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0 Introduction

Tohya Maru case in 1954 was at that time
the second worst accident, following Titanic.
Having encountered a typhoon Marie, Tohya
Maru, a 4,337 grt Japan Railway passenger
ferry, took a refuge at Hakodake Bay. With the
violent weather of 50m/s gust and 6m height
waves, she dragged her anchor, went aground
and capsized. Full scales of investigations
which concluded the
negligence in Tohya Maru's navigation and

were pursued,

operation. Since then, there have been so
many informative and advisable materials and
publications with respect to the prevention of
dragging anchor, but we still have many
cases involving dragging anchor.

Dragging anchor will be followed by ship's
drifting and then often a collision with other
ships or property, grounding, capsizing or
sinking, having a result of ship's total loss,
wreck removal, oil pollution. A collision with
another anchored ship might cause that ship's
dragging and drifting, which could then cause
further damage or loss to the other ship or
property or environment. Dragging will occur
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in an unfavorable weather, where the ship
needs time to recover her maneuverability.
Anchor handling is day-to-day work for
seafarers, but once the anchor is dragged, it
will radically change its nature to the
emergency and imminent action, which need
the seafarer's highest skill and experience
as well as their quick but calm decision.
Recently, there are so many large-sized ships,
such as VLCC, ULCC, Cape Size bulker and
ships with large superstructure, such as pure
car carrier and passenger ship, all those are
vulnerable to bad weather. Not to mention, we
need further attentions to the safe anchorage
and prevention of dragging anchor.

@ Cases of Japan Maritime
Accident Inquiry Agency(MAIA)

In most of MAIA cases involving dragging
anchor, MAIA found, improper choice of
anchorage, inadequate anchor watch,
insufficient recognition of forthcoming bad
weather and the other circumstances at the
anchorage resulting in late or improper
sheltering or departure or other counter

measures.

(1)General cargo vessel (498GT)
March 8, 1999 in Kashima Port, Ibaraki Pref.

The vessel dropped her port anchor in the
inside water of Kashima South Breakwater
with 2.5 shackles (25m/cable) in 10 meters
of water with shell and sandy seabed. The 3m
of swell came in from the mouse of harbor
with 15m/s of northerly wind. The vessel
dragged her anchor but the duty seaman
failed to detect it. The master, who came up
to the bridge confirmed dragging anchor by
fixing the position by radar, immediately
ordered to prepare the engine, but too late.
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She went aground on the breakwater.

(2)Bulk carrier (36,080GT)
July 25, 2002 in Shibushi Bay, Kagoshima Pref.

Having an approaching typhoon, the vessel
took a refuge and dropped her anchor in
Shibushi Bay with 6 shackles in 25m depth of
water with sandy seabed. The area entered in
"dangerous semicircle" of the typhoon, and
the wind direction changed. The big swell
came in from the outside of bay. She dragged
her anchor, having 25m/s strong wind and 5m
swell, and she went aground on the shore. At
the same time, another vessel of similar type
lying on anchor with 9 shackles in 40m depth
in the northern part of the bay also dragged
anchor. She tried to keep her position by use
of main engine, and succeeded in dropping
her anchor again with 10 shackles. However,
her anchor was again dragged.

(3)Sail training ship (2,556GT)

October 20, 2004 at Toyama Port, Toyama Pref.
When a typhoon was approaching, the ship
dropped her starboard anchor with 7 shackles
in 17m depth of water in Toyama Bay, without
recognizing that in that bay higher waves
would develop even in the inner bay area due
to geographic feature of sea bottom when
northeasterly wind blows for a considerable
period. Though she received the forecast of
28m/s wind and 6m swell in maximum, she
did not take shelter at sea by "heave to" (the
method of a ship's hold at sea in severe
weather by giving minimum thrust to
maintain the heading against wind and wave)
and remained at anchor with 9 shackles of
starboard anchor and 3 shackles of port
anchor. She dragged her anchors. In spite of
her endeavor by using her engine in the
strong wind over 25m/s, she went aground in
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a shallow water in force 12 wind and 6m wave.

(4) Container carrier (9,931GT)

September 7, 2007 in Yokohama port,
Kanagawa pref.

