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Bob,

You may recall that in the few words | made after you handad the mesting aver ta me last week
| n antioned the perceived need (o revisit the nresentation of stability data for small vessals that
are registered under the USL Code.

In racent umes » Rave run acrass the situation where a vessel has been providad with 2
complete stability book and the personnel operating the vessel do not have the training or
packground to comprehend the information containad therein let alone prepare alternative
conditions. | think that you wi agres that the preparation of a formal stability books in
apphcations such as this s a pointiess exercise and that RINA should be looking st bringing in a
system that can be of use to vessel operators.

The sort of thing that [ have in mind is ‘3 prepare a simplified book that gives a table of fimiting
K('s against displacement and a worked examplé on how 1o arrive at an operating KG.

If you-agree with this approach | could think of no one belter quaified and experienced than
yourself 10 bring this prc,ect to fruition  Once we have something to show then we could
arrange to have a meeting with the varous authorities anc get their reaction.

| will be grateful for your comments.

Regards

o I/

N T Riley
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FOREWORD

I have taken up the challenge expressed in the President's brief and after considering all aspects of
the subject and discussing it with some of those in regular contact with the operation of small craft in

Australia have prepared this Discussion Paper.

It is my earnest hope that this paper will stimulate informed discussion among our members which

will result in the presentation of an Institution proposal to be made to the Regulatory Authorities.
It is my further hope that this paper will be the first in a series of such Discussion Papers directed

towards developing Institution views on subjects of topical interest, particularly in respect of Marine

Safety.

R.J. Herd
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CONCLUSIONS AND COMMENTS

This paper is a short review of the different approaches which have been made to the preparation,

presentation and usage of simplified stability data.

To fully develop all the issues which have been raised would require a much longer paper than

appears to be warranted at this stage.

It is proposed that after consideration by the members, a round table discussion could be

advantageous. For such an occasion, particular facets of the subject could be developed in more

detail.

It should be noted that at this stage no attempt has been made to extend the paper to cover stability

after damage.

As a result of the investigations made for the purposes of this paper, a number of points are worthy

of stress:

e Whatever form of stability information is adopted, this should be incorporated into the

education and training of those personnel whose responsibility it will be to use it.
e Free surface effects must be allowed for in determining limiting KG and GM curves.

e Because IMO criteria are minima and all hydrostatic and stability calculations have a

tolerance this should be incorporated into limiting data provided to the ships.

e In the absence of significant data for radii of gyration for local types of vessel, it is
unwise to use the rolling period as other than a check on GM values determined by

calculation.

e The rolling period test should only be used at sea as a check on GM or radius of

gyration, not as a first determination of stability.
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Conclusions and Comments (Cont.)

e All simplified stability data must be accompanied by full data which should be available
on board to enable consultation with more experienced mariners in the event of queries

arising.

e Consideration must be given to the effects of severe wind and rolling, water on deck,

loss of stability in longitudinal waves and allowance made for these effects.
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INTRODUCTION

The quest for simplified presentation of stability data has extended over many years and been

considered in a number of countries without so far as is known achieving resolution satisfactory to

all parties.

Approaches adopted by some of the countries where the problem has been studied will be reviewed

briefly and conclusions drawn where possible.

For the purpose of this paper "small craft" will be defined as being less than 60 m in length, without,

so far as is practicable, differentiation as to type of vessel.

INTERNATIONAL REQUIREMENTS

There are various International Maritime Organisation instruments which spell out the type of
information which should be provided for the guidance of the Master in loading and operating his

vessel safely. These include:

1. SOLAS 1960
Chapter Il Part B Regulation 19

"The master shall be supplied with such reliable information as is necessary to enable him by
rapid and simple processes to obtain accurate guidance as to the stability of the ship under

varying conditions of service .....

2. SOLAS 1974
Chapter 1l - 1, Part B, Regulation 19

As for SOLAS 1960
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International Requirements (Cont.)

3. TORREMOLINOS INTERNATIONAL CONVENTION FOR THE
SAFETY OF FISHING VESSELS AS CONSOLIDATED BY THE 1993
TORREMOLINOS PROTOCOL.

Chapter lll Regulation 10 (Identical Text To Regulation 36 In The 1977
Convention).

"Suitable stability information shall be supplied to enable the skipper to assess with ease and

certainty the stability of the vessel under various operating conditions. Such information
shall include specific instructions to the skipper warning him of those operating conditions

which could adversely affect either the stability or the trim of the vessel."

