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Preface

According to the investigation by the Japan Marine Accident
Tribunal in 2004, 40% of ships anchoring under typhoon

conditions experienced their anchors dragging.

Generally speaking, dragging the anchor happens in rough
weather and weighing the anchor may take some time in such
circumstances. Even if the anchor can be successfully raised
in rough weather conditions, further time may be required to
restore the ship to full manoeuverable condition. The usual
weighing operation, therefore, may be abruptly transformed
into an emergency procedure requiring experienced skills and

cool judgment.

This refers to how and why dragging the anchor occurs and

how to deal with a dragging situation.

81 Accidents Involving Ships
at Anchor

Accidents involving ships at anchor usually occur when the
anchor drags and the vessel drifts without holding power,
leading to collisions and/or groundings or strandings. The

following considerations should be taken into account:-

@ It can take some time to realise the anchor is
dragging, despite the ship drifting. A vigilant bridge
watch is, therefore, essential.

@ It takes some time to weigh the anchor and restore
the ship to full manoeuverable condition, even though
the ship may be drifting for that period. Contingency
plans must be in place to ensure rapid response
times.

(® During the period beginning with the detection of
dragging to the time full control is achieved over the
ship’ s manoeuverability, the vessel may run danger-
ously close aboard, or into another ship or structure,
or into shoal water.

Unless heavy weather causes the vessel to capsize, no
serious accident should occur just because a ship is dragging
its anchor, provided there is enough space around it for
manoeuverability and enough time available to restore it to a

fully controlled condition.
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The considerations outlined above become of even greater
importance in the case of a crowded anchorage where there
may be insufficient space between vessels to deal timely
with emergencies such as dragging anchor and drifting out
of control. The master of an arriving vessel should satisfy
himself first that the anchorage is safe in all respects before
committing himself to anchoring.

Masters and deck officers are advised to familiarise
themselves with the following concepts in order to prevent as

far as possible a ship from dragging its anchor:-

(1 How and why dragging the anchor occurs.

(2 Difficulties with vessel manoeuverability while drag-
ging an anchor.

(® The assessment of what constitutes a safe anchor-
age, including contingency plans involving the time
and space required to regain control of the vessel if
the anchor drags.
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8§82 The Reason Why an Anchor Drags

[RESH ] &3, S & SHSH TR S N B HREET) (JEEEDD)
TR BHNNHEE S i E REICKD 2 & T,

BARE KRS D SO R S & AMMCE < TR
RUERICE B4 0] » [sHEHHICK 2REED (BB
)] & EWEYEHETI SR THIIE LTl A IR
RERTRETT,

FRCE L, HAECB VTS, REBRAM 2K & 70
SN RGN OB 4 BB 2 [SlgAMH RO HZ |
R ESHATE] IZOWTUTIORT b od¥Es L sh
TwEd,

miERDBHBEERR,,

d:KiE (m)
L : $igioMibE (m)

-H$®&% WCRENTWBEHE
B OREEIRAE  L=3d+90m
FEREEDOSET L=4d+145m

c BEOBMFIORENTW S HE
L=39 xyd

A ship’s anchor drags due to the impact of external forces
on it which exceeds the holding power of the anchor and

cable.

Masters and deck officers should be aware of how various
parameters, such as the scope of cable in relation to the depth
of water and the effects of wind, wave and tidal forces on
the vessel, can in turn exert excessive forces on the anchor
and cable system leading to break-out of the anchor from
the ground and dragging. In the above connection, there
still remain some empirical or “rule of thumb” methods of
assessing the scope of anchor cable required under various
circumstances of water depth and expected weather condi-

tions, for example:-

Empir,ic:al.or.Rl uIe.of.T,hI umb.MethI odslfor.
Al ssessinI g.thI e.MinI imum.R| equir,ed.LenI gthI .of.
Anch or.ChI ain,

Where:
d: Water depth(m)
L: Minimum Required Length of Anchor Chain(m)

+ Japanese Publication Theory of Ship Operation
L=3d+90m
L=4d+145m

Fine weather:

Rough weather:

+ United Kingdom Publication Theory of Ship Operation
L=39 xvd
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Traditional,Means,of,Detecting,a,Dragging,Anchor,
(D Checking the ship's position, to confirm whether it is
placed outside of a turning circle.

(The most currently reliable way of checking whether the anchor
is dragging is to carefully monitor the vessel’s position by visual
and electronic means to confirm whether it remains within a

swinging circle defined by the scope of anchor cable and the
distance from the forecastle to the bridge. If it deviates from
the circle, the ship is likely to be dragging its anchor. Reliance
should not be placed on a single method of fixing the ship’s posi-
tion. Cross-check whenever possible with an alternative means.)

(@ The bow cannot stand against the wind.
®) The ship’s side against the wind hasn’t changed.

@ Checking to see there is no slacking of chains just
before a ship’s side against the wind turns.

(® Checking whether there are extraordinary vibrations
through the anchor chains.

(® Checking the course recorder in case it does not
indicate a “figure-of-eight” motion locus.

The above methods remain well-tried but, of course, only
confirm that the anchor is dragging. They do not predict
when dragging is likely to commence.

According to one current study, an analysis of anchor
dragging has shown that there are two associated phenomena,
or stages, to the process which indicate that dragging may be
about to occur before it is detected by the more usual meth-
ods outlined above. (The following considerations exclude
those cases where the initial position of the anchor, rather

than the ship, has been fixed and subsequently monitored.)

L O—4— Recorder

_5_
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- The, Eirst. Stage,..Dragging,Anchor.with
Yaw,and,Sway,
Yaw and sway motion of a vessel when lying to an anchor is
sometimes referred to as “horsing”. Area [A] in the diagram
shows the situation where the ship is lying at anchor and

yawing in a “figure-of-eight” motion.

It has been found that as wind pressure force begins to exceed
the anchor’s holding power, the ship yaws and is pressed to
leeward, as shown by area [B] in the diagram.

It is suggested that, during this period, it should be relatively
easy to control the manoeuverability of a ship in such a state

and to weigh the anchor.

- The,Second,Stage,:.Anchor.Dragging,Caused
by.Wind,Pressure

Where wind pressure force gradually becomes stronger, one
side of the ship turns against the wind and is then pressed and
moves to leeward at a certain speed, as shown in area [C] in
the diagram.

It is suggested that, during this stage, it is difficult to weigh
anchor and, even if possible, this takes a considerable amount
of time. If weighing the anchor cannot be accomplished, the

ship loses its manoeuverability.

Very large vessels, such as loaded container ships and car
carriers have a large windage area. In their case, full control
may be lost even though the ship’s main engine and bow

thruster have been utilised when weighing anchor.

Dragging anchor may not be detected by the usual
methods until the vessel has entered the second stage
described above, by which time it may be too late to
avoid a dangerous situation from developing.

Personal computers, nowadays, can be used to calculate
external forces on the anchor and cable system. The calcula-
tions utilise catenary equations which take into account the
water depth as variable, the anchor holding power, the type
of anchor, environmental forces and the forces acting on the
windlass and cable stopper. The results of the calculations
are used to show the minimum required length of anchor
chain and the area needed around the ship for a safe anchor-

age.
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In addition to the usual methods of checking the vessel’s
position by reference to fixed points described above, early
prediction and detection of the dragging of an anchor is
also possible using the ship’s wake indicators in the ECDIS,
RADAR and GPS displays. Therefore, counter measures
for the safety are required to be taken as earlier as possible.

