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1 SUMMARY

Fropesed are new oriteria forr the design of anchoring
systems for merchant ships. They are based on the holding
power of the anchor and the envirommental conditioens whiah
act on the ship at anchor., The proposed oriteria are
discussed and supporting calculations for four  ships are
presented. Also the inorease in load in the anchor chain
due to surge, heave and pitch is discussed and results of
caleulations are given., Lastly the impact to which a  chain
<an be sub jected when the ship is anchored and dunring the
anchoring manoeuvre is addressed and results of caloula-
tions are given.

The result of the study indicates thalt the design method
based on the equipment number must bhe abandoned in  favour
of the proposed methosd whicsh provesd to be feasible anc
safer,

The recommendation is that steps must be urddertaken by all

- aelassification societies +to implement the proposed ori-

teria soornest in order to enhance the safety of -ships at
anchor.,

2 INTRODUCTION

This paper is a continuation of the work done on  the
design of anchoring systems for merchant ships.[) In that

work it was shown that the present design philosophy,
which is based on the “equipment rumber® dmits to take
into  account the holding power of the anchor and the
enviroenmental forces which act on the ship whilst she is
anchored., Consequently the ship’s master has no insight
into the «capacity of The ancheoring system, whickh Ffrom a
safety point of view is unsatisfactory. Therefore a design

‘method based on  the holding power of the anchor-and  the

erviromnmental forces which act on the ship at anchor is
pMroposed,

The reason that the ship’s master is specifically mern-
tioned originates from the fact that +the study started
with an evaluation of the methods wsed by seafarers to
determine the required length of chain when ancloring
their ships. The methods they used were based on " rules
of thumb" whickh in  the past were wuseful but presently
obselete. Hence it was recommernded that the required
length of anchor chain  cable should be determined by means
of caternary equations, It was obvious that the study
regquired a careful dinvestigation inte the circumstances
where, when and how seafarers use the ground tackle., The
result was the above mentioned study,
>

However it is not good enough to propose that a design
method based oén the " equipment number” should be abarn-
domned irn favounr of a method based on the holding power of
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the anchor  and the envirormental forces which act on the
ship. It must alze be shown that this is feasible and
sater, Hence this paper.

In order to show the safety and feasibility of the propo-
sal a sel of design oriteria  supported by caloulations are
required, This paper addresses both sub jects. The first
part deals with the design proposals, the second part with
the outcome of the calculations and the last part with the
conclusions and recommendations.

3 DESIGN CRITERIA

Pefore addressing the proposed design oriteria 1t is
important to draw younr attention to arnd te peint out that
the Y equipment number" and the requirements for the
anachoring equipment as Lsed by the wlassificatiorn
societies are based on a fast amount of experience gained
over many vyears., Hence the proposed design oriterdia only
indicate where modifications are reqguired;

The full text is given in appendix A, This section will
only deal with those sub jects which reed clarification.

3.1 Loading conditions

The proposal considers three loading conditions. The
reason  being that the transverse and longitudinal area
above the waterline and the Fore, att and mean draft
change with the loading condition., As change in area and
chiraftt influences the wind and  current forces a caloulation
must be performed for the 100 and 50 percent loaded condi-
tions. In particular the ballast condition is important
because in additien to the wind and ocurrvent forees which
can act  on the ship there nust be sufficiéent lenath of
chain cable available to anchor,

3.2 Design water dépth

Pecause ships sail all over the world it is impossible to
specify all the loacations in whiackh they ancrhor., It is
therefore proposed to define a design water depth ‘whick is
é Times . the Ffully loaded draft,. An advantage is that for
the so defined or deeper water depth the blockage effect
is negligible. The influence of +the blockage effect will
he addressed later. -

3.3 Environmental conditions

It is proposed to define a survival and maximnum  operat-
ional condition as is customary in the off-shore industry.

For the maximum operaltional condition it is proposed to
wse the wind velocity of 19 m/¢ at 10 meters abdve sea
level being foree 8 on  the scale of Peaufort., This isg less
than is wused by the IACS [ 1. The reason being that from
discussions with ship’s masters it became <lear thalt it




must be possible Tto remain at anchor in wind forece 8 in
an anchorage where waves also act on the skip.

There are a number of methods which ocan be used to calo-
late the relations between the wind force and the sSea
condition. A method by Ippen | which will be addressed
later, was used for this study.

THe s$o0il conditions on which the holding power of ke
anchor must be based was found din  the publications by
anchor manufactnrers,

3.4 Static and'dynamic force calculations

It is preposed that a rnumber of caleulations are made for
various situations and that the outcome of the oalocula-
tions are presented in a tabulay and graphical form,

This serves two purposes

- the determination ofFf +the dimensions of the ohain
cable;

- that the ship’s master can  judge the capacity of the
anchoring  system . under various envirormental condi-
tions,

In addition to the design water depth a depth of 1.5 times
the draft in various loading conditions is specified. The
reason being thalt due to the blockage effect the holding
power  of the anchor could be insufficient. To check this
possibility an additiornal ealoulation for shallow water
affects is reguired,

3.9 The anchor

The calculation of the anchoring system can  only success—
fully be done when proper details of the holding power of
the ship’s anchor are available, Therefore the proposal
@xplicitly spells oul Lthe requirements for the anchor,

The requirements do not seem urreasonable as many  marnu-—
factures publiskh  these data Fforr anchors used 4in  the
offshore industry, so why not for a ship’s arnchor ?

It is possible that for extreme large ships it may not be
feagible to fit the anchor and cable based  on the dersignh
oriteria set out. Reasons could be  that the Jdimensions of
the anchor are so #tvreme that they carmot safely be
stowed in the anchor pockets and that stowing the <hain in
the chain locker will give problens. In that case it is
proposed that a  suitable anchor with the Fighest possible
Folding  power is fitted. It dis eobvious Tthat this will
reduce the oapacity of the aAnchoring system and  that the
ship’s staff must be fully aware of the limitationg of the
Fitted system, i




3.6 Length and strength of chain cable

As is in the case of the ancror the proposal plicitly
spells out a rumber of requirements for the chain cable.
They <concern on the one hand the strengtlh and energy
contents and on the other the required length of the chain
cable., : '

Pecause the chain cable is not orily subjected to "a static
load, which only ocours for part of the time in excellent
ervironmental conditions, biut alse to dimpact and dynamic
forces which ocour frequently, it is  approgriate to  sel
criteria for all the loading conditions mentioned: Recause
of their special character dimpact and  dynamic  loadings
will be fully addiressed later,

; The length is of special importance bhecause from discus-
kS sions with seafarers it became «olear that for large ships
in the ballast conditien Lthe available length for anchor-—
ing is often idnsufficient., The main and overriding reason
being the distance from the waterline  through the hawse
pipe over the windlass thorough the spurling pipe requires
a long length af chain for large ships,. Also 1€ must be
realised that on top of that distarice there must be suffi-
cient slack in the chain locker., Hence the required length
also depends on the desian of the bow and the locations of
windlass and chain lockers. Therefore it is far better to
determine the required lenglth of cable for each individual
ship rather tharn define a fixed length as is done in the
rules,