Recommendation 3 made by the Conference spells out in more detail the information and
instructions which should be provided. In particular information as required by the

following alternatives is detailed:

a) If GZ calculations are intended.
b) When rolling tests are used.

¢) Simplified information.

4. CODE OF SAFETY FOR FISHERMEN AND FISHING VESSELS, PART
B. SAFETY AND HEALTH REQUIREMENTS FOR THE

CONSTRUCTION AND EQUIPMENT OF FISHING VESSELS

Chapter IV Stability Includes Under 4.4. Stability Information -

4.4.1  The skipper should have on board information which will enable him to
assess with ease and certainty the stability of the vessel in different service
conditions ard to verify whether the stability is sufficient in conditions differing

from the standard ones in 4.6.
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International Requirements (Cont.)

S. FAO/MLO/MMCO VOLUNTARY GUIDELINES FOR THE DESIGN,

CONSTRUCTION AND EQUIPMENT OF SMALL FISHING VESSELS.

"Small" applies to new decked fishing vessels of 12 metres in length and over, but less than
24 metres in length. (The documents listed under 3 and 4 above apply to vessels of 24

metres length and above).

While 3.2.1 states that
"Normally full stability information should be developed ..."

no descriptive comments on the stability information to be placed on board are provided.

6. CODE ON INTACT STABILITY FOR ALL TYPES OF SHIPS COVERED
BY IMO INSTRUMENTS.

Chapter 2 Addresses General Provisions Against Capsizing And Information
For The Master

Section 2.1 Stability Booklet, in 2.1.3 gives detailed instructions on the format of the

booklet.

2.1.4 provides that

As an alternative to the stability booklet mentioned in 2.1.2, a simplified booklet in an
approved form containing sufficient information to enable the master to operate the ship in

compliance with the applicable provisions of the Code may be provided at the discretion of

the authority concerned".
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AUSTRALIAN REQUIREMENTS

1. COMMONWEALTH OF AUSTRALIA
NAVIGATION ACT 1912

Marine Orders Part 13, Ship Stability and Subdivision made under Section 425 (1AA) of
the Navigation Act 1912.

3. Intact Stability Information, supplemented by Appendix 1 discusses the requirements for
stability books. Except in respect of non-Load Line Convention ships complete information

is required. In respect of non-Load Line Convention ships, 3.3 includes provision for

"a) detailed instructions as to limitations on acceptable safe loading, tank handling, use

of cargo gear and closure of openings;
b) tables or diagrams showing limited loaded KG, GM or deadweight moments,
together with lightship, tank and cargo space particulars to enable those tables or

diagrams to be related to actual conditions of loading; or

c) a combination of (a) and (b) or a combination of 3.2 and 3.3 (a) and (b)".

2. UNIFORM SHIPPING LAWS CODE

Section 8 of the Uniform Shipping Laws Code deals with Stability.

Sub-Section A in Clause A4 spells out in detail the requirements for presentation of stability

data for vessels other than those subject to Clause B.2 of Section 8.

Clause B.1 requires that where simplified stability information is to be posted in the
wheelhouse, submission of full information should accompany the submission of the

simplified data to the Authority.

Clause B.2, Form of Simplified Stability Data states -
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Uniform Shipping Laws Code (Cont.)

"This simplified stability information may take the form of either:

a)

b)

instructions as to limitations on loading, tank capacities, use of cargo gear, closure of
openings etc. together with a statement as to the responsibility of the Master in

maintaining the vessel in a satisfactory state of stability at all times; or

diagrams showing limiting deadweight moments at various draughts, together with the
assumptions as to the state of the vessel's tanks on which the diagrams are based.

(Particularly useful in the case of vessels carrying deck cargoes); or

a diagram showing a limiting GM value plotted against draught or displacement. (Some

notations concerning assumptions as to free surface and/or appropriate correction may

be necessary).

GENERAL CONSIDERATION OF THE PROBLEM

In the operation of any vessel there are two main areas of responsibility:

The naval architect should provide the owner and master with a vessel which is

seaworthy and can be operated safely.

The master must load and handle his vessel so that it is at all times safe and seaworthy.

The link between these two responsibilities lies in the provision by the naval architect of information

and instructions in the stability book to enable the master to load his vessel safely.

The stability book should contain information which

is complete
is reliable
can be used with ease and certainty

contains warnings about operating conditions which could adversely affect trim and/or

stability
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General Consideration of the Problems (Cont.)