ECDIS.. RADAR OBHEZNS WL ICtNDEZ . GRS Dz RS BIcikn@ ) EHEDRRH

The.following.,images.are.examples.of. GPS-plotted,wakes.on.ECDIS.and,RADAR
screens,.showing.the.anchor.dragging,with,yawing:-

ECDIS

RADAR

BZZBEansS%E %, FEREHZRIIEUICER. GRS ICEDERTGMEREHLNT LILTRT

ShcLd.

The.display.depicts.the.moment,the.ship.s.starboard.bow,turns,against,the.wind.
GPS.indicates. direction.and,speed.of the ship’s.movement, by. vectors.

ERERB IR
Initiation of dragging anchor by wind pressure force

_7_



3E BERENHEHE §3 Wind Pressure Force Calculation

Ea=2X,.(Hughes). D1t 4 Hughes,Formula
Ra =1/2 X p X CRa X Va® X (Acos® 6 + Bsin® 8) / 1000 (ton)
0 DR R A (]

Wind direction from bow [degree] (Relative Wind Direction)

Va : MHxEGE [m/sec]

Headwind speed [m/sec]

o D 22 EE [0.125 kg - sec’ /m?]
Air density [0.125 kg * sec” /m"]

A RBEAMEO R [nf]

Ship’s projected area from bow above waterline [ni]

B KM EMMEOMEEGEHAE [ni]

Ship’s projected area from side above waterline [nd]

a CREROOMEDSOHRE [m]

Length from bow to wind pressure center [m] (Point of Action)

Ra :JBU+&7] [kgl — “ton” 123 47:®. 1000 TH %
Resultant wind pressure force [kg] — divided by 1,000 to be “ton” (Total Wind Force)

a CEENA [E]

Wind pressure force angle [degree] (Angle of Action)

CRa : JiUE#% (FitalEic Xk Yk %) Wind pressure force coefficient
CRREIC & D SR AT B

This varies for different ship types, as follows.

_ A 17 A (0)
%M Passenger Relative Wind Directon
:1.142 - 0.142cos2 6 - 0.367cos4 6 - 0.133cos6 6 ' ﬂi?-v: E’V‘"d Speed
| a(m/sec)
— WA General Cargo | o
. ~ A/ BEHAE ()
. 1325 - 0.050C052 0 - 0.350COS4 0 - 0.175COS6 0 MEDSRE | Wind Press. Force Angle
. . . FOETOERE o . g7
52—+ 2\V7—, Tanker & Bulk Carrier Length from Bow to s
1 1.200 - 0.083cos2 6 - 0.250cos4 6 - 0.117cos6 6 Wind Press Center | .-~

/ |

BE&TIRa |
Resultant Wind

BREAHIRED_FICHEIT S, Press. |
Resultant wind pressure force is proportional to the |
square of wind speed.
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84 Holding Power Created by

45 Anchor and Anchor Chain

i & HHEHIC K DIEEEN

S HioBELES (75U =) (m)
Catenary length against the external force (m)
y KEAAKFELSNLIYZAETOEE (m)
Water depth + Hawsepipe height from sea surface (m)

I SlSHOMREERES (m)

B: NJL¥J X (Bell Mouth)

Minimum Required Contacted Tz 847 (External Force) >
) Tx : 4441 (External Force)
length of the chain (m) &
Sea Surface
L CHOHLSHE S+ 1)
Minimum Required Length of L=S+! S Y
Anchor Chain (m) (S+ ) !
‘4 ------- >k
Tx 44 (kgh) Sk
SHHD 4 3 BIE
External force (kgf) ‘ﬁmgg o Eaness ’ Sea Bottom
Cable Contact Catenary

H (% &#8HIC K B1EEH . Holding Power Created by Anchor and Anchor Chain)
=Ha+Hc=AaXWa + Ac X Wc X1

H siEsisic X 23080 (kgs)

Holding Power Created by Anchor and Anchor
Chain (kgs)

CENC X AIEEET) (kgs)

Holding Power by Anchor (kgs)

CESHIC X A HEEET (kgs)

Holding Power by Anchor Chain (kgs) (Resist-
ance of Cable)

Do ZerhEE (kgs)

Anchor Weight in Air (kgs)

DESE 1 mY47z ) oZehE R (kgs)

Anchor Chain Weight per m in Air (kgs)

Wa' : $liokhER (kgs)
Anchor Weight in Water (kgs) = 0.87 X Wa (kgs)
Wc' : 4§88 1 mdb7zh ok ER (kgs)
Anchor Chain Weight per m in Water (kgs)
=0.87 x We (kgs)

Ha

Hc I SHSOAREETEE X (m)

Minimum Required Length of Anchor Chain (m)

A a OB EHK PR EL
Anchor Holding Factor

A ¢ SHEHOEEHIRPIAREL
Anchor Chain Holding Factor

A a  EHEUEHCHUR B D, Anchor Holding Factor

Type of Anchor i e SR
H Sand Mud Dragging Anchor
JIS 3.5 3.2 1.5
AC14 7.0 10.6 2.0
Ac : SO BRI,/ Anchor Chain Holding Factor m ﬁ?
{REERS TESHRS =
A Holding Dragging
¢ 075~ 10 # Sand JE Mud JIS AC14
0.75 0.60
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85 Calculating the Catenary
Length of an Anchor Chain

The following formula provides the catenary length of an
anchor chain. It should be noted that the external force
becomes greater as the catenary length increases.

S=vy2+2(Tx/Wc') y
28 A 7+ ) —E8% (m) . Catenary length against the external force (m)
y DKEAKED SNV IZAETOEE (m) ~ Water depth + Hawsepipe height from sea surface (m)
Wc' 88 1 md7oh) oKk E R (kgs)  Anchor chain weight per m in water (kgs) = 0.87 x We (kgs)

Tx 40 (kgf)  External force (kgf)

s, sigifhihe L) 2—Es La, Ak
(2R ERIEHTFT)-RORE (S) bKELLBD
T, TOHEFHBRERORS (1) »ELRD, §isd
X BB WA L 9,

6E fH- MHOERG

TRICREN MO & S OB 2R L 75
EBIHERS NG - SR B X s TR LT
T3 il md7o ) oRAEREEKERX (002194°) T
ROTWET, KOS - SiSHOERIICEMNELZ SR L
TFEWo

Under the condition that L [Minimum Required Length
of Anchor Chain (S + [ ) ] is fixed at a certain level, if Tx
[External force (kgf) ] increases, S [Catenary length
against the external force(m) ] will also increase. On
the contrary, however, / [Minimum Required Contacted
length of the chain (m) ] decreases so that H[Holding
power created by Anchor and Anchor Chain (kgs) ] will be
diminished.

86 Examples of Anchor and
Anchor Chain Stowed on Board

Examples of anchors and chains stowed on board typical
kinds of ships are shown below. The anchor and cable outfit
is determined in accordance with the Equipment Number of
each ship which is set by the Classification Society rules.
The minimum weight of anchor chain per meter length
may be estimated by the formula 0.0219d”. The actual as
fitted details of a vessel’s anchor and cable outfit should be

included in the ship’s documents.

