(3 0.00 (3.0 0.0
i.90.0 0.00 5.00 0.95 2260.1 139.6
190.0 0.00 10.00 1.90 6520.1 558.4
:1.90.0 0.00 15.00 2.85 6780.2 1256.4
190.0 0.00 20.00 3.80 9040.3 2233.5
190.0 0.00 25.00 4.74 1.1300.3 3489.9
190.0 0.:L0 0.00 0.44 5879.7 266.8
190.0 0.10 5.00 1.39 7181.4 390.6
190 0 0 1 0 tO 00 34 8876 4 79 1
190.0 0.10 15.00 3.29 10780.7 1475.0
190.0 0.10 20.00 6.24 12801.3 2436.:L
190.0 0.10 25.00 5.19 16890.8. 3676.4
190.0 0.20 0.00 0.89 1:1759.6 :1067.4
190.0 0.20 5.00 1.83 12929.7 1174.8
190.0 0.20 10.00 2.78 14362.8 1561.4
190.0 0.20 15.00 3.73 15988.0 2227.3
190.0 0.20 2(3.00 4.68 .17752.7 3172.3
190.0 0.20 25.00 5.63 19619..3 4396.5
190.0 0.3(3 0.00 1.33 :176:39,0 2401.6
1900 0.30 5.00 2.28 i87597 24.93.0
190.0 0 .30 10.00 3.23 20073. 1. 2863. 5
190.0 0.30 15.00 4.1.8 21544.2 3513.3
:190,0 (3.30 2000 5.12 23142.8 4442.2
190.0 0.30. 25.00 6.07 26846.3 5650.3
190.0 0.40 0.00 :1.77 23518.7 6269,5
190.0 0.40 5.00 2.72 24613.3 4344.8
:19(3 . (3 0 . 40 1(3 .00 3 . 67 25859 . 5 4699 . 3
190 0 (3 40 15 00 4 o2 'V236 5 533 "
190.0 0.40 20.00 5.57 28725.5 6245.8
190.0 0.40 25.00 6.52 30310.1 7437.8



9 19 Table . no 19, force/energy excursion loaded Tanker

Type ship is Loaded Triker

Fore/Eriergy e>urs i on of tri'hor e.ha i ri

Equipment number
Type An'.:Iior
Mess rihor
(2of'retiOri nss Anchor
HP ftor
Ho 1 di rug power ruchor
'.pde chinu
Dimension ch.iru
iMss chairu
Deris:ity ch..iinu rnt-
Density w.ter
Wtèr depth

U1timte T.iijt (2se

Excu_irs:i.oru 62 . 494 rn
Energy 10810 . 964 kNm,.

0
AC

15000.00 kc.
1.00

882.90 kN,
U3

78.00 Arn.
139.20 kg/rn.

7850,00 kg/m3.
1025 00 kq/rn3

70.00 hh

I 34

ForceH

kN

C) . 000
SO . 000

Energy

kNm

o .000
532.625

Excursion

Ii

C) . 000
34. 95199

100. OUC) 11 10 . 214 63.00686
L!50.000 1628.094 47.22171
200 . 000 2096.754 49.92419
250. 000 .883 5:1 . 84666
300 . 000 2926.266 53.30449
350.000 330(J. 510 54 459(j
400.000 3653. 752 55.40315
450 000 3989. 128 56. 19356
500 . 000 4309 . 076 56.86802
550.000 4615. 524 57 . 65237
600 . 000 4910. 04.4 57.96504
65(J . 000 5:193.919 58.41959
700.000 5468.221 98.89621
750.000 5733 .854 59. 19283
800 . OOC) 5991 . 587 59. 52556
850. 000 6262 . 085 59 . 82933
882 . 900 6403 . 248 6C) . 01537



92O Table no.20, Maximum speed ihèn anhoring Tanker

MXIMUM SPEED WHILST NCHORI N

Type ship is Loaded Tanker
Disp1ced rnass is S0000cOO ki.
Lerigtl-i b,p.p. is :164. 00 m.
Be.irn is 32.24 m.
Draft is 11.62 rn.

x coord H pipe is 77.00 m.
y coord H pipe 1.' 8.00 in.
R.dius cjyrtiors is 0.24 -.
Density water is 1025.00 k'/m3.
Water depth is 70.00 rn.