In order to achieve these aims the stability book must be in a form compatible with the education and
training of the master and officers. In order to propose a format which meets this requirement it is
necessary to examine the syllabi for seagoing certificates to determine what is expected of the

holders of those certificates.

Reference to Section 2 Examinations and Certificates of Competency, of the Uniform Shipping Laws

Code reveals the following requirements:

e The stability knowledge required for Class I, Il and lll Certificates is such that holders of

those Certificates should have no problem in using a complete stability book.

e For Class IV Certificates while the ability to understand and use a stability book is not
specified, some appreciation of the information to be derived from curves of righting

lever is required.
e For Class V Certificates, a Master Class V (Trading) is required interalia to have.

"a general understanding of stability data carried by small vessels and its use”.

A Master Class V (Fishing) is not so required.

Discussion with officers of some State Marine Authorities about the standard of actual practical
knowledge of stability books and their application in small vessels by Master 1V and V candidates
was discouraging. Even where stability data is presented so that establishing stability for a condition
of loading by inserting figures in a number of boxes as per instructions could not be expected to be

completed with any degree of confidence in the result.

Doubt was ekpressed about the ability of candidates generally to determine moments, estimate
centres of gravity etc. (The writer has been asked recently, admittedly by a builder rather than a

seaman, "what is a centre of gravity?" when endeavouring to establish light ship characteristics).
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General Consideration of the Problems (Cont.)

While any proposals for simplified presentation of stability data must initially be based on the current
state of knowledge and facility with handling stability books, it is clear that part of any submission to
the Regulatory Authorities must be based on an upgrading of the knowledge of candidates for the

lower grade certificates.

It is also considered that simplified stability data should be an adjunct to and not in place of complete
stability information. This is to enable the master with the lower grade certificate to seek guidance

from others familiar with the complete presentation when problems may arise.

Since the aim of having a standardised stability book when first introduced some years ago was to
enable a ship's officer to find on any Australian vessel data presented in the same format, despite
individual characteristics of any ships in which he may serve, this philosophy has been maintained and

is expressed in Marine Orders Part 13, Ship Stability and Subdivision.

The problem of simplification of stability data is not unique to Australia, and has been addressed in

other countries. A review of past approaches to the problem will be helpful in considering a new

approach for Australia.



¥

Discussion Paper No.1 - Simplified Stability Data for Small Craft 15

APPROACHES TO SIMPLIFIED STABILITY DATA MADE BY
SOME COUNTRIES

1. U.S.A.

In about 1962, the ":National Pride" a shallow draught supply vessel capsized. The investigation
into the loss was extended to cover a range of similar vessels. The investigation was based on the

work of Professor Rahola supplemented by the work of Professor Paulling on the effects of

longitudinal waves on stability.

The philosophy is explained in the attached article "Stability of Offshore Supply Vessels" taken from
the Proceedings of the Merchant Marine Council, Volume 21. No.9 of September 1964.

Attachments 1 to 3 to MMT Note No.4 - 64 detail the application of the approach and give a

worked example.

The letter and accompanying stability information sheet for M.V. "Recoverer 1" illustrate how the
system works in practice. The stability information sheet(s) (two sheets are sometimes needed) are

to be placed under a transparent sheet on the wheelhouse bulkhead of the subject vessel.

While this application relates to offshore supply vessels, an examination of the stability
characteristics of any small vessel with limited tanks and cargo capacity could lead to a similar form
of presentation for that vessel. It is important to note that a full stability examination to establish the
validity of the stability information sheet is necessary and that the assigned load lines could be

stability controlled.
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THE ABOVE picturs shows what happens when the stability of a flat bottomed supply vessel is impaired by overloading or improper cargo

stowage.

STABILITY OF OFFSHORE SUPPLY VESSELS

BY LCDR WILFRED R. BLEAKLEY, JR., USCG

MERCHANT MARINE TECHNICAL DIVISION, HEADQUARTERS

A DESIGNER OF A SHIP has a prob-
lem in combining into a workable
whole the many characteristics de-
sired by the intended owner. Speed
vs. sea-Keeping, cargo capacity vs.
limiting draft in harbors to be visited,
cargo capacity vs. endurance, and

rgo capacity vs. exemption from

q
‘.«dmeasured tonnage are some of the

many conflicting aspects of a marine
design. Compromises are forced
upon the designer and the owner in
order to obtain a ship satisfying both
the needs of the owner and the ex-
pected service conditions.

Just as the designer must appreci-
ate the owner’s and operator’s in-
tended use of the vessel, so too must
the owner and operator appreciate
the limitations of the design.