% - SHSHDIZH B Examples of Anchor and Anchor Chain Outfits

#$H Anchor chain
A%y HOER s
Type of ship Weight of anchor : 7 ~Im '&7‘.: UODHi/J\E;
Diameter Minimum weight of anchor chain per 1m

230,000 DWT VLCC 18.7 tons 102mm 228 kgs

6,000 units PCC 10.5 tons 87mm 166 kgs

8,000TEU CTNR 15.0 tons 98mm 210 kgs

25,000GT CTNR 8.3 tons 81mm 144 kgs

5,000GT G.CARGO 2.7 tons 56mm 69 kgs

_'|O_
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§7 Excel Spreadsheet
7E BEFEHEE &E(E Calculation of Wind Pressure
Force

JEE ) EHE 2% (Wind Pressure Force Cal. : Just Reference) —

Relative Wind Direction
1 Az & BT 2 BUR N BB S 52 2T, i

This formula calculate the wind force of your vessel at the wind speed. 1

JAE:Wind Speed
Va(m/sec)

FJExF S (Storm Wind : More than 13m/sec) @ FJE# (Ave. Wind Speed) x 1.50
AR (RESULTS)

2 WO BE FH ELBNIIC AT S R —/ sEmmo
The wind force coefficient in each kind of ship is calculated automatically. SR pEE Wind Press. ForceAngle
P a -
3 TEZEANLTLZ S v, (Input following data) z::;zfgow ma s .
Loa (m) 200 Wind Press Center .
IET I RE (Projected area (Front)) (m2) (A) 800 :m =
i 521 A (Projected area (Side)) (m2) (B) 5,800 : (RL)
Jal# (Wind Speed ) (m/s) 19.5 | (AveWind Speed x 1.25 or 1.50) . -
JiE (Kind of ship)  Figs»5®.5 ) REA DA '
(Passenger, PCC, Ctnr:1 General Cargo : 2 Tanker, Bulker: 3) gre::s”anl Wind :
k JEGEIRLTFZHZICLTANLTL 2ZE v, (Input Wind Speed by below ref. data) i
PfEl: (Less than 8 m/s) © EJEE (Ave. Wind Speed) d
@RS (Strong Wind : 8 ~ 13m/sec) © PJEaE (Ave. Wind Speed) x 1.25 !
1
1

Biafs (6) | ot (R | gt (A | EHOR BT | (ERE (@) | e (@) | M (CRa) LR ()
x;dbil‘;ec[ggn) Total wind force (t)| Longitudinal(t) Ti (t) | Point of action(m) | Angle of action(deg) Factor 1 2 3
0 14.26 14.26 0.00 58.20 0.00 0.75 0.500000 0.750000 0.750000
10 20.84 1850 9.60 62.80 2743 0.92 0.660925 0.922400 0.871994
20 43.23 30.23 30.90 67.40 45.62 1.31 1.035993 1.313421 1.151506
30 80.39 40.60 69.38 72.00 59.67 1.65 1.387500 1.650000 1.400500
40 118.01 40.06 111.01 76.60 70.15 1.73 1.528709 1.732710 1.479010
50 139.78 29.83 136.56 81.20 77.68 1.58 1445025 1.575075 1.390836
60 145.98 18.21 144.84 85.80 82.83 1.35 1.263500 1.350000 1.249500
70 150.59 9.95 150.26 90.40 86.21 1.22 1.120549 1.215025 1.161670
80 159.95 4.46 159.89 95.00 88.40 1.19 1.060798 1.191369 1.144983
90 165.41 0.00 16541 99.60 90.00 1.20 1.050000 1.200000 1.150000
i 47 8556 IEMfRUEEST (LEt#0 6 = 0 Oftio> 6 £, Tanker/Bulker i 4 £%)
(Impact) ) Wind Force on Front (# = 0) x 6, Tanker/Bulker X 4))

%)) PCC/CTNR #o¥6. IEMBEUEIID 5 ~ 6 5. EDMOMTIL 3 ~ 4%
Impact Force : Wind Force on Front X 5~ 6 for PCC/CTNR/Passenger ship, X 3 ~ 4 for Tanker/Bulker

FHEEIL / Calculation,Formula,in,Above.Spreadsheet

JEJE 77,/ Total Wind Force
Ra =% X p X CRaxVa® X (Acos’6+ Bsin’6) /1000 (ton)

JEUE ) DMy E 104373~ Longitudinal Force
RL = Ra X Cos a
JWULE ) D IEAE 5371,/ Transverse Force
RT = Ra X Sin a
a {EHJ. Point of Action
a = (0.291+0.0023 X 0) X Loa
a 1Eff Angle of Action
a=[1—015%x (1—6/90) — 0.8 X (1—6 /90)°] x 90

JAJF42% (CRa) .~ Wind Pressure Co-efficiency (CRa)
1 1142 — 0.142co0s2 6 — 0.367cos4 8 — 0.133cos6 6 (Passenger Ship / PCC / Container)
2 1.325 — 0.050cos2 8 — 0.350cos4  — 0.175cos6 6 (General Cargo)
3 1200 — 0.083cos2 6 — 0.250cos4 6 — 0.117cos6 6 (Tanker / Bulker)

7% / Impact Force
PCC/CTNR/Passenger Ship Wind Pressure on Front X 6
Bulker Wind Pressure on Front X 4

_'I]_
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R SRR B, SHEHILIR - 72 IR

PRI Y DA & 7= E, $HEHIC & 2 )25
KLT HHIZZORENADL AT v ZIREEIZAD ,
C 0BT BREVARKIE D S,
—HARAZZHSHSBICER Y . S8 & i AR
— RS L TR E LB BIINHET 5,
MARE IO TFE RN TEL IR S,

88 Horsing (Yawing and Sway-
ing) Motion and Impact Force

The vessel is oscillating about the anchor with a yawing and
swaying motion from side to side, as indicated by the move-
ment from (D) — (2) in the diagram. At this stage, the anchor
cable is under tension.

At position in the diagram additional weight comes on the
system as the vessel is brought up sharply and “snubs” the
cable. As tension then relaxes, the ship’s bow tends to
pay-off in the opposite direction (position 3) to (4) in the

diagram).

The pattern of oscillations continues through posi-
tions (5) , () , @) and (8 in the diagram and is then repeated.

In this way, the ship’s center of gravity is moving in a
“figure-of-eight” pattern as illustrated by the green track in

the diagram.
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89 Excel Spreadsheet Example of
Anchor Holding Power Calculation

1

il - SHBHIC X B HREEENE 221 (Anchor Holding Power Calculation : Just Reference)
FRSNDHNR UARIE R 5 LB KR O SisH R S 25T L E 3%

The formula in this page are to calculate the holding power of your vessel's anchor and anchor chain.