Chiri eruerqy LJit T;.uut 10810.00 kNm.
Chair, erier.iy is 6403.00 kNrn
Impact erierçjy is 2227.00 kNin
Resultant erivir. force is 4000 kN
Exc'jrsiOr, is 62 . 49 in

35

deqr rn/sec deqr/rn
Vs

rn/sec
Vs

knots

190.0 0.00 0.00 0.48 0.9
:190.0 0.0(3 2.00 0.48 0.9
190,0 0.00 4.00 0.48 0.9
190.0 0.00 6.0(3 0.49 0.9
:190.0 0.00 8.00 0.69 1,0
190.0 0.(J0 10.00 0.49 1.0
190.0 0.05 0.00 0.48 0.9
:190.0 0.05 2..00 0.48 0.9
190.0. 0.05 4.00 0.48 0.9
190.0 0.05 6.00 (3.49 0.9
190.0 0.05 8.00 0.49 1.0
:1.90,0 0.05 1(3.0(3 0.69 1.0
1900 0.10 0.00 0.69 0.9
:190.0 0.10 2.00 0.49 0.9
190.0 0. 10 4.00 0.49 1 . 0

190.0 0.:L0 6.00 0.49 1.0
190.0 0.10 8.00 0.49 1.0
:190.0 0,10 10.0(3 (3.50 1.0
190.0 0.15 0.00 049 1.0
190.0 0.1.5 2.0(3 0.49 1.0
190.0 0.15 4.00 0.50 1.Ci
:190.0 0,15 6.00 0.5(3 :1.0
190.0 O.i.5 8.00 0.50 1.0
190.0 0.15 :1(3.00 0.51 1.0
190.0 0.20 0.00 0.50 1.0
190.0 (3.20 2.00 (3.5(3 1.0
190.0 o.2o 4.00 0.50 1.0
190.0 (3.2(3 6.00 0.51 :1.0
190.0 0.20 8.00 0.51 1.0
:1.90.0 0.20 10.0(3 0.5:1 1.0



9.21 Table no.21, Impact and impact load cOmparisbr

36

Type
ship

tiJter
depth

I)ispl Mxi--
mum

Max-
im'jm

Chiru
dia

Chiri
hrek

Irn-
pact

Imp!
brk

-
speed speed 1od load

rn k=iO3
kg

rn/sec knots mm kN kNs sec

T.ni- 17.43 50k 0,09 0.2 73 3990 2260 0.57
ker 0.11 0.2 78 4500 7181 .1.60

70.00 50k 0.32 0.6 73 3990 14362 3.60
0.53 1.0 78 4500 15988 3.55

lThri-- 28.35 235k 0.14 0.3 114 8900 32813 3.68
ker 0.21 0.4 137 12160 20193 1.66

--
-. 1L ' 35I' 0 6 0 3 1l' 8900 o2t333 7 53

0.59 i.:L 137 12160 97522 8.02

Bulk 1.9.20 87k 0.14' 0.3 84 5160 3584 0.70
carr 0.20 0.4 100 7060 5974 0.85

76.80 87k 0.3:1 0.6 84 5160 22105 4.28
0. 56 :1 . 1 100 7060 33653 4.77

- -

Con- 19:50 49k 0.12 0.2 78 650(J 2200 0.69
tinu 0.28 0.6 105 7700 6651 0.86

78.00 49k 0.37 0.7 78 6500 23888 5.30
0.79 1.. 5 105 7700 38871 5.05



10 FIGURES
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23 :[rnpt- arid vce1oity Bulk Carrier s functiOn of dr:Lft-
áriçjle.

24 Imp ct arid Velocity c2ortiriei- ship s function of
velocity.

25 Impact rud véJ.ocity c2oritirier ship s f'jfictioni ofdrift rigle.

ii APPENDI:cEs

A The desiqri criteria for anchoring systems for merchant
ships,

B The desiçjri of arichoririci systems for merchant ships.

(2 Motions arid fOrces in anchor chain cables for Aerchrit
ships.

D Imp.aet aspects in anchor chain cahJ.os arid the speed
when arichoririci
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WIND-,CURRENT-,WAVE- AND HORIZONTAL CHAINFORCE

ON A SHIP AT ANCHOR

wind force

F : current force

F : wave force
g

Fh : horizontal

component

chain force

V velocity ship

L11 length between

per.pendiculars

B : breadth

a,b : coordinates

hawse pipe

x : coordinate
g

centre. of

gravity

Course

angle attack wave

wind angle

angle current
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Figure noi:
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ANCHCRLINE SHAPES

Ulfirnate slack

Fully developed

Figure no.
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