This article discusses in nontech-
nical terms the stability of the small,
broad, shallow-draft vessels which
have evolved along the Gulf of Mex-
ico as mobile support vehicles for the
offshore drilling sites. IL was orig-
inally prepared to give operators of
these vessels a better appreciation of
the limitations and peculiarities of
that design. It is included in the
PROCEEDINGS because the basic

SEPTEMBER 1964

principles discussed herein are of
general application.

The principal features of a typical
offshore supply vessel are:

LOA 120’ to 130’

Beam 32°

Depth 10’

Load Draft 8'-4""

Freeboard at load draft 20°’

Displacement at load draft 700
long tons

Lightship weight 235 long tons

Deadweight 465 long tons

The major portion of the dead-
weight is for cargo on deck and
liquids in the “ballast tanks"—a very
minor part is crew, supplies for the
crew and the ship, and fuel: (about 7
to 10 tons). If peak tanks forward
and aft are £lled, this nonpaying
deadweight would be about 45 to 50
tons. This boils down to about 400
long tons of paying cargo at 20’ free-
board.

Basically the ship type is a deck
barge which has been fined up in the
bow for streamlining and cut away at
the stern for the propellers. Pilot-
house and crew quarters are forward
above the main deck.  Machinery ex-
haust, intake and access are contained

in trunks projecting up through the
deck aft in an outboard position so as
not to clutter the cargo area.

Cargo is carried on the broad open
deck area bounded with rails, pipe
stanchions, or closed bulwarks at the
sides. From the quarters forward
to the machinery space aft there
usually is a below deck tunnel, center-
line, which is flanked by large “bal-
last’* deeptanks that extend from the
bottom shell to the cargo deck. These
tanks are used to transport liquids to
the offshore rig.

SOME BASIC DEFINITIONS

The details of a vessel's stability can
be quite technical and involved. An
effort has been made to keep this
discussion simple. As a first step we
should review some basic terms:

Draft: Distance from keel to
waterline.

Freeboard: Distance from water-
line to deck—how close we
are to being underwater.

Metacentric height: GM—It is a
measure of initial stability.

As it gets numerically
smaller, stability is reduced.
151
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Figure 1 represents coordinate axis
upon which stability is commonly
shown in graphical form.

Figure 2 represents a transverse sec-
tion of a vessel showing the relation-
ship of G, the center of gravity; B,
the center of buoyancy; M. the meta-
center, the point through which B
acts.

Pigure 3 is representative of a typi-
cal offshore supply vessel. We are

interested in trends and not specific

numbers at this point. Specific num-
bers are left to the naval architect.
In figure three: ™

1. The loadline: Defines the max-
{mum draft or more correctly the
minimum freeboard. (How close we
are to being under the water.)

2. The required GM curve (5-5) :
This defines the minimum stability
for survival at sea, assuming the
cargo Is well secured.

3. The “‘shaded"” area of the graph
is the area to avoid. If we are inter-
ested in survival we stay in the un-
shaded area.

NOW FEOR THE SHIP AND ITS LOADING
{FIG. THREE)

1. Place the “bareboat” ship on
the graph as A. This is the basic
ship without ballast, crew, cargo, fuel,
etc.

2. Put on crew, fuel and supplies
and we move to point B.

3. Add a given tonnage of pipe
cargo stowed 4 feet high on deck and
we move to point C.

X

\ |

\/

Figure "2.
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4. Add drilling water in two below
deck tanks till they are each half full;
we move to D.

5. Press up those two “ballast™
tanks and move to E. So far so good.

6. Now let us go back to point B
and assume that instead of pipe we
are transporting drilling mud in con-
tainers 7" x 7" x 18" or 8’ x 8’ x 16°
mounted on skids which raise them
another 6 inches off the deck. From
point B load an identical tonnage to
what we had before but this time the
tonnage is in full or nearly full mud
tanks. Since the center of gravity of

‘the cargo is higher than before, we

move to point C1.

7. Add same amount of “ballast” as
before and move to D1 and El. As
you see, we are now into the shaded
area. Numbers have intentionally
been omitted, the principle is the im-
portant thing and that is all that is
being demonstrated. It is definitely
possible to load these vessels danger-
ously.

TO EMPHASIZE THE ABOVE

1. In adding cargo on deck we
have moved toward the shaded area
of the graph. Both freeboard and
stability have decreased.