It is obvious that from a safety point of view and in
order to avoid confusion the length of port and stbarboard
ahain must be equal,

3.7 Load for anchor and chain cable

It is proposéd that the breaking load of the chain is
derived from the lolding power of the anchor. The division
by «os 20°is meant to correct the holding power to a line
foroe, '

Pecause the anchoring system is & dynamia system it is
praper  to take into account the dyrnamic foraee which ooccurs
when the chain is sub jected to motions gererated by the
ship in seaway.. Later is will be shown that the dyrnamic
load can exceed %0 X of the breaking load,

3.8 Windlass design

The windlass design oriteria are bhased on the marnmer in
which seafarers wuse the windlass, Anyone who is familiar
with the anchoring marnoeuvre in all sorts of weather
conditions hkrnows that great ocare is required For this
work., This is especially true for large ships whqre the
mass weight of chain and anchor is heavy.
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In order to achieve a safer operation of the anchoring
system detailed requirements are proposed for the system,

Te accompliskh this the main stay of the proposals is a
cdirect velation between the break load of fhe chain and
the loads required for the design  of the bhrake and  the
windlass. This is a different approach to what is done in
the rules,

As mentioried above for large ships the mass weight of
chain and arnchoer ig  heavy., This <alls for specific design
ariteria to control  the winch and  the brake system in a2
static and dynamic mode. This being the reason why par-
ticular operations are defined, fAlso it iz important to
specify the limitations of the system and to Mrovide The
ship’s staff with this information.

The oriteria given in this section are sufficient guidance
for- a windlass manufacturers to build 2 wineh  in accord-
ance with these proposals, Hence the subject is not  fure
ther addressed,

3.9 Additional calculations and data
There are two reasons for this proposal.

Firgtly it is important to inform the ship’s staff on the
capacity and limitations of the anchoring system.

Secondly because the design calcoulation will be done with
the aid of computers it dis rnot diffiealt to irnclude »n Full
set of data with which the ship’ s master oan determine the
required length of chain and decide if  the envirormertal
conditions are safe to anchor,

This concludes the section 3.0 which highlights some of
the reasons which prompted the proposed design oriteria,

4 EVALUATION OF THE EQUIPMENT NUMBER
4.1 Introduction

Once the design oriteria were written the next step was to
calaeulate  the required holding power and  chain diameter
for a particular ghip. With the calculated diameter of the
chain it is not difficult to determine from the tables on
bower anchors and chain cables an estimated equipment
number for  that ship, By comparing the estimated rnumber
with the calculated rumber both methods can evaluated.
This was done for founr ships. The method which was used
for the caloulation is given in reflfl. A short summary  of
the method follows It is based on the equations for
surge, sway and yaw motions of a ship in a horirental
plane by Abkowitz 3. The principle is shown in:figuhe
iy, 1L




It shows a system of axes whose directions are

respect to
Also is shown the velocity of the
ship’s  path throughl the water., If
current the velocities u and v are

g = 1 cos@ — v sing
Ay = 1 sing + v cosi

In these formulae are:

] = course ship in degrees
g = velocity ship in 3~ diveéction
Ay = yvelocity ship in - direction

Figure mo 1 also shows the location of
simplify the equations

thé hawse pipe is at the

s face of the water,

8

fixed with

the surface of the earth and the ship’s system,
ship tangéent
there

to the

i mo wind or

1)

m/ @
m/ Ge e

the hawee pipe. To
it is assumed that

the entrance of
Heroe the

horizontal chain force F,acts at that point.,

The foraes and moment are the following;

X = Flg + F.nv + rxc + F'-'nq + Fnh

Y F-,+F",‘,+F;;=+F',,'+'F,h

M o= My + Mhoe + Mge * Mg + Moy

The forces and moment F, F, arnd M,
and  dirag, Discussion of these
the scope of this paper. Formulae are

The wind foroes F. and  Fye and mement
Forees Re and Fye and Moment M., and an
wave driflt forces Fo and Fy and momend
lated,

The anchor line forces F. and F yn Al
from the horizontal chain forece R

Fen = Fan % 208 «
Fw = Fn % sin «

Myn = & ® R % sin « b * Fa* cos «

In +the above egquation a2 and b are. tThe
hawse pipe where the
to act. The angle «
makes with the course § of the ship.

From a design
est. Mainly because for
located far Ffrom the cerntre
aavsed by  the location of the entrance
~an  therefore not be neglected

large ships

hecause

2y

relate to added mass
characteristics is outside
not given because
they require advarnced calculation methods. '

Muyw, Ethe current
astimation of the
Miye wam  be oalou-

moment My follow

(3

coordinates of the

lHorizontal chain force F,is. assumed
in degrees is the

angle the ohain

point of view the coordinate b is of inter-
the hawse piples are
lirne oF the

ship. The moméent
of the hawse pipe
of its shearing
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effect on the ship. The shearing effect tends to introduce
the surge sway and yaw motions previously desaoribed,

When the ship is in equilibrium ard the motiorns are zero
the equations can be simplified to:

Fo % 2o & = = (F o + Fue 7

Fo ¥ sin « = = ( F,, # F, 7

5
i

VL (Fu'Fud?+ (Fo + Fo2 1

« = arctg [ (Fp + Fuo /(F it Fue )3 (4

s

Myw + Mye + ¢ @ % Fp »

sin « = b % Fp % 208 « = 0

By placing the ship in 2 rumber of different orientations
around the estimated cowse of the equilibrium position
the forces and moment can  be caloulated. By grapldacal onr
interpolation methods the course can  be determined where
the moment is zero. I this way it is possible to con-
struct & table whickh gives Tthe horizontal  anchor  line
force for  different loading and  envirormental conditions.
With the aid of these data the master can decide i€ it is
safe to anchor,

Pecause the text of the paper[ was recently updated it is
added in appendix B.

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

As mentioned in section 1, to show the feasibility and
safety of the proposal a set of design oriteria supported
by calculations is required, The design oriteria were
discussed in  the section 3 and details on  the outaeome of
the calaulations are given in this section, They were dorne
for  founr ships., Farticulars of the ships are given in
table no. 1.,

The datsa concerning the Tanker are those of an existing
ship . The other three are based on  research in  various
publications.

Before addressing the outocome of the caloulations some
details oconcerning the origin of the data used as input
for the computer calaulations are discussed,

All caloulations were performed for the  loaded arnd  bal-
lasted conditions af the skip., The ballasted condition for
the tanker was reasonable acourate. For The othlaer  thicee
ships estimated values had to be used.