The vessel dropped her port anchor with 6
shackles at Yokohama port. She could not
extend her anchor cables as the other vessels
were anchoring nearby. She was ready to use
the engine and to drop her starboard anchor.
The wind speed became over 20m/s, but
having a large superstructure on sea surface,
she failed to use the engine properly to
reduce the stress on anchor chain. When the
crew became aware of her dragging anchor,
she put the engine to full ahead and dropped
her starboard anchor with 2 shackles of chain.
However, she drifted and collided with the
breakwater.

@Factors for safe anchorage or
for assessing a risk of
dragging anchor

When a vessel is at anchor, her anchor and
cable will have various external forces, such
as wind effect, wave actions, swell, tidal
stream/current flow, etc. The stress on the
anchor and cable is dependant on the ship's
drafts, displacement, trim, superstructure,
ballast/loaded conditions. In addition to such
external forces, the anchor and cables are
given the shock force in ship's yawing. The
shock force is given when the vessel's bow
turns quickly and falls down towards lee, after
the slack of anchor cables during the bow's
facing windward. Based on one research, the
shock force is given at the point of time when
the direction of anchor cables makes about
50 degrees against the vessel's heading after
passing the time when the heading
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corresponds to the direction of anchor
cables. Ship's personnel could reduce such
stress on her anchor and cables, for instance,
by turning the rudder to provide a sheer to
her head. Similar impact may occur in ship's
pitch and surge movement. Such stress may
be reduced by lengthening the scope; i.e.
paying out the cables further. We should
note that these methods only reduce a part
of those forces, but not eliminate the stress.
The anchor starts dragging when those all
forces exceed the total holding power of
ship's anchor and cables. A risk of dragging
anchor should be assessed on various
factors. The following brief on each factor
would help such assessment for the safe
anchorage.

(1)Weather

Present and forecasted weather conditions,
esp. atmospheric pressure, course and speed
of typhoon, low depression, front are basic
factors to consider the safety of the
anchorage. Especially, ship handlers shall
review if and how the anchorage would enter
into typhoon's stormy area; e.g. any change
and severity of wind and waves as well as their
timing.

(2)External forces

a. Wind
The wind effects on the ship and then on her
anchor and cables will increase by the square
value of the wind speed. Squalls in the area
of low latitude raise the wind speed very
quickly and they have a sudden gust. The
maximum speed of gust is known as 1.4-1.6
times of average wind speed, which will give
a sudden momentum on ship's anchor and its
scope.
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b. Waves

Waves and swell will develop with the wind's
fetch/duration. In theory, if 15m/s wind
blows over 500km for 20 hours, the wave will
be developed to 5m high. Not to mention, a
risk of dragging anchor will increase as the
wave becomes higher. The above MAIA case
2(2) warns the effect due to the "drift force"
by swell in addition to the wind effects. The
ship's pitching actions by wave and swell
gives anchor cables a sudden tension, which
raises a risk of dragging anchor.

(3)Anchorage

a. Sea bed nature
The best holding ground for the anchor is
clay, followed by mixture of half sand and
half mud (SM or MS), although mud or hard
sand is quite acceptable. Fine/soft sand, soft
mud, clay but with soft mud would not give
the anchor a good holding power.

b. Water depth

Most seamen first check the water depth, if
the ship will have an enough under keel
clearance, and when they will decide the
amount of scope to pay out. Appropriate
water depth is dependent on the other
various factors, but at minimum about twice
as deep as ship's draft. It would be necessary
to keep the underwater clearance as 3 times
as much as the predicted wave height, to
avoid any possible contact between hull and
sea bed or so as to enable the ship to take
effective and flexible measures responding to
a situation of dragging anchor.