2. In adding ballast in these ves-
sels, contrary to what you might think,
the same thing happens; both sta-
bility and freeboard decrease. Cer-
tainly the stability did not decrease
as fast as it would have if we had

ABOUT THE AUTHOR

LCOR Bleakley was recently assigned to the
Technical Staf of CCGD9lml. He graduated
from the Coast Guard Academy in 1951 and
completad post graduate training in Naval
Construction and Marine Engineering at
M.IT. in 1957. On previous duty assign-
ments in the Coast Guard he has served in the
Merchant Marine Technical Division at
USCGHQ, in deck and engineering billets on
both Atlantic and Pacific Ocean station vessels,
and as a Ship Superintendent at the CG Yard.
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Figure 3.

added more deck cargo, but it did
decrease.

3. In a conventional cargo vessel
when you add low ballast you get a
gain in GM shown in figure 4.

4. Such is not the case when you

consider an offshore supply vesse'@

with a broad shallow-draft hull form
One nontechnical reason is because,
in these vessels, adding ballast does
not appreciably lower the center of
gravity. In these vessels, tonnage ex-
emption considerations plus a required
capability of transporting large quan-
tities of river water “ballast” to the
drilling site (to be used as drilling
water) do not provide a tankage ar-
rangement which improves stability.
The addition of liquids in the deep
“ballast” tanks of these vessels never
improves stability. The only thing
you can say of merit is that stability
decreases less than if an equal amount
of deck cargo had been added. A
more sophisticated reason is that, in
this hull form, the displacement is in-
creasing without significant change in
the waterplane. These effects com-
bine to reduce GM drastically.

HOW MUCH STABILITY IS NEEDED?

Our goal is to stay out of the shaded
area. To do this we must know theo
boundaries of the shaded area—thi
is for the naval architect to deter-
mine. After the boundaries are
known, we must:

1. Assign the responsibility for
maintenance of stability. There must

DRAFT
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Figure 4.
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be a man who knows the condition
of the vessel at all times, f.e., some-
one in charge on board the vessel
This has customarily been the Master.
2. Give the Master a set of simple
rules so that he can keep the vessel's
stability “out of the shaded area.”
The required GM curve which the

UCoast. Guard feels is applicable to this

o
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type vessel is based on the work of
Rahola (a professor at Helsinki) with
a slight modification to take into ac-
count more recent studies by J. R.
Paulling (a professor of the Univer-
sity of California). Paulling’s studies
concern the decrease in stability ex-
perienced when a ship has a wave
crest amidships. For these broad
shallow draft hull forms the stability
decrease associated with a wave crest
amidships is much more significant
than in conventional forms. An ex-
ample of when this stability decrease
would be experienced is when running
before a sea, where the vessel will be
on the crest of a wave for a relatively
long time in relation to the roll period.

RAHOLA CRITERIA AND DYNAMIC STABILITY

It has been mentioned earlier in
this discussion that metacentric
height (GM) is a measure—a yard-
stick 1f you will—of initial stability,
which for convenience can be con-
sidered as stabllity with no heel on
the vessel.

Rahola uses another yardstick, re-
lated to GM, but taking into account
other factors, such as the behavior in
the sea. Rahola’s yardstick is called
dynamic stability.

DYNAMIC STAB,
N

ANGLE OF HEEL

Figure 6.
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Definition: Dynamic stability is a
measure of the energy required to
heel a vessel from upright to a given
angle. Figure 5 shows the relation
of the righting arm, GZ, to the angle
of inclination of a vessel. This is a
static stability curve.

Graphically, dynamic stability, at
any point, is the area under the static
stability curve up to that point, and
it usually looks something like figure
p :

Rahola says, essentially, that a ship
needs a certaln amount (15 foot de-
grees) of dynamic stability to survive
in a seaway. He measures this dy-
namic stablility up to a critical angle
which is determined by:

(a) A point where the dynamic
stability ceases to increase appreci-
ably with more heel; in other words,
where the tendency or desire of the
vessel to return to the upright con-
ditlon begins to decrease. Rahola
used the point where the angle of
maximum righting arm or 40 degrees
(whichever is less) has been reached.

If the vessel starts to flood before
the previously mentioned point is
reached, then “signals are off.” The
reason is that the vessel does not get
the chance to develop its full survival
capabilities which it otherwise would
have if all openings were closed and
the vessel did not flood. So Rahola
adds the following:

(b) Or to the angle at which
openings admit flood water—the
down flooding angle.