Pecause it was the aim of this study to  find e *marcimum
environmental condition in  whisk =& sFip  can r@aﬁanably
expected to remain anchoreéd  the number of caleoulations
were limited to a range between to rumbers & and 12 on the
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scale of Reaufort, In some instances tThe range between
the rumber 0 to 6 was included., The wind values allocated
to the numbers on the scale of Beaufort are averages and

may slightly differ from those fournd in other publica-

tions,

The sea conditions used were based formulae given by Ippen
[0, These formulae give wuseful first approximations for
short fetches and high  wind speeds and therefore seemed
sufficiently acocurate for this study. The equations are
the following: T

H, = 0.0169 yTU.2)

M , (5)
T, = 0.5000 YU, F)

where
kL = gignificant wave H@ight i meters
Ta :_ﬁignificént period in secohds
u- = wind speed in knots ¢ 1 knof = .516 mogo
= = feldlh length in nautizal miles ( 1 n.mile ==

18%8 m)

Based on the above formulae the table no. 2 of sea states
was ocaloulated. A febal of 130.66 nautical miles wis used.
This value seemed a reasonable distance for this study., In
the table the amplitude which is hald the height is used.

The tidal and current velocity is 2.5 mss for all calocula-
tions.

The wind and current coefficients used for the ocaloula=
tions of the wind and cuvrent force of the Tanker, Marin
Tanker and BRPulk carvrier are  those of QCIMF 1. For the

container ship the wind coeffidients From Agersachou 1

ane the ocurrent coefficients of OCIMF were Jdsed.

The cosfficidénts used Ffor the caleoulations ef the wave
P - o - . g 2
drift foreces are those of Wise and Englisk O1,

The choice forr the value of the factor which relateds the
FHolding power to the mass welght in air of the anchor was
hased on researael into literature and rochures of anchor
manufacsturers, Ultimately a value of & in good soil condi-
tions was chosen because the indicatiors are that this is
Akout the  maxdimum value whiczh at present can be expected
for merchant ships, s

The U3 quality chain is used for all calcoculations as the
indizations are that this a general adceptable guality.




11

With these data a series of  caloulations were done to
determine the holding power of the anchor under various
envirormental conditions and in the specified conditions.

Once the required holding power was known the dimensions
of the chain were determined.

Freom the holding power the anchor mass was determined with
the relation:

CFactor % Mass ( kg) % g (9.81 m/sedH I/ 1000 =
Holding power (KN (&)

The «omputation sequence start by solving the equations
(4) for the specified situations. This is done with @ the
aid  of  compuater programs whdelh were  written  Ffor this
pCpose .

The table no. 3 shows the results of the holding power
computations  for  the loaded tanke ivn  a water depth of
about & times the loaded draft. The first three ocolumns
give the wind arnd sea state particulars., It the second
three <columns some results are given of & sequence in
whickh the wind and corrent direction is kept oconstant and
the direction of the waves changed., The last three columns
refer to a sequence in  which the ocurrent  direction dis
changed, It is to be emxpected that the highest loads are
found in  a situation where the direction of the waves is
off the how. In €hat respect it must be remembered that
the direction of the waves wusually lag the direction of
the wind, Similar computations were made for all  four
ships  in  loaded and ballasted condition and in  water
depths of & times and 1.5 times the chraft,

The results concerning the egquilibrium  condition for each
of the fow ships  in loaded condition, Beaufort 8 and
design draflt are given in the Ffigures 2,3,4 and S, Each of
these figures show the values of the horizontal componert
oF the chain forse and  the moment., The location where the
moment is zero is the equilibrium position and the corre-
sponding forae F equals - the holding power of the anchor.
Or the riaht hand scale the F ois expressed as a percentage
of the Meak load of the abain, These figqures show that
the proposed load of the ohain allows for a fair amount of
yvawing around the equilibrium position before 50 % of the
breaking load is reached., Although not  addressed yet it is
pointed oult that dyriamic  loads in  the chain due teo the
vertical motions of the <hain can reach 50 % of the break-—
ing leoad, This means that the total load in equilibrium is
aboul 70 X of the breaking load of the chain,

The influence of the dyrnamic loads which oan ocour s in the
ahain Wwill bhe addresssd Later,

Once  the holding power is known the dimensions sof the
chain and mass weight of the anchor can be determined. The
results are  summarised in the tables 4, 5% 6 and 7., For
the purpose  of this paper it is sufficient to give the
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data in  the tables for ernvirormental conditions relating

to the scale numbers 6, 7, 8 and 2 on the scale of
Reaufort,

The bveak load of the <hain ‘was caleulated it dSccordance
with the design proposals as:

Preak load (kN)

Holding Fower (kN)/ <0.20 % cos 200 (73

The value of the cosines comrection is, as will bhe shown
later, an average value,

For the dimension of the chain was chosen the nearest
highest value in the table for bower anchors and  chaine-
cabhles in the rules.

Irspection of these data shows that the mass weight for
the anchor of the Marin Tarnker is nearly at the top of the
table if wind foree 2 ds adopted for a design oriterian,

Also were entered in  the tables 4,5, 6 and 7 the range of
the equipment rumbers which corresponds to  the ohain
diameter and quality.

By calculating the equipmernt rumbers ‘with the rules for-—
mula For each ship it was possible o compare the vumbers,
Thies was Zone in table no. 8.

The table shows not only the inorease in difference of the
nambers for  each ship but  also that the dnocrease depends
on the size of the ship., The consequence of the inoreage
is best illustrated in the force excursion diagrams. These
cdiagrams are based on  the catenary equations LY. Refore

adihv-essiing these diagrams the cosines relatien din formula
7 ois discussed,

Because the dimensions of the chain and the holding power
are known the required length of <hain can be determined
with the aid of catenary equations. In the case the Fold-
ing power of the anchor  is in equilibrium with the envi-
ronmental forces which  act on the ship, the anchor  chain
resembles a fully developed catenary. This is shown imn
fFiguire no.é&. The figure also shows the cosines relation
bhetween the forae R which vepresents the resultant of the

envirormmental forces and the line foroe T, on  which the

brealk load of the chain is based. A series of caleculations
Ffor various cable diménsions indicates that an  angle of 20
degrees 1s a reasonable average. Table no? shows e
caloulation for the tanker. In  this table +the dimensions
of an existing anchor were chosen. The holding powsr
factor is egltimated.

hs is explained in Y the force emdcoursion diagram is based
on the distance between the slach and fully developed
shapes., The figures 7,8,% and 10 show the force exaonrsion
diagrams Ffor all four ships. The scale on the lert gives
the foreces in kN and the scale on  the right the holding

power factor, The lower scale relates to the excursion, In
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addition to the «chain edaursion the upper Rorizorntal bars
which give the rumbers on  the scale of Beaufort with the
@quivalent wind velocities in meters per se2ond  are
included, In  this way it is possible to relate the envi-
rommental forees to the holding power,

The envirornmental foreces for deep water are shown for the

xases with and without the influence of waves and relate

to the design conditions. A ocurve for shallow water can be
entered but was not domne in order to avoid teoo many lines
i the figure.