2 fHL, PRAVIDSHIOMELT) (Wa' x 2 a) Z0/ASead, Festasic o0 mLsisims LTuEd
In case of External Force<Anchor Holding Power (Wa'<Aa), required length of chain is to calculate by following formula.
Required Length of Chain=3 xd + 90 m (Only External Force < Wa’ x Aa)

3 TR KIIIDOAT) (Expected total external force)

FRIRAIONZ, HEIORESE2MH 58, PCC/CTNR DY 4

IETHRETI D5~ 655, DM TIZ3~445

Expected total external force should be input by Maximum Impact force. For PCC/CTNR Ship : Wind Pressure on front x 5 ~ 6,

Other type of ship : Wind Pressure on front x 3 ~ 4

* B JRESIEH R THE 0 BED Y& DR TI7% 15 b - PR K S

15x5~6= 75~90 b~ (PCC/CTNR)

1E) As per Wind force Cal., Relative Wind Direction =0 : 15ton : Max Impact Force 15 x 5 ~ 6 for PCC/CTNR= 75 ~ 90 tons

T5#H A 7T (Input Data)

K E (Result of Calculation)

=&, (Calculation.Formula.in.above.table)

@i OIER%EL~ Anchor Holding Factor
(B X W 72 % : Subj. to Kind of Sea Bottom)

FHRENDKIV) (F>) @ Tx (%)) 85.56 HERC2 HEISHALE TORE 1 (v) 25
Expected total external Max. force (MT) :(Tx Impact Force) . Total height (Bottom to Hawsepipe): () m
SioZehHE () 1 (Wa) 10.5 MINIHE T ZA7H)-RE 1 (S) 174
Anchor weight (MT) in Air : (Wa) . Catenary length against the external force : (S) m
$ligH 1m H72 Y OZEFIIBIFLES (Fr) 1 (We) 0.166 ton ST & B ILBER O I NSRS 1/ 150
Anchor chain weight in Air (MT/m) : (Wc) . Minimum Required Contacted length of the chain:/ 50 m
7vA-OREK (JIS M .1, ACIA..2) 2 FHL L B I LIRS 1 L =S+ 304 12
Kind of Ancher (1: JIS, 2: AC14) Minimum Required Length of Anchor Chain : L=S+ / i &5
AT 2MOHMHRARS (T vy o) 12
Total Length (Shackles) of using Chain on board Ss Notice

7 o d 4 = =
R i () : 200 m FEEERTLTLE
K bAANAT ZTO™HBS (m) - h 50 Keep Anchor Watch Strictly
Hawsepipe height from the sea surface (m) : h Uum
SHOBEEARE (4 a) D SOICEAREL (1 2) &, FHEREHINT20, =27 VATT52L,
Anchor Holding Factor: (1 a) AC14 | 7.0 Anchor Holding Factor (2 a) : Use Calculation Formula or Input by mannual.
HiIOHEELREL - (1 ©) O SEHOIEEAREL (1 ) 13075~ 1.0
Anchor Chain Holding Factor : (A ¢) 1.0 Anchor Chain Holding Factor ( Ac) : 0.75 ~ 1.0

@FHIEHIC X BT OR/NERE S
Minimum Required Contacted Length of the Chain

Aa:30 (JIS) [:Tx=Wa'XAa+Wc' XAcX/
7.0 (AC14) e 5
x - Wa a
@#i$ DILE%%L~ Anchor Chain Holding Factor S
Wc' X A ¢
Ac:0.75~1.0

@A HEHILE TOR S
Total height (Sea Bottom to Hawsepipe)
y:d+h
K () +KEASR—A A TETOEE (h)
Water Depth (d) + Hawspipe Height from Sea Surface (h)
@M T A AT T —RKES
Catenary Length Against the External Force

Tx
i 2( wc' )y
@finzehER (Wa) , KpER (Wa' )
Anchor Weight in Air (Wa) , Anchor Weight in Water (Wa')

P KHPEE (Wa') =Wa x 0.87

@%igH lm U7- ) ok ER (W) |, KER (We')
Anchor Chain Weight per m in Air (Wc) ,
Anchor Chain Weight per m in Water (Wc')

:khEE (We') = Wce X 0.87

S:S=

@FH FLELR RO LES
Minimum Required Length of Anchor Chain

L:L=S+/

@41 (Tx) 2SEOIEET) & D /S wis
In case of Tx < Wa' X 1 a

_‘|3_

:L=3Xd+90 (m)

A a : IRELEHER AR OE

A ¢ SHEHO BRI A O E

# (Sand)
& (Mud)
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Counter measures

B3
Effectiveness

810 Ship’s Operational Safety Meas-
ures for Anchorage and Their Effects

s &
Remarks

BIKEZRST B

Increase draught by taking in
ballast water

AEEEDEMICHV, RNEESHIFEI SN
3o

Ship’s weight is increased so that vessel’s
motions (Horsing) are decreased.

EBINTE3/NFZANERMAFREISER,
Consider stability issues.

NILEA-TX—J, TEh
ENAHFAYRIZTS

Trim by the head

BEHOHPRESINICEE TEZEICELY, A
NEBNIHIEIN S,

The point of action shifts afterward and tends
to decrease the horsing motion.

BINTEBNIRNEPMABREISER, TONRTIHVE
HUEWEDISFHE,

Consider stability issues. Maintain propeller immer-
sion.

SEHERIET
Veer more anchor cable

SHSHEBIE E OEBRIRH A EN, RUOHTFHU—
HHRGZDT, EEADME EEHEICNDIEE
NOBFUCHN BRI H B,

Increases anchor chain holding factor.

Extended catenary length absorbs more
external force on anchor.

SEEEXEIFBDIC A vy JILBIIERT 3 2D H D
DT CERBIESICHEN D HB), HEEMmIELLSE
\T588ICE BEFEAEMNT 5,

Consider that weighing anchor is difficult in rough

sea conditions and more time will be required to
weigh the anchor.

fhfzsaE IR OEEE L CER
Drop the other anchor

MEORNEIHICHRI B S,
IRNIEDHEDOFRTIEIRNE) ES LB I, $4
~DEFRAH 30% ~ 40% B SRR H B,
Can reduce yawing and horsing motion by half,
and reduce force on anchor by 30% ~ 40%.

RNIEDFEDHMEE KED1.51) (TEFE, ZThTh,
HEIMIROZEP HIDTEBRNDLE, I, MiED
EvFo 4358 EER,

Consider amount of second cable required is one
and a half times the depth of water. Consider the
possibility of fouling the cables, particularly when
pitching heavily.

miksEEERALT 2 8B, N
$#HRETD

From the outset of anchor-
ing, to deploy both anchors

2 $ERISHEE AN, XA RN E ) IEIR)
RErHs,

Riding to two anchors is said to increase
holding power and to decrease horsing motion.

SEHNBTEP BB, NwAk, BARELISHIELICL,

Danger of fouling an anchor if the vessel is turned
under the influence of wind and/or tide.

NGRS ZADEFH
Use of bow thrusters

MEZRAICITEHZEICEST KRB DOIH]
ROSHERNDOBIMICHEY H2, EEEED
80% DINJZZZXLHENDHETIE, FRh@)D
TBEEENDH 40% E<SRET S,

By stemming the wind, this can effectively reduce
the horsing motion and ease cable tension. If the
power of the bow thruster is 80% of the wind force
on the bow, it is said that width of oscillating motion
and impact force are diminished by about 40%.

RER., BOZEZhBNIXFZ2ERDFRENE D b
KEREEREDIRBARITEEhE LB, MIEBHIERHI/NY
ZZZaNBEBHLEWCEITEER,

The possibility that extended use of the bow
thrusters may not be possible for technical reasons.
Ensure that the bow thrusters are kept submerged
when the ship is pitching and rolling.

FH& S/B - fED A

Use of the main engine in
combination with steering

MESLATENEREEHAL. MEEAICILTEED
29 3E. IRNEVHIFICHRD 5B,

This can be an effective deterrent to the hors-
ing motion and will relieve the tension on the
anchor and cable system.

BENEFEAUCHEEZ —BFIC/- 2585, ZD%EM
EDNRETICESDEXICHENP L <BNDT (BEHHHE
I ZDEFICESHTIEMRPH D, 4FITR KL TlEAM
DEyFL I EEIEEESABRREMEN BB,

Do not allow the vessel to pay-off suddenly when
the tension on the anchor cable has been eased
as a sudden increase in tension may break-out the
anchor. Do not allow the vessel to override the
anchor, particularly in shallow water where the vessel
could impact on the anchor if pitching.