A required GM curve can be com-
puted which meets the Rahola cri-
teria. If all openings are closed at all
times the general shape of the re-
quired GM curve for this type vessel
is shown by curve ABC of figure 7.
But, if flooding will occur through hull
openings then the vessel's heel must
be limited to avoid exposing those
openings, and the curve would then
look something like ABD.

From this we can see that two
points about openings on deck should
be stressed.

1. The Master must see to it that
openings which could flocd the ship
are kept closed. This is essential in
this class of vessel where a roll of
6-10° puts the deck edge under.

2. The designer should assume
that if something could go wrong it
will go wrong. People will leave doors
open, especially in situations with
poor ventilation. Doors and other
openings should be located well in-
board or high up where they have less
chance of being awash.

VESSEL’'S TRIM IN RELATION TO LOADLINE

Sometime in your childhood days,
you may well have gone swimming
with other children on a raft. You

Ly 8
<
&
A
[=1\%)
Figure 7,

noticed when the raft got crowded,
that as long as you were all evenly
distributed or were all near the center
of the raft, you were still afloat and
the raft was level. If, however, you
all went to one end of the raft (mind
you, the same number of People on
the raft in both cases) you quickly
Tound that the crowded end went
under and maybe even scooted out
from under you.

A similar trimming action happens
with the typical offshore supply ves-
sel, or with any vessel for that matter.
For example, load a barge evenly with
cargo. The vessel is level and just
has its loadline at the surface of the
water. Now move the cargo to the
stern. What happens? The free-
board decreases at the stern, but the
loadline mark is still above water.
The same thing would have happened
if you had initially placed the same
cargo at the stern.

The consequences of this are nu-
merous and more significant in a ves-
sel without a poop deck. Obviously,
any hatches, such as access openings
to the steering gear room, are that
much closer to being under water or
being washed over by waves, and any
water on deck tends to reduce sta-
bility.

CARGO SHIFT

A ship with properly secured cargo
can operate in the unshaded area of
the previous diagram and be safe.
The required GM curve shown on the
left of the diagram assumes that the
cargo is secured. But if the cargo is
not secured and large heavy objects
are gllowed to careen across the deck,
you are in trouble, and following all
the other rules in the book won’t help
once the cargo has shifted and the
vessel capsized.

Again we are back to the raft story,
except that instead of moving the
load to the stern we have moved it to
the side of the ship. The results are
generally more severe: and the re-
sponse quicker sinece-there is less re-
sistance to heeling than to trimming,.
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ONE EXAMPLE of an offshore supply vessel carrying heavy weights high above the waterline.

FREE SURFACE

A liquid free surface acts to the
detriment of stability in a manner
similar to a cargo shift. It is, how-

DOWNFLOQDING

Water flooded into the internal por-
tions of a ship is a load which reduces
freeboard and also reduces stability

’9

deadrise, less deadrise, a double chine
form and a conventional gradual turn
of the bilge form, all of which are
currently in service.

The aim of these analyses is to
shortstop the calculations presently
necessary to determine a Rahola re-
quired GM curve by devising a famlily
of curves {from which an appropriate
curve for a particular vessel may be
selected without ecalculation. Ulti-
mately it would be desirable to derive
a simple formula using principal di-
mensions such as beam, draft, depth
and midship section shape which
would provide a curve equal {o a
Rahola required GM curve.

In addition to giving the owners
and operators a better appreciation
of the stability limitations and pecu-
larities of these vessels, it is hoped
this article will generate additional
interest and progress in the areas o}
steps 2 and 3 which are vital to asW§
sured, rather than chance, operation
in the zone of adequate stability.
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Compare the trip from the kitchen Naval Architects and Marine Engi- :
sink to the refrigerator with an ice CONCLUDING REMARKS neers, 74 Trinity Place, New York :
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:.k::;x::l: gtnc:;ee:tz?;sdg?ie;ree'rséffa.ce spots of stability, as it affects the - 3. “Transverse Stability on Tuna :
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Some progress has been made on

BLOCKED FREEING PORTS: step 1. This beginning involves & se-

water on deck, held there by bul- g‘g fgi o‘f:‘;‘ﬁﬁ‘}%‘r‘; g&‘ﬁaggog;‘;g :
ks, is just like tons of deck cargo : p 4
Wwarks, 2 which is representative of this type _.
except that it is also moving. Thls  o¢ yesse]. This information is cur- X
reduces both freeboard and stability. rpently being used as a basis for %
Therefore, an important design de- approving stability calculations sub- L
tall is the requirement for an adequate mitted to the Coast Guard for in- X
amount of freeing ports to allow the spected and certificated vessels of this , }
water to drain clear. The operator type. Because the hull forms do vary, S 0N IN /- THE WATER'S Fine )’ -
must insure that freeing ports are additional workhas been scheduled to : &
not blocked by cargo. include hard chine forms with more Cuurtcay Maritime Reporter £
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:ﬂerACKMENT (1) TO MMT NOTE KO, L-64