Sufficient amount of scope will give the
horizontal pull to the anchor, and then the
higher holding power of the anchor and
cable. It is said that change of 5 degs in
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pulling direction from the horizontal pull to
the anchor will lose 20% of the anchor's
holding power.

c. Geographic feature (land shapes,
underwater canyon, shelters etc)
The good anchorage shelters wind and
waves, and gives favorable current and tide.
As mentioned on the above, when the fetch
of wind becomes longer, the waves will be
developed higher and their break will add
the wave effects on the ship. The waves
shake the hull and give a sudden stress to
the anchor cables. For instance, Yorimawari
Waves in Toyama Bay is well known, which
swell is generated in Japan Sea after a certain
fetch and duration of rough weather, and
after the rough weather passes away the
developed waves are propagated to Toyama
Bay, where the high waves will attack the
shore and the shallow waters.

d. Swinging room;
other anchored vessels nearby

The ship should drop anchors in a position
having safe distances to the other ships.
Anchoring at a shorter distance will risk the
ship to a collision with the other ship when
she or the other drags her anchor. The
anchoring position should be as clear as
possible of through traffic. The 26 out of 90
anchoring vessels in Yokohama sank due to
a typhoon Kitty on August 31, 1949. It tells us
that the damage becomes more disastrous if
many vessels were anchoring so close each
other or to the port facility. Please note that
as time goes and rough weather coming
closer, the anchorage might become more
and more congested.
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(4) Ship's condition

a. Kind/type of ship

Car carriers and container ships have larger
superstructures on sea surface to receive the
wind effect. In those ships, the center of the
wind effect on the hull is located on their
forward parts. Those ships will make heavier
yawing, and give more stress on anchor
cables.

b. Displacement, draft, and trim
A car carrier is vulnerable to the wind, since
their draft is rather small compared with
their depth. Also, as their bow flare is
relatively large, the wind and waves will
make their pitching and shaking heavier and
put stronger stress on their anchor and
cable. The result of investigation says that
the car carrier of 6,000 units will make
yawing in a width almost twice as much as
her length in 25m/s of wind speed.

c. Power of main engine and bow thruster
Ship handlers always consider the power of
main engine and if any of her bow thruster in
setting up their anchor plan. The result of
one research says, the stand-by full power of
main engine is the minimum must to
maneuver the car carrier of 6,000 units once
she dragged her anchor in 30m/s of wind. In
fact however, it would be difficult to keep
running the engine in the weather which
makes ships heavy pitching and rolling as
well as propeller racing. Also, the same
research says, it is difficult to stop the drift of
vessel of same type even if she used the bow
thruster (12-17 tons of thrust) to establish
her sufficient maneuverability while she is
drifting after dragging anchor.
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d. Type, weight and size of anchor
Modern merchant ships employ anchors of
the types: JIS, AC-14, and Danforth. These
kinds of anchors are known as good holding
of seabed, higher holding resistance and
good stability not easy to rotate.

e. Weight of anchor chain

Depending on the grade of cable, its weight
and thus holding power will vary. According
to Japanese Regulation for Equipment of
Ships, the anchor cables could be used only
before about one tenth of the original
diameter of cables was worn out. The
decrease of weight results less holding
power.

(5) Anchoring method

Single Anchor is usual. It takes longer time to
drop/pick up two anchors, and the anchor
cables might get fouled. Ships are not usually
taking two anchors.

Measures to prevent dragging

anchor
Various accidents and then loss/damage/
liability arises from dragging ship's own
anchor in rough weather, or from a collision
with another vessel which dragged her
anchor. It may be useful to repeat here what
to do in order to avoid dragging anchor and
subsequent incident.

(1)Choosing proper anchorage is first priority.
Please see the above 3 (3) Anchorage.

(2) Checking her anchor's position

The vessel's heading and the position of
bridge should be checked exactly at the time
when she drops her anchor. Her anchor
position can be fixed by extending a line
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from the bridge's position to her heading and
in a distance between bridge to stem. Her
anchor position should be marked on the
chart. Then, the circle with a radius of the
length of anchor cable plus bridge-stem
distance can be drawn, centered on the exact
anchor position. In such a drawing on the
chart, if the (bridge) position went out of the
circle, you should suspect dragging anchor.

Well-known method to find dragging anchor
earlier is: -

Vessel's speed showing in speed log and her
heading should be recorded periodically. The
8-shaped track by plotting speed on the
vertical and heading on the transverse would
be obtained. If the anchor dragged, the 8-
shaped track would change. Particularly, the
speed value crossing at the vertical becomes
always negative.