_'|4_
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(1),Example,Calculation,of.the,Increase,in
Holding,Rower.When,Cable,is, \eered
6,000 54 PCC i CHiligh 1 8 2 (13 L 72356 0 BRI a % The critical wind speed under the following preconditions
OYMEZ LT R CRHEET 2 L kO L2 ) £ when one shackle of anchor cable is veered from a PCC laden

with 6,000 units is calculated as follows:-

G S8z MBI LIS DEE DB E

(%t / Preconditions),

$EnzechEE (Wa) ~ Anchor Weight in Air (Wa)
: 10.5ton fEEERR% (4 a) 7.0
=kmER 9135 h > (Wa') ~ Anchor Weight in Water 9.135 ton (Wa')

$HEHD 1m Y=V DZFhEE (We) ~ Anchor Chain Weight per m in Air (Wc)
:0.166 ton/m JUEELR%L Anchor Chain Holding Factor (4 ¢) 1.0
=7/KkKHiH #  Anchor Chain Weight per m in Water 0.144 ton/m (Wc')

BIED S HHEETLE TOEER (y)  Water Depth + Hawsepipe Height from Sea Surface (y)

1 25.0m
%48 1 BIDER & Length of One Shackle of Anchor Cable
1 275m
IEE#smETE (A)  Ship’s Projected Area from Bow Above Waterline (A)
: 800 sqgm
BEJER# (CRa)  Wind Pressure Force Coefficient (CRa)
1 0.75

ZERE (p) ~ Air Density (p)
: 0.125kg/sec’/m*




(#i8H % R 20
i & PR 5RO A TRIE L, Hi0IBE =4}
Jy (%)) & UCHNMARIE L % 2 S h$ 3, #igid
ETHER (h7F)—) LLTwET. $72, BARHE
) L EHRE DR 6 TEHIL TV,

FEJEUE S (1065 tonf) 1203 AEAEEA L 2 — X
DORD S L THRABEMAZ KDL &, ko) &0 F
T

Tx:54H 639t —

External Force

(Situation Prior to Veering Additional Cable)

Before any additional cable is veered, the ship remains in a
stable position by virtue of the anchor holding power, which
is equal to impact force on the anchor and cable system. The

anchor cable is assumed to have formed a catenary with no
cable lying on the ground. Before determining the critical
wind speed, the wind force on from ahead must be calculated.
It can be demonstrated that the impact force (which, in this
case, is the same as the anchor holding power) should be
divided by 6.

B:\JLZJ Z(Bell Mouth)
—

KE

'’Sea Surface

y=25m

B

Catenary

777
— HHEOBRER —
(F7F)—EB)

Sea Bottom

$ENIWEEH =41 (&FZEAH)  Anchor Holding Power Being Equivalent to Impact Force (external force)

1 63.9 tonf

= EEFE 5 the Wind Force from Ahead 10.65 tonf

h57FU—FK<& (S')  Catenary Length (S')
: 1509 m (55ss)

FRFRER : 16.9 m/sec
FHREEICEERASE5(E. 11.3 m/sec ~ 13.5 m/sec

* FHREISRFEEE 1.5 £7-(3 1.25 T - /=&,

The critical wind speed can be calculated from the
Hughes Formula as 16.90m/sec.

The average wind speed can then be calculated as
11.3m/sec - 13.5m/sec.

The critical wind speed can be converted into the
average wind speed which is solved that the critical
wind speed be divided by 1.5 or 1.25.

Bis. #OBENDHTIE LEFYRE»#HARTE LS,
These average wind speeds are the maximum limits under which the vessel in this example can lay safely at
anchor without exerting more force on the anchor and cable system than it can withstand.

_‘|6_
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SligH 2 1HEIARR L2 a, BROEGEEH N L £ 3 2%
N U 7 S A i NS AR 72 b B ARBEIR & 72 &3, —EB
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(Situation After One Additional Shackle of
Cable is Veered)

After a further shackle of cable is veered, the critical wind

speed will be increased.

Only part of the longer cable system will lay along
the ground with the remainder forming part of a new
catenary, which will now be longer as it will be extended by
the increased external force caused, in turn, by the increased
critical wind speed.

There is a minimum required contacted length of chain, that
is, the minimum length of chain in contact with the ground to
ensure the anchor is properly embedded. This length (/) can
be determined by the following formula:-

S'+ (275m-1) = \/y2+2x|: Wa' X A a

+ Wc'XAc X/

]

Wc'
B: Ik Z(Bell Mouth)
Tx: 94 H 67.3t ——> K o
External Force N JKiE
K Sed Surface
L=S+[=1784m S=154.8m ,
K y=25m
1=236m -
SN "2 -
IR
Sea Bottom
SN SESHOIRER
gﬁﬁiﬁf‘ (hFFU—2k)
able
Contact Catenary

S' iSRRI OA T FY —EE
: 150.9m
[ A EHSHOREETE S (hE L 7-88H)

FREEFE [ : 23.6m
TR S 0 39m

Total : 27.5m
(S) BRI (HhTFV)—)EX
1 154.8m

(1) fREEE R
: 23.6m
(L) $isioE AT
:1784m (6.5ss)

S’ (Catenary Length before One Shackle is Veered)

: 150.9m (5.5 shackles)

[ : Contacted Length of the Chain (laid over the bottom)
One shackle of cable (27.5 m) veered consists of [
for 23.6m and a part of catenary for 3.9 m.

”

(S) Catenary Length
: 154.8m

(1) Contacted Length of the Chain (laid over the bottom)
1 23.6m

(L) Length of Anchor Chain (after one shackle of cable is veered)
: 178.4m (6.5 shackles)

_]7_



A I\ e 1 AV a
il + S EHAREE IR D FEEE ) The holding power created by the anchor and cable system in
=t @ 67.3tonf (fEEEH) this case becomes 67.3 tonf and is equivalent to the impact force.
) @ Because of the extension for 23.6m, the impact force has been
236m OHHT + 3tonf OIWEEIATM 10 caced by 34 tonf ( = 673 tonf - 639 tonf)
= IR /IS 11.23tonf The wind force from ahead is, therefore, solved as 11.23 tonf.
PR 57 JEL 1 17.3m/sec

(FHsEHR I 2ATE B - + 0.4m/sec)
FHRERICEX®RZ DL 5(E. 11.5m/sec ~ 13.8m/sec

The critical wind speed can be calculated as 17.3 m/sec.
[This is 0.4 m/sec more than before the additional cable was veered (17.3m/sec -16.9m/sec).]
The average wind speed can then be calculated as 11.5m/sec ~ 13.8m/sec.

tHEHMR I ST B U - FHEEDEMIE+ 0.2 ~ 0.3 m/sec
In comparison with the average wind speed before one shackle of cable is veered, there are increases
of 0.2 m/sec ~0.3m/sec to the critical wind speed.