I RAHOLA STABILITIX CRITERIA

A minimum stamdard of intact stability outlined by Professor Jaake
Rehola on pages 107, 108 and 118 of his publication “The Judging of the
Stability of Ships eaad the Determinatiox of the Minisum Amouat of
Stability", Helsinki, Finland, 1939 h .

1. Professor Rahola did & statistical aad theoretical analysis
: . of vessel casualties aad arrived at certaia conclusions as to the
= dynanmioc stability mecessary for vessel survival., Hie standard 1is
bmaed on the operating vesscl poaaosoingﬁg--iainun amouat of reserve
dymamic stability when heeled to & opqsit}iﬁ.na;lo. The criteria ie
that the area under the rightiag arm curNe @et equal 15 foot=degween
ap to the least of the following anglest IR A L

v ~l . .
.

a., 4O degrees.

b. The angle cerrespondiag te maximum rightiag arm. .
- ¢, The azgle at which openings immerse (down flooding).

2. The righting arms curves are based upor the veassels vertical
center of gravity after correctios for free surface.,

3, This standard doea mot imclude the effect of moveable cargo.

I1 PLANS AND STABILITY INFORMATION REQUIRED FOR STABILITY ASSESSMENT OF
OFFSHORE SUPPLY VESSELS

1. A stability test as per Subchapter I, Sectionm 93,05 1is required to
determine lightship weight and centers. The plans listed in 93.,05-5(b)
muast be submitted prior to the test., Sufficleat time should be allowed

for plam revievw,

2., Based upon the {nformation derived from the stability test, & grovp
of realistic loading conditlon calculutions pust be submitted. The calcu~
(~ lations shall show that under all operating conditions the vessel will meet
the required stability standard, The load l1ine seaigament will be limited
by the deepeat, safe, load condition submitted by the owmer,
SRR TRET-PIRr A
3. The stability standard for aubjuct'v.uudlé is based on the Rahola
criteria which require that cross curves of stability be prepared. A
Fshola analysis must be made im order to determine a curve of required GM.
The required GM curve with supporting calculations, iacluding cross curves
of stability, must be submitted for review, However, the Merchant Marine
Technical Division of the Coast Guard has prepared a aet of curves which
may be used to obtain required GM curves for moat offshore supply vessels.
For applicable vessels the owner may use the data from these curves in lieu
of doiag & complete Rahola stu!,. The final decision as to whether or mot
the curves are applicable to a particular vessel shall be made by the
Commandant, U, S. Coaat Guard, or his representative.
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* ATTACHUMENT (3) TO MNT NOTE NO. 4-6h
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SANDCLE CALCULATION using "Curves of Réquired GM for Broad Shallow '
Draft Vessela of the NATIONAL PRIDE type bascd on Rahola's Criteria"

Vesgel characteristics needed for calculations

B = 36'0" D = 10'0" Deadrise = 0O

Step 1 Deadriaoe correction
. Normal dendrisc = B/29.6 = 1.0405°

hey, .o
Deadrlae correction = X=t2'- . =,.70
~

.

Corrected Depth (Dc) = lu.v' - .7 = 10.7°'

Step 2 Entering Argument for Curvas
For deaft (d) = 6.0' corrected draft (de) = 6.0 + .7 = 6.7'
Therefore, (d/D) corrected = 6.7/10.7 = .625

Q_x S5tep 3 Data from cur;eu for B/be - 36/10.7 = 3.36
Enter curves witﬁ_(d/D) corrected = .625
Interpolate for /U = 3.76 Lo obtain a value of the
absissa equal to (0271 ahich equals GMr(;LZQQ_)
B 3/2

C'fiﬂr(;_l."'li‘i_. - .0371
B o3/2

. .0571 B 3/2 where d is the corrected

solving for Gilp Gllp C
L1764 draft.