More simply, seafarers do: -

- mark on the radar land shapes and fix objects.

-fix ship's position in several ways, and get at
least three objects in cross bearing position fix.

(3) Getting weather information by all
available means

a.Ship handlers should always review all
weather information and forecast, and pay
attentions gale/storm warning, the change of
wind and waves. They should not be in
optimistic on predictions for the movement
of a typhoon or weather in general. They
should carefully obtain all available weather
information not only for a typhoon but also
for a low depression/front.

In Japan, Storm Warning will generally be issued
when 25m/s of average wind speed or more at sea is
forecasted. Also, High Wave Warning, though it
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varies in each area, will be issued, for instance, in
Aichi Prefecture, when it is forecasted 6m of
significant wave height in the open sea and 3m of
the same in the inland sea. Japan Coast Guard from
time to time issue the "Advice to prevent dragging
anchors" if the strong wind and a risk of dragging
anchor is predicted. For instance, in the port of
Kashima, vessels of 3,000 deadweight tons or more
which had been anchored outside the port are
recommended to pick up anchor and to evacuate the
coastal waters if the wave height of 4m or more in
northerly to easterly directions (0-120 degrees) and
the average wind speed of 10m/s or more were

forecasted - Alert of evacuation.

b.The left semicircle of a typhoon is called as
the "navigable semicircle", while the right
is called as the "dangerous semicircle." On
the other hand, you should pay attention to
the strong wind blow beside high pressure
if it is affected by the wind of navigable
semicircle. (The incident referred to in the
2 (3) occurred under such a situation.)

(4) Anchor watch should be kept 24 hours
to check if there is any dragging
anchor of her own or another vessel.

a. Ship handlers should pay attentions to the

change of wind direction before/after
passing the typhoon.

b. They should check names of anchoring
vessels nearby by AIS, VHF or other means
in advance for possible communication in
necessity.

c.Especially, they should pay close attentions
to the anchoring vessels on windward.

d. Anchor watch officers should be asked to
report necessary information, such as wind
speed, direction, wave/swell height and
direction, their change tendency, the
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movement of the other ships nearby.

e. In case the anchor is dragged,

the following phenomena can be found.

(i)Course recorder does not show regular
sine curve.

(ii) Ship's heading is not directed windward.

(iii) Ship receives the wind from only either
of starboard or port side.

(iv)Anchor cables remain tight even when
the wind receiving side changes.

(v)Anchor cables has unusual vibration.

(vi) Speed meter keep indicating a minus speed.

For the above (iii) (iv), please note that the
vessel might fall down leeward slowly
during her swinging as a transient state
before her constant drift towards leeward
due to dragging anchor.

(5) Anchoring method in rough sea

a. Paying out more anchor cables
The friction force between cables and sea
bed would increase as the scope becomes
longer. It would contribute to increase the
holding power, and to subsiding the shock
by wave and the vessel's swinging
movement.

The formula traditionally used in Japan
(D: water depth at high tide)

Normal (Receiving 20m/s max wind on abt
2.5 points on starboard/port bow)3D+90m

Rough sea (Receiving 30m/s max wind on
abt 2.5 points on starboard/port bow)
4D+145m

The dragging anchor could not be avoided
unless the anchor cables are extended to
increase the holding power compared to the
estimated maximum outer force. The
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tension on anchor cables generally increases
by the square value of wind force. The
holding power and the sum of wind pressure
(outer force) are calculated by the following
formula. (In theory, if P > R, there is the low
possibility of dragging anchor.)

P=23,0,tA 0.l

A, : anchor holding power coefficient

w, : weight of anchor (kg)

A : frictional resistance coefficient of
anchor chain

w, : weight of anchor chain per meter (kg)

1 :length of anchor chain for its holding
part (meter)

R=1/2p,C,v,2(Acos20+Bsin26)

pa- air density (0.124 kg-secz/m*)

C,- wind pressure coefficient
- relative wind speed (m/s)
: projected area of the front of hull (m?)
: projected area of the side of hull (m?)