(Example considering the case when a full
length of cable (12shackles) is veered)

(GH#HE 28 12HMMR L LGS

FREOFHECHigE 12 Hieme2 YLz LT, B
FIRBE LT oM ) T3,

If twelve shackles are veered, the critical wind speed is

computed as follows;-

(S) BEL (HT7FV—) EX (S) Catenary Length
1 175.0m 2 175.0m

(1) FREEED E & (1) Contacted Length of the Chain (laid over the bottom)
:155.0m (+22.4 tonf) : 155.0m (+22.4 tonf)

(L) $fsHORE S & (L) Length of Anchor Chain
: 330.0m (12ss) : 330.0m (12 shackles)

il + S SHAREEE D HEEE Holding power created by anchor and anchor chain in

71 1 86.3tonf (HEF7) this case becomes 86.3 tonf being equivalent to impact
= IETHJRJE ) #a5 14.38tonf force. The wind force on front is 14.38 tonf.

PRFEE : 19.6 m/sec
FEHYRERICEZTA DK 5(1F. 13.1 m/sec ~ 15.7 m/sec
(EHREEDEMIL 1.8 ~ 2.2 m/sec)

The critical wind speed in this case is 19.6m (+2.7m/sec) .
The average wind speed becomes 13.1m/sec ~ 15.7m/sec.
This is an increase of 1.8m/sec ~ 2.2m/sec.

BimELORAGE. SHEZMIEILTHE 2K URFREREIEML LU,
Importantly for those on the bridge, the critical wind speed is not increased as much as might be
expected even if the anchor cable is veered considerably.

_'|8_



(2) NI ZRZZZICEL RN E] Y HH

16m/sec DA CRJER O JE O B %% 2 WX, 150 15 =24
m/sec) 12X ZIEMHEE (6000 & PCC) 1322 &4k
F9. TO80% DES (1 + = 100PS) 2SLELRDTE
FOMNBUELRY T3,

22 X 0.8 X 100=1,760PS

AW A S RS &0 il ) %247 5121, W RER
N FEZHF L TNT AT A 22 EFDOICHETL L
PRETT, o T, RREMMEHRLEERMEHARIZOW
THEARL TR LEDENLELRD T3,

(3) EHELMEIC L BHRN O]V HNH

HERICIE R A2 L TIMAZ BUSZTA & 9
R EAT) T ETIRAM ) 2WHTH I A TEH LS
NTWETH, EHBEPSRL &, BEZMHLZ20E
o) 2IREIE, SHARFEGEISED VT WS &
WrL72139) RV TL & 9o BEOMRE T, Hidiad
Lol ), H-oTEBHEAREZTHILDEDHY T,

(4) FrhitHEE - 2 $#R

WAL DG, ME ORI Y IHNZR RSB Y £5
O HBIIKRD 15 5L LT, LaL, iy
ZEAIIED B Z EIIATRT, #EIBEE DD L
WCHEBEPLETY . B Py F 75559 %Y
FIREFEETY,

28z, AREAAPZEEL ZBEICHEIBORIH Y X
Fo SMEHAVE X o THOHINTHE S Z EAVTE Z/NUARHIC R
WHETT A, KRB IFHERTE A

e JAPAN P& 1 CLUB

(2) Example of Reducing Horsing Motion by
Using the Bow Thruster

The wind force from ahead (a PCC laden with 6,000 units),
in an example where the wind speed is 16m/sec, is 22 tonf
(gusting in storm conditions could result in a maximum
instantaneous wind velocity of about 24m/sec, say, one and
half times as strong as in the example ). Generally speaking,
in order to cope with the above wind force, the following
horsepower (assuming 1ton=100hp or PS and 80% of this

capacity is required), would be necessary:-

22 X 0.8 X 100=1,760PS

From the practical view point, so as to enable the bridge
personnel to reduce horsing motion, the most efficient way of
using the thruster, and its prolonged use, should be discussed
with the engineering department so as to avoid damage to the

equipment.

(3) Reducing Horsing Motions by Using the
Main Engine and Steering

In theory, an effective method of reducing horsing motions is
to stem the wind by working the main engine in conjunction
with use of the rudder. In practice, however, when this is
done, it should be remembered that the wind speed is ap-
proaching the critical limit. Care must be taken, therefore, to
avoid a situation where the anchor cable repeatedly slackens
and then becomes taught as this may impose excessive
impact forces on the anchor.

(4) Using the Second Anchor As a Snubber *
Riding to Two Anchors

To drop the second anchor to act as a check, or snubber, is
said to effectively reduce the so-called horsing motion. A
suitable scope for the snubber is one and a half times the
depth of water.

Nevertheless, it is impossible to completely stop the horsing
motion. Care should be exercised when deploying a second
anchor to avoid entangling the cables and creating a foul

hawse, particularly when the vessel is pitching heavily.

_]9_



When riding to two anchors, there
is a possibility that the cables
may become entangled result-
IRk & EE ing in a foul hawse. This method
Sunbber is not recommended for large
Anchor ships because of the practical dif-
ficulties involved in disentangling
large and heavy anchor cables
and it is likely that outside as-
sistance will be required. Smaller
vessels may be able to clear a foul
2 Anchor Mooring hawse themselves.

- 3= M i 2

1ME EHREREE 811 The Critical Wind Speed

AL YHMERATE LI LY. EFNEREERLT While looking into various reference books, there is no
WBEDIEHYEEATL, concrete indication.

B/ Reasons

« EROSHNABH CIE. RERHELZ EOBERERTHICHEDIBRANRE 5,
Within a single anchorage, the holding power of each vessel’s anchor is dependent upon the condition of the
ground in the immediate vicinity, and this may vary from location to location within the anchorage.

o F70, SHOIBELLHERIBR S 4 E DD & ORI I 72D 2 Sl O IREE, KORIZ K o THEEHHE
RiE GtHEfE) 843,
Holding power is created, not only by the anchor, the flukes of which must bite into the ground firmly and remain buried
at their designed angle, but also by the resistance of the cable laid over the ground. Bearing in mind the possible variations
in the composition of the sea bed, the actual holding power may not always conform to the theoretical value
obtained by calculation.

S5, JAVEIC & B AAERL SISO RRICHE ) BIF. R0 RERIC X 2 MEEESEE S h, EMLEZ 2R
T5o TNV, SHOFEICHVZHHDTEEMAERFL2RN 2 EXTLL., BEL THHEICBBLFRREELD R
£9%,

Further, complex combinations of ship motions, such as heel due to wind pressure, pitching, heaving, surging, swaying and
yawing in the wave pattern, together with restraints imposed by the stress on the anchor cable, cause continuing changes
in the direction of the anchor cable and the angle of ,

X "'{' (iR H',“
action on the mooring system. The result is that the anchor F [ [ h”‘ _
cable may be subjected to shock stresses as the cable | ‘ “ T

sags and then tightens.

FERO LRI - A HIZZL L, TR VIRREY S .‘( _ : : | [‘)“
—ETCRESMEESMDBDT. REHAPEHEHBHET | T s L
KROEEERE B, - -
In practice wind direction and speed are likely to change so that
the horsing motion may not be constant and the motion [T} i | I
may even be accelerated. WL T

|
100-
|

=

_20_



INSEFRTIUL, AW ERT 2 Lk, Ho
TEMEEZIZAV -T2 )FEREFA. HiBD
BT EOFHEFICL L EENR 9 EOIE T OHEIEH <
FCTHTZBETHH_EIEEL . BBLTUIR) THA,
ZOWROEESNEOREDONITI & LT &, L) O M
filEe B L7280, B LTSEICTLIREICED S
Z EDBYETT,

vy JAPAN P& T CLUB

It should be remembered, therefore, that the value of wind
pressure force and impact force derived from the formula
may not reflect the actual state. This may be misleading
and ship’s staff are advised to treat with prudence the com-
putations set out on §9 , which are offered as guidance,
only.

not to anchor.