By plottivg in the diagram a force exaursion cunrve for the
calaulated ohain diameter and one for the diameter in oo
cordance with  the rales & justifiéd comparison is poss-
ible.

For  the anchor mass based on  the equipment rumber the
Molding power was ecaloulated withh a factor 4. The reason
bheing that ne guideélines on holding power are issued in
the existing rules and that generally & factor 4 in good
s0il seems possible. In the preposed design oriteria a
Molding power is  specifieéd and it is up  to the marufac-
turer e provide an anohlor with that holding power, It is
envidaged thalt a factor of & is guite possible.

By entering the diacpram ir the point 8 on the soale of
Peaufort and going vertically down ©To the location where
the line intersects with the ourves for wind;, aurrent  and
waves and then drawing a horizental line the reguired
Folding power it kN o the Holding power factor is fourd.

The diagrams illustrate vividly where an anchoring system
hased on the ecquipment rumber fails, '

The design proposals require that one or more such dia-
gramg forr various envirormental aonditions are made  for
the use on bhoard ship.

5 DYNAMIC MOTIONS OF THE ANCHOR CABLE

Ive the preceding sections reference was made o the
dyrnamic  forces whickh  oocowns dine the  aklain cable  when A&
forced motion suak as surge, heave and pitch takes place.
I the study given in  appendix B I this phernomernsn  was

desoribed and recommended that further  study was needed to

determine the value of these fordces,

This is now done and reported in  the paper "Motions and
Forces in anchor  chain cables for merakhant ships" hy this
agthor ., 21 The paper dis  added to this  report in apperchism
2o A briefd desaorviption of the méethod is given and fol lowed

Iy the results of the,computmtimns o the four ships used

in this study. , : .

The method used foif the computations is based on a dig-
: ; . - -# e

erete mass model developed by Walton and Folachel 1. Tl
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mathematical model is a ship at  anchor and the envirorns
mental forces gensrated by wind, current and waves are  in
equilibrium  with the holding power of the anchor, The
length of the cable is determined with the catenary calous-
latiorns. The so found length is replaced by a series of
discorete masses concentrated at a finite rnumber of points
along the <cable., The masses are then joined together by
weightless morn—elastis strings., The aim of the model is to
ecaloulated the displacement, velocity,  accelevations and
forces in the points along the cable, Figur@'ﬁo.il shiows
the marmer in which the «cable is divided into segments.
The rumber of segments in  the calcoculations is 30 plus the
length of the shaft of the anchor. The anctor pin ié
defined ans o fixed point in space. '

The foraced motions at the end of the cable at the watenr
sirface are simdlated by two methods. The first method
assumes the impute of a simple and hovizorntal motion of
the hawse pipe and the second is based on the displacement
of the hawse pipeé by the motiorns of Tthe ship in waves.

Both methods were used to calaulate the dynamic forces aned
the values of the computations compared,

The tables no.l10,11,12 and 13 give the results for both
methods,  With Tthe iresults of these table the @ figures
12,13, 14 and 19 were macde, In addition the figues 146 and
17 were made. In the last twe figures the results of the
caledulations of the four ships are compared

Inegpection of the Figures show  That the cusves  of both
methods for gachk ship differ and that the first method
Wwhich is based on simple motions indicate higher  loads
than the seconad method which is based on the bow motions.
It is explained . in  the paper [ that the odifference can

hécomne <lose as is  in The case of the bulk carmrier, The
reasen is that the first method results in & linear  and
the second method an elliptic track, In some cases bthe
@lliptic track «can be long and  Fflat and wltimately beocome
1inear, I that case Tthere 1is no difference in  the
results.

These figures skhow that the proposed limit of 50 % of the
bveak load for dynamic loads makes sense and thal investi-
gation into the dynamic loads  is needed during the design
stage,

& IMPACT AND SPEED WHEN ANCHORING

ITn  the preceding sections reference  was  made to dmpaot
whiakh occur  in the chain cable whern the ship is surging,
swaying and yvawing, During  these moltions the ship moves
around a certain location and rags the ohaivn along  wuntil
it is Tight, MWhen the chain  ds tight there is a vwisk That
the ochain bhreaks or the anchor starts to  drag. Whern  the
anchor Foldes  there will be a sudden amrest in o a  point of
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the moving ship which dis  located in the hawse pipe
entrance and the ship will rotate around that point.

It is also possible that impact ocours when anchoring the
ship. Hence the speed of anchoring was also addressed, In
the study given in appéndix B M both possibilities were
desaribed and it was reaconmended  thalt further study must
he done to determine the value of impact and the speed of
anchoring. This was done and is reported  in the recent
paper by the authorC'®l. The paper is given in appendix D.

The method wused to calcoulate impact is based on the theor-

etical treatment of a sudden arrest by a body moving in
. . . -~ o . o & §

plane motion and is given by  Goldsmith 1.

The average speed when coming to anchor oan be  founa with
the aid of the law of conservation of energy.

For all founr shiips in loaded condition and anchored in the
design  water depths the impaact and  impact  éenevagy  was
caleulated. The results are shown  in the figures 18 up to
and dncluding 25, fAs  the impact and impact ernergy is &
function of  the velooity, rotation and drift angle tweo
figures were made. Ore showing  the impact and  impact
anergy for a constant drddt angle, various rotations and
velocities and ene for constant rotation and various odrifl
angles and velocities., These figures show how important it
is for a ship’s master to control Ris stern spheed  and 4LF
possible the rotation of the bow. To control the bow
rotation dis only possible for ships Fitted with 2 bhow
tlrorustber.

I order to assgss the impact of these caleoulations on the
design of the anchoring system, krnowledge of the energy
contents of the anchor chaiv is required. As de explained
in the paper given in appendix B this is the potential
energy stored in the elevation of the mass of the catenary
above Tthe seabed plus the potential  energy stored in
stretabiing the cable. Recause the last paelt is small it is
igrnored forr this calculation. Further more it oan be shown
That the energy in  theée chain equals the svea of the foroe
@M E Lo diagram. Therefore the ernergy can also  be
plotted in that diagram.

For eaaly of the founr ships the energy contents were ocaloug-
lated for the fully developed and wultimate taut shapes.,
This was done for the loaded and ballasted conditions and
in water depths corresponding to & and 1.5 times the
dratt,  Futher more it was  done  for the ohain diameter
whid el was caloulated and the diameter based on the @O L -
mernt rumber.  The results of these caloulations are given
iv the tables 14,135,166 and 17. The reason for caloulating
both the energy cortents for the Fully and ultimate tagl
shapes follows from what happens  during the  anchoring
MATIDELIVITE . Gernerally whern @ large ship arcives sat the
anchorage the anchor  is walked out to  just abovéd seabed
and then dropped. During this prosedure the ship is  slowly
eased back following a 2urved track and  yawing to  star-




hoard due to propeller action. When a <certain amount of
chain length is outside the hawse pipe the sterrn movement
is stopped and the bhrake . of the windlass is applied. UWhen
the brake is applied the o<hain becomes tight ard dmpact
can oacur whern thé anchor holds, .