> W S

- wind direction

b. Deeper draft
With deeper draft, the ship's wind receiving
area on the sea decreases and the
displacement increases, which helps to
subside the ship's swinging movement.

c. Trim by the head
The center of wind pressure shifts the
vessel's aftward, while the center of force of
water flow moves to her forward, and her
swinging momentum would subside.

d. Standby engine
The engine should be ready for use at any
time. The time required by preparing main
engine should always be kept in mind. Many
incidents occurred before preparing/using
main engine when the anchor was dragged.
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e. Use of the second anchor

When the second anchor is used as "hammer
lock", the swinging movement would greatly
subside and 30 to 40% of outer force on the
anchor would be reduced. The more holding
power could be obtained if the vessel
dropped two anchors and extended both
anchor cables to a direction as same as the
wind direction at the time when the
maximum wind speed is predicted. As to "the
riding of two anchors', if an angle between
anchor cables became 50 to 60 degrees,
about 40% of outer force on anchors be
reduced. However, it would be very difficult
to pursue it in a larger vessel to form the
intended angle of two sets of anchor cables
when the second anchor was to be dropped.

f. Use of main engine/thruster

Keeping the ship's heading against the
wind/wave by rudder, main engine and
thruster may be effective to prevent her
from dragging anchor.

To avoid dragging anchor, the use of bow
thruster and, if appropriate, the use of dead
slow astern engines would subside her
swinging movement, though the anchor
cables receive an additional force due to her
astern thrust. The limit of astern thrust
would correspond to the half of wind
pressure if it is used practically. In practice
however, it would be difficult for diesel
engine vessels to maintain slow astern
engines for a long time. Also, facing of the
vessel's bow against the wind by giving the
headway and by use of rudder at the same
time would be effective the same. If the
anchor cables are slacked temporarily by
giving the headway, you should pay
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attentions to a shock when the ship falls
down leeward.

g. Paying out anchor cables

Extending anchor cables is a good tactics to
increase the holding power in order to avoid
dragging. However, it is an incorrect belief
that in case the anchor is dragging, paying
out more cable will hold the ship in position,
because adding additional cable produces a
more horizontal pull on the anchor but once
dragged the anchor rarely could grasp
seabed again. Extending anchor cables
would add the ship's work to pick up her
anchor, esp. in rough weather. You should
note that all the work, even a minor part of
the work would become more difficult due to
the wind, waves and the other ships' similar
actions, if the ship is picking up her anchor
and depart the anchorage.

h. Slipping anchor
Once the anchor is started to drag, it is often
very tough to pick up the anchor. Slipping
anchor should be considered as soon as
possible.

i. Leaving anchorage
The best tactics is always just to leave the
anchorage and stay at open sea earlier, if
ship handlers are not confident in staying at
the anchorage.

j. Assistance from others
Taking proper measures may be delayed
due to lack of information or ship handler's
hesitation. The owners, charters and agents
should inform her of weather information
and forecast and characteristics of
anchorage. Also, they should give her

advice when she is about to take shelter.



@ Concluding remarks

As mentioned above, dragging anchor would
often result in a serious incident such as
crew's death/injury and marine pollution. It
is essential to predict the weather and to take
preventive measures as early as possible.

STCW Convention states in the "Part 3-1:
Principles to be observed in keeping a
navigational watch" of the "Chapter 8:
Standard regarding watch keeping" that a
continuous navigational watch shall be
maintained at anchor if the master considers
it necessary, and that the officer in charge of
the navigation watch at anchor shall take
appropriate measures. An anchoring vessel
is found as the "dead ship" (the vessel which
main engine and auxiliary machinery are
stopped), and she could not take positive
actions to escape herself from dangerous
situation. Anchor watch by the crew is thus
imperative for the safety of anchoring ship.

If you are involved in a collision due to
dragging anchor, the issue would be how

the ship pursued her anchor watch and
measures for preventing the incident. The
opposing parties assert in many cases that
there was a fault on the anchored vessel
even the opposing vessel dragged her
anchor and hit the anchored vessel.
Preparing for such assertions, it is necessary
even for a party on the side of anchored
vessel to make/keep the records before the
incident, such as communications with other
vessels, information of her own actions and
her positions, etc. We believe that following
the above precautions and constant recording
would contribute to the safety of ship at
anchor.
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