S0 - BAEORREZEIEL. R2Y (4 NTREADO#HATIEERET 5 Z EPFFO
After taking into consideration all the factors set out above the safe and prudent decision may well be

128 EHEOESEEZOR

ES L72Wa, TEAHLETRECE#EL, ﬁ‘ﬁ‘&?}%ﬂﬁﬂ
TREIRREIC L CHEERIET 20, BiWIT 4% i
L CEAT 5 7% EOEEFLETT,

Jis v S TR B AAR & A L 2 U st 2 F - C
WshiVEE & S (AR Z BUC2CTA) 2352 L%
BETTo Lo L, ESTRICOWTRS &, B L 7R3,
JERE - Ml & DR L Vo 7oA R L, wEARE
HIICEER > TV ET,

Z OO EARRINE — IR D & ) ZfEE 2T - T
WBIZEDPIRETTA, W bigs - REHIEICHKIIL
FEATUL,

() SEiH R E S, 2 ik i

MAEPIER S NI LD S &, BEEEIRELS 2D,
ChzHld 5123072 ) OREPLECRY ¥, &
SV OB RS (RALal Y ESORERD) THIEEEDTEE L
RVEBREIZB VTR, SSHIFR L 2 B T 13 2 FEEERD
RDH Y 905 SHSAMBEOMRITEICHBI L2 X 91238
BE o BmAs S TE A,

8§12 Emergency Measures
Taken and Their Effectiveness
After Dragging Anchor

Once an anchor starts to drag, immediate counter-measures
should be taken. These include weighing the anchor in order
to restore a maneuvoerable condition and then re-anchoring,
seeking sheltering in an area where drifting is safe, or return-
ing to the open sea.

Should there be space around the ship with no other vessels
lying at anchor, there may be time to restore a controlled
condition by stemming the wind and weighing anchor. How-
ever, analysis of cases of anchor dragging reveals that, major
accidents such as collisions with other ships and groundings
are almost always the result of a ship dragging its anchor
because control was not restored in the way described
above.

(1) Veering,an,Additional,Cable,and,Use,of
the,Second.,Anchor,

Once a ship starts to be pressed to leeward, inertia increases
and more power is required to overcome it.

At the very early stage of dragging, when the horsing
motion becomes apparent, and before the ship is pressed to
leeward with increasing speed, it may be beneficial to veer
more cable, or to deploy a second anchor. Nevertheless, as
discussed above, the addition of more cable is not expected to
increase significantly the holding power of the system.

and drifting to leeward.

ERZIEDZIBELSE. FTHMRIPLVERLEFTFRL,
Adding cable to the first anchor is not seen as an effective means of stopping a ship from being pressed
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(2).Use.of Bow,Thruster,

While dragging anchor and being forced to leeward, the use
of bow thrusters to make the ship come up into the wind
may be effective. However, to be successful, the minimum
thruster power must be equal to the wind force on the bow.
For example, in the case of a pure car carrier, and assuming
that the downwind movement is initiated with an average
wind speed of 18m/sec, the required thruster power is about
28ton (2,800hp or PS).

(3).Use,of the.Main,.Engine,and,Steering
In order to maintain a ship’s head into the wind, in conjunc-
tion with large rudder angles, the required power of the main

engine is approximately as follows:-

JEBES BRI
_ E.)E 20m/ Sl Ahead

§8 AR ﬂ\l_ m/sec ow Ahea
JEE 25m/sec | Half Ahead

JEUE 30m/sec | Full Ahead

Wind speed Engine Order
2 low Ahead
Steering : Hard Over om/sec Slow Ahea
25m/sec Half Ahead
30m/sec Full Ahead

Lol AT CRMABIREL, 7uxgL—v 7
REDVFET LR R ELEE L 2T IR ) A
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JEVESIRE L 22 0, B2 B LZT5 L)Xk
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TR L 7 5 T, B EIRWAKBLEE 2 ) X
£

i, AERAPF[/CE NV XA ZA2DRDPITHS
317y bEEY20% BB LET 5/ FTNIRZ
AR 3zl BIET,

ZETEAR DR

4500 B PCC 2B W T, #E# 15° THEIZHE S - T 90
FEZESS BT L EOWHEZK IR L LT HEH
7590 BEWC R LB MBS EE DR T b G % [£E
AuEel] & L CHBOFIIIRL TWE T,

e 2 JAGH /i e, ARl 2 AR R I T
AN EWGEST L TR E 90 B () 255z Ak (R
b)) ICHIEET BE. BE /AREIES 8 EIE (RAED 8 f&F

In rough weather with the vessel rolling, pitching and
yawing, etc., different engine settings may be needed, always

bearing in mind the need to avoid propeller racing.

8§13 Difficulty in Maintaining
Manoeuverability

If the ship swings broad on to the wind and begins to move to
leeward, considerable time and space may be required before
effective control can be restored by using the main engine,
rudder and bow thruster.

It should be remembered that when the propeller
is working the effect of the bow thruster will be
decreased by about 20% per 1knot of ahead speed.
In other words, at about 5 knots, the effect of the bow
thruster is negated.

Limitation of Manoeuvering by Rudder

Considering a pure car carrier laden with 4,500 units sailing
across the wind using 15°0f rudder, diagram1 illustrates the
limitations on manoeuverability imposed by various wind
strengths compared to the vessel’s speed.

Numbers entered in the vertical axis are wind speed per
ship’s speed and the wind force angle is entered along the
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WIND

DB

Track of
Anchor

Ship’s Hull

2 / diagram 2

horizontal axis. The yellow zone shows the area under the
curve in which the effect of the rudder is lost.

In an example where the car carrier is, say, dragging her
anchor and the wind is on the beam (relative angle 90
degrees) and she tries to turn into the wind, it is likely that
this will be unsuccessful if the wind speed is eight
times the ship’s speed. In other words, should the ship
be successful in weighing anchor and obtaining some speed,
stemming the wind would remain extremely difficult. With
a wind speed of 20m/sec, the ship’s speed would
have to be more than 5knots (2.5m/sec), in order to

stand a chance of stemming the wind.

Diagram? also indicates that, when dragging anchor under
the influence of a wind speed of 20~25m/sec the ship will
move to leeward at a speed of some 3~4knots as shown in
area [C] in the diagram.

It is estimated that, in the case of the car carrier, the maxi-
mum ratio of wind speed to ship’s speed which will permit
the vessel to maintain a given course is 2.8~3.8. This should

not be confused with limitation of manoeuvering by rudder.
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814 Preparation for Safe
Anchorage

Accidents involving ships lying at anchor usually occur in the
form of dragging anchor and drifting without anchor holding
power followed by collision and/or grounding/stranding.

The basic way of preventing such accidents is as follows:-

(1)-When,Anchoring.is.Anticipated,.the.Fol-
lowing.Considerations,Must, Be, Taken.into
Account:-

To select a sheltered good anchorage
+ Land configuration
+ The bottom configuration
+ Holding grounding condition
+ An appropriate depth
« Sufficient room
« Sheltered from such an external force as wind and sea

« Degree of congestion of other ships at anchorage

To prevent an accident in the event that
the anchor drags
+ Keep a safe distance from other ships

+ Keep a safe distance from shallows/other facilities
(2).Technical,Measures, While,Lying,at,Anchor,

« External forces associated with wind speeds, directions,
wave height, wave period, flow direction and flow
velocity

« Ship type

+ Hull dimensions

* Draught

+ Trim

+ Understanding the holding power of the anchor system

+ Quantitative assessment of wind pressure forces

+ Management of the main propulsion systems
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(3)-Prediction.and.Early.Detection.of .Drag-
ging,Anchor.