Recause of the risk that dimpact <can ocon it dis dmportant
to inelude  the ernervgy due te dmpact in the calculatien
model for anchoring speed.

This can bhe dore by assuming thalt the amount of erergy in
the fully deveéeloped shape of the chain cable must always
he available.

The total amount of enerqgy in the chain cable follows from
the Ultimate Tault shape. To this amount can be added the
strain energy  in Ultimate Taut shape, In  the caleoulation
model strain energy is not included., It is Further assumed
that approximately 50X of the difference belbween the
energy in  the taut and Ffully developed shape is used for
impact. By reducing the total amount of  energy in the
wltimate +Taut case hy the so found difference the potern—
tial =rnergy available for anchoring  the ship ds Found.,
From the impact caleulation for the ship the linear  and
rotational velocity just before impact oan be found. These
data can then be erntéred into the calculatiorn model as The
end velesities for the anchoring speed. It neans that the
ship amrives alt the location where the shape of the anahor
cable ds fully developed, overshoots that position and
arrives at the ultimate taut location with predetermined
velocities, The 50 ¥ Jdifference is arbitrary and any value
can be entered into the model .

The following example for  the tarnker dllustrates the
P losophy .

Table ne.l1? gives the distance bebtween theé waltimate bagt
and the Ffully developed shape as 2,479 m  and the 4differs
@nee it enerdgy 4407.&88&8 kNm So it the ship moves {from

altimate slack to  the fully developed shape there is

4407, 4686 kNm energy left in the ohain oable over a  dis-
tance of 2.479 meters. Compared to the length of the ship
it is obviouws that the amnount of 4407.4886 kNn  is consumed
veary quiczkly and then there is  dinsuffizient energy left
fer the impact which can follow when the band brake of the
windlass is applied,

Following the philosephy set out above an amount of - 2227
KNm  , which is  slightly above the difference of 50%, is
allowed for impact energy when the chain is wltimate taut.

Table rno.l1l8 shows that an amount of impact energy of 2287
ENm  allows for an end linesr velooity of 0.20 mAsec and @
rotational velocity of 1% dedgrédes per minute. A drifh
angle of 1920 degrees is assumed, : *

Further it is  asssumed that the ‘resultant esnvironmental
force which acts on the ship dis 40 KN, This dis  just over
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windforce 5 on the saealé of Reaufort and a  ourrent of
about 0.3 n/sea.

The result of the calculation whiah  is given in  tahle
no.20.shows that the ernd velesikties @are reached with =a
starting velocity  of 0.51 n/ sec garound speed.

From the table no.18 it also follows that the inpact whiah
goes with the impact energy of is 15988 kNsea. Whern Lhe
brake of the windlass is applied the brake must be asble to
cope  with  that impact. The chain  used for these calogs-
lations has a break load of 4500 Kn which gives 3.55
seconds impact time. So from table no.l18 it is possible to
cdetermine first an dimpact arnd  lastly with the aid of the
impact enevrqgy the anchoring speed.

A dinvestigation inteo the effects of water depth and dig-
placement on the  maximum ground speed was made  for four
ships . The water depths were hised on 6 and 1.% times the
draft of the ships, For  wadh ship two ohainsg were deteis-
minecd.  The lightest ohain was based on e e pmernt
reamber- and the heaviest on the foirce method. The results
af the investigation are set oot ifn table no.21 and gsed
to define the proposed design oriteria.

Mernce by defining a mirnimum of  sters speed of 0.2 n/seco
over the ground when anchoring and specifying  that Impact
in Knseo divided by the bréaking load in Kn must be a
minimum of 4 saeo the safety of the anchoring procedure oan
be éenhanaaéd,

7 CONCLUSIONS AND RECOMMENDATIONS
Tv the introduzstion it was stated:

it is  not good enough to propose that a design  method
based on the " equipmernt number" should be abandoned in
favour of a2 method based on the holding powser of the
anchor and the anvirormental forces whizb act on the shdp,
It must also be shows Uhalt this is feansibhle, "

Im this paper  a proposal for  desigrn oriteria based orn &
method which takes into account the Rolding power of e
anchor and the envirormental foross whidal acst on the ship
is presented. Nexl it dis - shown  that the caleulations
required din this method with the aid of a» personal com-
puter are guite feasible. Lastly the results of the compu-
tations for four  skhips indicate that the requirements Fov
zaovaance with
the equipment rumbev  lack  din f  number of dmportant
aspeats, The signifizant results  in this  paper  also
confivrm the conclusions  givern dv the papers whichkh  zre
attached in  appendices B, and I, This means that  the
intention of the paper given above is accomplished, »

Mence the overasll soncelusion is  that the desigrn method
hased on the equipment rumber must be abandoned in favour




of Tthe proposed method whiczh proved to be feasible and
safter, '

The recommendation is that steps nust be undertaken by all
classification societies Tto implement the proposed Sei-
Eeéria soonéest in order tod  ernhance the satelty of ships at
anchor. o
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2.1 Téble no.1, Ship’s particulars
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2.3 Table no.3, Holding power loaded tanker

LOADED TANKER , o o

. i
11.62  HOLDING FOMER Wwateir depth : 70 m

Wird

Waves

Cune
180°

2.5
m/ =

G
180°

2.5

m/s

Qe
is0°

=.5
m/ s

‘-...\.-‘.'.l’l"" :
170°
w5

m/ s

Qi
1460°

2.8
ms s

Cur:l
130 °
. |

2.5

m/ .

Beaiy-

Novrth

LWavizs

Wiaves:

10°

wmymﬁ:

Waves

e

Waves

10°

Waves
i4°

MRS

f(m)

Jed

[

kN

264

&2 6

12.0

12.6

4. 29

2.95

2.36

P48
805
200

61w

717

430

P&

803

&80

W3

790

&80

B3z

718

T4

&85

&17




Table no.4,

Estimated equipment numbér Taﬁker‘

TANKER

Estimated equipment rnumber based on ochain diametenr

Wind

Waves

Ly -
renk

Arahor
held-
ing
power

- Chain type U3

FAncor
mass

Eat,
nnberr

Beau-
fFort

Norh

io°

180°

Break

load

dia

Mass

Range

n/sea

¢ (o

m/sec

N

kN

mm

Ka

8

)

AT
[0 )

4,25
3,57
2,95

2,036

2.5

1000
" 840
217

630

BI20
4670
3815

335

87

78

73

b6

1699
14271
12181

10703

ekt
s

4000~
44010

3210~
3400

2870~
304D

300~
¥




Table no.S, Estimated equipment number Tanker

MARIN TANKER

Estimated equipiient rumber based on chain diameter

Wind

Naveé

Cur—-
rent

Arechor
o ld-
ina
POWEr

Chain type U3

Arnchor
mass

Est.
Tdmbe

Reaiy—
Fart

North

180°

BEreal

load

dia

Mass

Range

!

n/sen

m/ sen

kN

M

mm-

Ka

[

26 4

TN
[y ]

1%.0

12.6

2.995

2,036

2.5

2.5

Z.05
2-5

2582
2210
1937

1740

13735

11759

S 10307 .