+ Understand fully the relationship between hold-
ing power and external forces

+ To detect dragging anchor by observing the
horsing motion

* To use track display function of ECDIS ,” RADAR
GPS

(4)-The.Counter-measures.To.Be.Taken
After.Dragging,Anchor.is.Detected

+ To weigh anchor and establish manoeuverability
as soon as possible

+ To weigh anchor during the period of the swing-
ing motion
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8§15 Safe Distance from Other
Ships, Shallows and Other
Facilities

Although it is essential to decide on the anchor position so as
to avoid an accident, even after dragging anchor, regrettably,
there are no definite criteria to gauge the safe distance from

other vessels, shoals and other obstructions.

Mariners should take the following items into consideration
when assessing the area which may be needed while restoring
manoeuverability by using the main engine/rudder/bow

thrusters if the anchor drags.

1. A radius of swinging circle
A circle with a radius of minimum required length of
anchor chain + the ship’s LOA

2. The speed of dragging anchor under wind
pressure force
This is approximately 3 ~ 4 knots.

3. Required time to weigh anchor
In general, an anchor cable will be retrieved at a rate of
about 9m/min
To retrieve 1 shackle takes about 3minutes.
It may not be possible to heave in a taught cable continu-

ously, thus prolonging the operation of weighing anchor.

4. Required time to prepare the main engine
for use.
To have the main engine on standby beforehand, if drag-

ging anchor is predicted.

5. The required time to attain sufficient propel-
ling speed when restoring manoeuverability
after the vessel has been forced to leeward
with the wind on the beam.
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Case__1
Weighing,anchor.after.dragging.anchor.is.detected
(diagram 3. green <N )

+ The ship’s LOA is 200m.

« She is lying at anchor with 8 shackles.

+ Time to weigh anchor is 1.5 times longer than usually required.

+ During that period, the ship is being brought to leeward at 4 knots.

+ After weighing anchor, it takes 15minutes until the ship’s speed reaches 5 knots.
« In the interval, the ship’s side has been pressed by the wind.

+ The main engine and bow thruster are ready prior to dragging anchor.

» Whilst weighing anchor, both are available.

+ The wind speed is 20m/sec.

1. The radius of the swinging circle is:-
8 shackles (220m) + 200m =420m=0.23 miles

2. Reaquired time for weighing anchor:-
Whilst weighing anchor, it is deemed that the ship’ manoeuverability is uncontrollable.
The anchor cable recovery rate in moderate weather is known to be 9m per minute. Therefore it would take about 24 min-
utes to weigh anchor in moderate weather. However, in this situation, it would take 1.5 times as long or about 36 minutes.

In this interval, the distance which the ship is pressed to leeward is about 2.4 miles (distance covered in 36 minutes at 4
knots).

3. After the anchor is aweigh, further 15 minutes elapse before the vessel’'s speed reaches 5 knots.
During this period, the vessel will drift about 1 mile to leeward (distance covered in 15 minutes at 4
knots).

The distance sliding horizontally
(Oknot +5knots)+2 X 0.25 hours = 0.625miles
Required distance to turn ship’s head is 3 times as long as the ship’s LOA (=200m)
200m X 3 = 600m = 0.30miles
Total : 0.925 miles

Required distance from the anchor position is illustrated in diagram3.

Vertical direction (to leeward)
: 3.63 miles (= 0.23miles +2.4 miles+1 mile)
Horizontal direction
: 0.93 miles (= 0.625miles +0.3 miles)

Most accidents such as collisions and groundings involving ships occur when anchor drags because insufficient sea room has
been allowed for.
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(diagram 3. blue < )

Dragging is detected during the horsing phase
and (Blue ship) weighing anchor is commenced
immediately.

At the initial stage of swing motion, the ship can weigh
anchor and even though the ship’s side stands against
the wind, the required area for attaining manoeuver-
ability is 1 mile to leeward and 0.625miles horizontally
outside of the initial swinging circle.

Vertical direction (to leeward)
1 1.23 miles (=0.23 miles +1 mile)

Horizontal direction
: 0.93 miles (=0.625 miles +0.3 miles)

In practice, the distance to leeward could be shorter
than illustrated in diagram3 since the main engine,
rudder and bow thruster may be used to advantage. It
should be remembered, however, that the use of large
rudder angles will decrease the ship’s speed.

Detect dragging anchor within the earlier time
frame of the swinging motion and decide
whether to weigh anchor immediately and
leave the anchorage or to re-drop the anchor
at another location.

816 Dropping Anchor Operation

Recently there has been an increase in the number of acci-
dents involving anchor cables becoming entangled or anchors
and cables being lost. These accidents have mostly been
caused by mistakes being made in the operation of letting go
the anchor. In particular, most accidents have been caused by
not controlling the running-out speed of the anchor cable, that
is, without braking when the anchor is let go.

Test results show that the speed of anchor free fall
reaches 10m/sec after 50m when an anchor is let go
without braking. So to say, 12 shackles (=330m) could
totally run out at 33seconds.
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According to investigation results, although most mariners
involved in anchor-related accidents stated that the brake
did not work well, thorough investigations on site have
established that a bent brake shaft and / or lack of
maintenance were the cause. The crew were unable to
properly apply the brake force.

To ensure safe anchoring, the veering rate must be limited
to 5 to 6 m/sec using brake force.

If the depth at an anchorage exceeds 20m, the possibility of
damage to or loss of the anchor and its cable becomes greater
due to excessive running out speed if the anchor is allowed to
free fall. To avoid this hazard, the anchor should be lowered
by walking back into the water until the anchor reaches about
Sm above the bottom.

When letting go, the brake should be applied in order to slow
the veering rate until the length veered is about 2m ~ 3m
more than the water depth. This should prevent the cable
from piling onto the anchor, as shown in the picture.

After the anchor touches the
bottom, the ship's sternway
should be limited to about
0.5knot ~ 1knot in order to
avoid imposing excessive
strain on the cable and also to
further avoid piling. The aim is
to lay the cable across the ground
in an orderly fashion and without
imposing any excessive stress on

the system.

817 The Anchor Cable Veering
Rate -Scope of Cable To Be Paid
Out-Brake Force of Windlass

Graphl shows the relationship between brake force, scope
of cable and veering rate determined during trials on board a
230,000dwt VLCC when anchor and cable are paid out using
the brake.

During the trial, the cable was first released with half brake
applied. The brake was applied 3 seconds after letting
the anchor and was fully applied again after another 5
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4
ETL—FTIhDI)IedbE 954 F—%2% BRI, seconds in order to stop veering completely. As can be
ZORICE LS PORASEELE TS, 5~ 6 seen, the length of cable veered in this time about 21m.

mOHEE T 7L —FIRETHET 25653, Z0L)%

RASIIEL A, If the anchor is let go by free fall and the veering rate exceeds

10m/sec, it becomes difficult to arrest the cable and the brake
lining may be damaged.

If, however, the veering rate is limited to about 5~6m/sec
by the timely application of half brake, such damage will be

avoided.

(m/sec)

Running Out Speed
BRHEE

Total Length

Break Power
JL—*hH

4 5 6

VLCC #HHRER#R ~ Result of VLCC Anchoring
7271/ graph 1
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