22583

147

137

oq S -
Lunée

112

43866

37544

F2P08

29561

111500~
112400

89U0*i
10000

7400~

8400

&200-
7400




Table no.é,

Estimated equipment number Bulk Carrier

22,6

12.0

12.6

2.95

2,36

2:5
2.9

2.5

1110

P88

7076 100
5906 | 9=

5287 87

22556
18858

16786

BULK CARRIER
Estimated equipnent rumber based on chain diameter
Wind Waves | Cune- Ao r Chain type W3 Anchor [ Eet.
rent Fold- mass ramber
ing
poOwWer
Reau- | North 10° 180° Break dia Mass | Range
fart load L
m/sea g < m/sea KN kN mm Keg
@ 26 . % 4. 25 2.9 1537 8178 111 RGLLI | 6500~

G900

5500-

5800

4600~

4300

4000
44.00.




2.7

Table

no.7z,

estimated equipment number Container ship

. GONTAINER SHIF

Estimated equipment number based on chain diametér

Wind

Waves

Q-

Crent

Frchor
Fold-
ing

poweir

Chain type U3

Arnctor
mass

Est.
riamber

Bealrs-
fort

Nowrtl

10°

180°

Brealk
load

dia

Mass

I Range

m/sec

¢ ()

!
m/saes

4N

N

mm

Ka

3

264

bl

12.0

4,25

1650

1436

1260

B77%

7641

6704

114
1085

<8

28033

24397

21407

& 12.6 2.38 2. 1118 5949 P2 18994
4800

6900~
5800~
6500
5200~
5500 |

4600




' 9.8 Table‘no.B! Cpmparison equipment number

EQUIFMENT NUMBER BASED ON RULLES FORMUL.A AND FORQE

METHOD

Type ship

Loop B.H. T

RDisplacement

I

Range equiphent rumber
based on

Rules formula

Force method

11,62

m tor
(1000 o B .
Tanker 164.00- 50 . 000 2879%3040 3319“340@
32,24 '
146.60

i Marin Tanker

310.00
47 .17
29.70
-18. %0

246,868

&P0-7400)

8200-10000

Paalk Carvier’

250,00
33.00
18,20
12.80

87,320

A800~4000

5530-5800

Qortainar
ship

28%.00
32,30
21.00
13.00

483,837

B400-3600

5800=4500




2.9

Depth
m

0.00
10,00
20.00
30.00
400, 00
0,00
&0, 00
70.00
£80.00
L PE.00
© 100,00

Table

Distana
m

0.00
121.82
172.09
210,53
242,83
271,19
296,75
320.18
341,92
362 .27

381 .44

26

no.?., required length of anchor chaiﬁ Tanker

Type ship is Loaded Tanker

Required length of Anchor chain

Equipment number o 3100
Type Anchor o Urkrnown
Mass Anchor 1%000.00
HF factor 6
Holding power anrhor 88z, 20
arade ohain o U3
Dimension <chain 78.00
Mass ohain 139,20
Density ohain mat 7850.00
Density water 1025, 00
e Length F Fv
m N kN
0.00 8g82.90 - 0.00
L 22,36 882 .90 145,28
173.63 882,90 206, 14
213,35 882.90 253,30
247 .17 882.9 293.45
27725 882.90 329,16
B304 69 882,90 BJ61L.758
330.17 882,90 3IPL. 99
354,10 882,20 420,40
376,77 882,90 . 447 32
398,41 882.70 473,01

/
ka .
kN,
mm,
karsm,
kas/m3
kag/m3,
Fr

882,90
394,77
206 . H4
P18, 52

9X0 .39
942.:6
54,13
65,01
977,88
?89.75

T 1001 .62

Theta

clegrees

0.00
9, 34
13.14
16.01
1a. 39
20.45

22,28

23,94
25. 46
26.87
28,18




2.10 Table no.10, dynamic loads anchor cable tanker

DYNAMIC LOADS ANCHOR CARLE TANKER

Break Load (B.LD Water depth: Holding Fower (H,F)
1 =hain @ 4470 kN

70 meter , Anchor 0 882 kN

Regular wave Method Row motions Current
T: 10.2 sec 2.9 mSsec
amp: 3.%7 m

Surge Station waterline Station Archor

Feariod amp ' - F % BLL. ) 'Increase
sean " m. iy ’ ' I 3 M.F. %

10.8 0 | 1324 29,6 1252 | 41.9

i
-
et
]
>~

24,7 1033 17.1

A | 1zex 274 1163 Z1.9

6 1387 | 31.3 1323 | 50,0

g - 1579 35,3 1509 71.0

10 | - 1evD 37.3 | 1592 . 80.5

Trochoidal : Matiod Simple motions Current
T: 10.2 sea 2.9 m/ses
anp: 3.57 m '

L
r

10.2 0 1146 | 25,8 1070 21,3

2 1514 33.9 1447 64.0

4 1914 42.8 1842 108. 8

& 2441 C%4.% | B3zvg 169 .6

8 2903 1 64.9 | 2838 | 221.5

13 I2L7 72.0 31hz 257.3

3
Y
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Table no.11, dynamic loads anchor cable Marin Tanker

DYNAMIC LLOADS ANCHOR CARLE MARIN TANKER

Preak Load (B.LD

AhAain

12160 kN

Wateéer depth:
113.46 meter

" Holding Fouwer

(H.F

2253 KN

Regular wave
T: 10,2 sea

amp: 3.

87 m

Method Bow motions

Anehor

cunrcrent

29 m/ses

SUPQE

Station waterline

Station Anchor

Feriod
sea

amp
m

’2!‘
N

B s

N

Increase

HoF X

L ——

0.2

0

=860

3406

28.0

2 2902 264.6 2612 15.9
4

34.8

387

3036
31,8 626

456 . 5

4394

36.1 4073

80.8

4890

40.2 4548

101.9

Trachoidal

T: 10.2 sés

amp: 3.

97 m

Method

Simple motions

Current

2.5 ni/sec

10.2

2025

26,9

2631

146.8

3427

28.2 0

_ 3050

_.35.8

S268

3.6 3600

99.8

38.7

4710

5238

4368

1 43.1 4900

2.0

117.4

&149

50 . &

5766

156.8
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Table no.12,

dynamic loads anchor cable Bulk Carrier

_DYNAMIC

LOADS ANCHOR CABLE BULK CARRIER

Break Load (Bl
chain o 7060 kN

Water depth:
76.80 meter

Holdirng Fower
Mrnahor

(H. B
1328 KN

Regular wave
T: 10.2 sex
amp: 3.%57 m

Method Bow motions

Current
2.9 m/sen

Surage

Feriod amp
S ni

Station waterline

F A Bl
kN

Station, Anchor

7 Inorease
kN SjH R s

10.2 0

15L4 =1.8

1739 24.6

1372 -

1601 20.6

2230 3L.6

2113 59,1

2596 36.7

2477 86,5

3066 43,4

2950 122.0

10

3660 51.8

3544

166.0

Trochoidal
T: 10.2 seea
amp: 3.57 m

Method Simple motions

Cunmrent
2.9 m/seac

10,2 0

1488 23 P

1550 14,3

2058

1928 4%, 1

%

2490

2378 72.0

6

124.7

3111
3773

2985

B6HB3 17%.0

mwm

4212 89,7

4084

207.%




2.13

Table no.13, dynamic’ loads anchor cable container ship

DYNAMLIC L.OADS ANCHOR CARLE CONTAINER SHIF

Break lL.oad (B0
ehain 7700 kN

Water depth:

78.0

meter

Holdirng Fower
Archon

(H.F
1436 kN

Reqular wave
T: lﬂiﬁﬁsec
amp: 3,57 m

Method Row motions

Current
2.9 n/sec

Sunrge

‘Statior waterline

- Station Anachor

Feriod amp
s@ m

kiN

Z By

B Irnorease
<N H.F, %

10.2 [

1637

21.3

1477 _ o BE

1741

)
LY =)

1520 10.7

2139

27.8

1997 39,0

2947

33,1

2407 67.6

38.9

98,6

10

=P

3443

44 .7

2853

3326 C131.6

Trochoidal
T: 10.2 sea
coamp: 3,57 m

Meth@d

Simple motions

Cunrent
2.9 m/seq

10.2 ) 0

1818

23,6

_ Los3

15.8

8]

2187

=284

2040 42,0

2658

34,5

2522

76,1

I2R6

G

3158

[ & - ]—:‘;(;.' QM
4010 2.1 3874 169.7

10

4235

5%.0

4145

188.6




2.14 Table no.14, Energy contents chain cable Tanker
' - N
TANKER
Equipment |Dis— Depti Chain FD Catenary Taut
| fidmber placement
torn - dia enardgy exount= | energy | exan—
(1000 ke ” sion Si0n
m ©omm  kNm m KNm m
£870-3100 50.000 10.00 73 238 09,20 380 0%, 41
Rule 17 .43 73 516 15,62 842 16,01
formula 30.00 73 1080 25,92 1842 26 .94
b 70.00 73 3246 55,71 5813 G, 24
. 3210~3400 10.00 78 GRé 0? .45 bb66 09,59
Forae 17.43 78 P41 16.17 1493 16.48
metihod 30.00 78 2016 27.17 32632 27.88
70.00 78 636 60,02 10799 62,49
2.15 Table no.15, energy contents chain cable Marin Tanker
MARIN TANKER
Equipment [Dig- Depth Chain FD Caternary CTaut
riumber placement
torn odia energy arxant- | energy | emounn-
(1000 kagd : BLon Si0n
. v m mm kiNm m _kiNm m
6900=7400 246,868 11.2% 114 856 10,46 1358 10.65
Rule 28.35 114 3l10 25,19 $107 25,19
formuala 4%, 36 114 872 | 38,99 PERP3 40, 58
113.40 114 192119 -88.73 34705 24,80
8200~ 11.2%5 137 1396 10, 53 w202 10;71
10000 28.3% 137 512 25,50 8333 26 .21
Force 45,36 137 PG 39, 62 16210 41 .04
methiod - 113.40 | 137 32339 ¥1L.07 875085 46,957




32
2.16 Table no.16, energy contents chain cable Bulk Carrier
BULK CARRIER o
Equipment |Dis- Depth Chain FD Caterary Taut
| nmber placemeant . '
, ton dia eNerqgy exar— | energy | exouns—
(1000 ke ' sion |sion
m nm KiNm_ m_ KiNm_ . m
38004000 87 /320 11.25% 84 3466 10,2 588 10,52
Rule 19,20 84 768 17,04 1262 17.58
formula 4% .00 84 RIPG C 37 .36 414é 39.2
I 76.80 84 4711 | 5599 8566 | 64.12
i 55005800 11.25 100 788 | 10.57 | 1240 | 10.74
Forae 19,20 - 100 1684 17.68 2689 18.07
method 45,00 100 H481 39,60 067 40,995
76,80 100 11203 b4, 84 19144 67 .81
9.17 Table no.17 ,energy contenst anchor cable Container ship
CONTAINER SHIF
Equipmert (Dis~ Depth Clain FID Catenary Taut
raamber placement
ton dia energy exon= | enargy | exaun-
(1000 kg ' sion sion
m mm KiNm m liNm m
N B400-3600 | 48,837 19,50 78 694 | 17,34 1139 | 17.88
Riugle 78.00 78 G274 61,12 7751 65,27
formala -
$800-46500 19,50 105 1876 17 .94 3000 18.33 .
Fordée 78.00 105 12438 65, 64 21310 68.70
method



2.18

Table no.18,

beta
deogr

190.0
190.0
190.0
190.0
120.0
1920.0
190.0
190.0
190.0
190.0
190.0
190.0
190.0
190.0
190.0
120.0
190.0
190.0
190.0
190.0
190.0
190.0
120.0
190.0
190.0
120.0
120.0
120.0
190.0
1%0.0

IMFACT AND IMFACT ENERGY RESULTS

Type ship is
Displaced mass is
Length b.p:p. is
Peam is

Draft is .
¥ coord H pipe is
y coord H pipe is
Radius gyration is
Density water is
Water depth is

Y - ™a
m/ses degrs/m Degr/m

0.00 0.00 Q.00
0.00 5,00 0.925
0.00 10.00 1.90
0.00 15,00 2.85

0.00 20.00 3.80

0.00 2%.00 .4.74
0.10 0.00  0.44
0.10 5,00 1.39
0.10 10.00 2,34
0.10 1%.00 3.29
0.10 20.00 b, D4
0.10 2%,00, 5,19
0.20 0.00 0.89
0.2 5,00 1.83
0.2 10.00 2.78
0.2 15,00 3.73
0.20 20.00 4,68
0.20 2%.00 5,63
0.30 0.00 1.33
0.30 %, 00 2.28
0.30 10.00 3.23
0.30 15%.00 4,18

0.30 20.00 5.12

0.30 25,00 6.07
0.40 0.00 1.77
0.40 $.00 a,72
0.40 10.00 3.67
0.40 1%,00 4,62

- 0.40 20.00 .57

0.40 25.00 & 52

- A77B2,

Loaded tarnker
50000000.0
164 .00

32,24

11.62

77.00

8.00

0.24

102%.00

70.00

delta p
kiNg o

0.0
2260.1
49520, 1
6780 .2
?040.3

11300, 3
879 .7
7181 .4
8876 .4

10780, 7

12801.3

14890.8

11759 . 4

12929, 7

14362.8

15988,

19619,
174639,
18759,
20073,
21544,
23142.8
24844 .3
23%18.7
24613.3
25859.5
27236.5
28725.95
30310, 1

RMErOWNO

Impact and impact energy results Tanker

ka.

m,

m.

m. -

m.

m.
keg/m3 .
m.

Ed
kiNm

ag.0
139.6
558, 4
1256 . 4
22339
3489 .9
266.8
390. 4
793, 1
147%.0
2436, 1

3676 .4

1067 . 4
1174.8
1561.4
2227.3
3172.3
4398 .5

2401 .4

2493.0

2863, 5

3Z513.3
Gl by 2
5650.3
L2695
4344 .8
GHPD X

53329

6265.8
7437 .8

33
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.19 Table.no 19, force/energy excursion loaded Tanker

Type ship is lLoacded Tarnher
Force/Energy exoursion of Anchor ochair

Equipment ramber 0

Type RAnakior AgQ

Mass Anchor 15000.00 kg,

Correction mass Anchor 1.00

HF factor é

Holding power anchor 882.90 kN. !
Grade chain uz , s '
Dimension chain 78.00 #&im.

Mass <chain 13920 kg/m, ,

Densilty <hain mat
Density water

7850. 00
1025, 00
70.00

kg/m3.,
kg/m3 .
M.

Water depth

ForceH

N

.000
%0.000

100.000

150,000

#00.000
250,000
300.000

3%0.000
400,000
450, 000
$00. 000
$$0.000
400,000
650, 000
700.000
750,000
800. 000
8%0. 000
882,900

Energy
lxNm

0.000
832,625
1110. 214
1628, 094
2096 . 754
2h26.883

2926.266
3300, 510

3653, 752
3I989.128
4309 .074
4615, B4
4910,044
5193,.919

5468, 221

5733.85%
5921, 587
bH242,085
6403 . 248

Ultimate Taut.Case

Estenianrs

Enargy

$Lon 62,494 m,
10810.964 kNm.,

Exeunrsion

m

0. 000
34,95199
43.00686

47 .22171

49, 92419

"51.84664

$3.30449
94 , 45920
5$95.4031%
6. 19354
54 . 846802
57, 45237
57.96504%
58,4195
58, 82623
59, 19283
59. 52554
59 . 82933
&0.01%37




2.20 Table no.20, Maximum speed when anchoring Tanker

MAXIMUM SFEED WHILST ANCHORING

Type ship is l-oaded Tanker

Displaced mass is - 50000000 kg,
Length bh.p.p. is8 164.00 m.
Peam is : 3224 " m.
Draft is ' 11.62 m.
M coord H pipe is » 77.00 m.
vy coord H pipe is 8.00 m.
Radius gyration is 0.24 -
Density water is 1025.00 kg/m3.
Water depth is Z0.00 m,
Chain energy Ult Taut 10810.00 kNm,
Chain erergy is - 6403,00 kNm
Impact ernergy is ©O22R7.00  kiNm
Resultant envir, forae is - 40,00 kN
Exaunrsion is H2.49 m,
beta . Ve T Vs Vs
degr m/ s deagr/m m/ s krots
190.0 0.00 0.00 0.48 0.9
190.0 ' Q.00 2.00 Q.48 DL
190.0 - 0.00 4,00 0.48 0.9
190.0 0.00 6.00 3. 49 0.w
1%0.0 8a.00 -8.00 0.4% 1.0
190.0 Q.00 10.00 0.49 1.0
190.0 0.05 0.00 0.48 0.9
190.0 0.0% 2.00 J.48 0.9
190.0 0.0% 4,00 0.48 0.9
190.0 0.05 6 .00 0. 4% 0.9
190.0 0.05 &, 00 0.4%9 1.0
1920.0 0.0% - 10.00 - 049 L0
12070 0.10 - 0,00 0.4% 0.9
190.0 S 0.10 : 2.00 0.4% 0.2
190.0 0.10 ‘ 4,00 0.49 1.0
120.0 0.10 6.00 0.4% 1.0
1920.0 0.10 ‘8.00 0,49 1.0
190.0 0,10 10.00 0.%0 1.0
190.0 0.15% .00 0.49 1.0
190.0 0.1% 2,00 - 0,49 1.0
190.0 0.15 4,00 0.50 1.0
190.0 ' Q.19% 6 .00 .50 1.0
120.0 0.1% 8,00 G.5%0 1.0
190.0 0.1% 10,00 Q.51 1.0
190.0 0.20 0. 00 4,50 1.0
190.0 Q.20 2,00 0.5%0 1.0
190.0 0.20 4,00 . 50 1.0
190.0 0..20 &.,00 Q.51 1.0
190.0 0.20 8.00 0.%1 1.0
1920.0 0.20 10,00 Q.51 1.0




Table no.21, Impact and impact load

9.21 comparison
Type Water | Displ | Maxi- | May~ | Chain | Chain | Im=- Inp/s
ship depth mem imuiny dia break | pact brk
_ spead | speed load load
m k=10% m/sec | knots mm N lkNs san
leg '
Tan— 17.43 %0I« | 0.09 0.2 73 3920 22601 0.%7
ker , 0.11 2 78 45001 7181 ] 1.60
- - 70,00 0k | 0,32 0.6 73 IR0 | 14362 3,60
0.53 1.0 78 4500 | 15988 3.55
Tan- 28,39 235k | O0.14 0.3 114 8900 | 32813 3.468
ker ' 0.21 0.4 137 12160 | 20193 | 1.66
-, L 1l13Z. 4 235k | 0.42 0.8 114 8900 | 670381 7.53
0.5%9 1.1 137 12160 ) 27522 8.02
Bulk 19.20 87k | 0O.14 0.3 84 5160 3%84! 0.70
care 0.20 Q.4 100 7060 8974 | 0,85
- - 76 .80 87Kk 1 0.31 0.6 84 51601 221051 4.28
0.56 1.1 100 7060 | 33653 4.77
Con~ 19.50 4%k { 0,12 0.2 78 4500 22001 0.4%
tain 0.28 0.6 105 7700 66511 0.86
er .
= - 78.00 4%k | 0,37 0.7 78 4500 | 2388811 5.30
1 0.79 1.5 105 7700 | 38871 5.05
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ANCHCRLINE SHAPES

Fﬁlly developed

Figure no.t
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DYNAMIC EFFECTS ANCHOR CHAIN -CABLE MARIN TANKER
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DYNAMIC LOAD ANCHOR CHAIN CABLE
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