Gyvp = 6.80

Therefore at d = 6.0; required GM = 6.80"
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A A DEPARTMENT OF TRANSFURTATION Address redly to:
77 TR Yk AR . COMIANDER (cmt)
e :"(." AR UNITED STATES COAST GUARD Cighth Coast Guard District
§ aly Nl } Customiouse
4, \i@éé g .. New Nrleans, La. 70130
. < g e e o . —
N .. u.‘ A TR B cly fasan CoNoone .
Potetbe e o 5340/H/Y RECOVERER—
i Ser 149
“Canent USL (3 7%// 28 Januavy 1970
Schiller & Allan, inc. ¢ u{;g,
5012 Telephie Roud 5
Kouston, Toxas 77017 - ‘//AEA
Attn: Me. R. E. Schuller, Jr. FG
MG
Subj: M/V RECOVERER 1 u/;“K

Corpus Christi Hull 111
118" x 26' x 12' Utility Vessel (uninspected) errnnannan.. RSL

Ocean Service

.............

. Stability Pursuant to Load Line

Ref: (a) Schuller & Allan, inc.'s letter of 7 January 1970 .,
Genticman:
Enclosuie (1) is approved. .

The stcbility of this vessel is consicared satisfactory for a freeboard
assiaonmanc of 2 feat 2% inches, proviced the operating restrictions in the

enclosad stubility infonnaticn sh2et are observzd. The stability informaticn

Qla ™

shcot shall be furnishad the taster of the vessel and should be pcsted in the

pilathouse.

A ccpy of the stability infermation sheet has boen sent to tha load line

assigning authciity to be attached to the load 1ina certificate. A statecment-

will be placed on the face of the certificate which states:

“This certificate is valid only so long as the operating
restricticns on the attached stahility information sheet dated
28 January 1570 are observed.”

Very truly yours,

f. C. HILL

Ccrmander, USCC

Chief, Marchant Marine Technical Branch
By directicn of Commander

Eighth Coast Cuard District
Encl: (1) Stability Information Sheet for HM/V RECOVERER I
Copy to:

ABS, HOLA, w/1 copy of encl. (1)
PSS, Galveston, w/1.copy of encl. (1)
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y SECT TO COMMENTIS N o
#cccDs MMT LETTEK

28 January 1976

JAN 281970 :
STABILITY INFORMATION FOR
—r M/V RECOVERER I

,Mcrchant Monue Te Suica) Branc -
iy Disecten o Co - a0der
Eisbih Cosat Guard Di artet

A stability test supervised by the U. S. Coast Guard was performad on the
M/V VAPITI, a sistership of this vessel, at Corpus Christi, Texas on

27 February 1569. On the basis of this test stability calculations have
been perfoiviad. Results indicate that the stability of the M/V RECOVERER I
as presently outfitted and equippad, is satisfactory for operation in Ocean
Service provided the following restrictions are adhered to:

1. A maximum of 55 long tons of deck cargo may be carried
on board this vessel. The forward and after wing tanks
P/S, the #2 and #3 double bottoms P/S and the #4 tanks
P/S may be carried full.

2. If no deck cargo is carried, tanks #5 P/S may be used
trimming purposes.

3. TFim should ba minimized and should always result in a A

(= frecboard of at least 18 inches at the stern.

4. The maximum vartical center of gravity permitted for deck
cargo as stcwed is 3 feat above the deck. Such cargo must
be pesitively secured against shifting in a seaway prior to
leaving protected waters.

5. Partially filled ballast tanks shall never be carried lass
than % full. There shall never be more-tnan one pair of
partially filled ballast tanks at ary one time. .

6. Cross-connccticns between all port and starboard wing tank
pairs shall be kept closed at all times when in operation.

7. Main deck hatches and weather doors to forecastle and
machinery space shall be kept closed and fully secured at
all times whon underway, except when actually used for
transit under safe conditions.

- 8. Main dack freeing ports shall be maintained operable and
completely unobstructed at all times.

9. Bilges shall be kept pumped to minimum content at all times.

It shall be the Master's responsibility to maintain the vassel in a satisfactory
stability condition at all times. The Master shall notify the load line assign-
ing authoyity of any alteration which significantly affects the stability of
‘the vessel. '
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Discussion Paper No.1 - Simplified Stability Data for Small Craft 25

2. UNITED KINGDOM

On 6 February 1970, the single screw motor coaster Lairdsfield' capsized at the mouth of the River
Tees with the loss of all hands and without any distress signal having been sent. It was felt that the

heel induced by a turn to starboard round a buoy was sufficient to overcome what little stability it

was calculated that she possessed.

The ship was loaded with a full cargo of steel plates and hollow hexagonal columns. There were 375
tons of columns over stowed by 254 tons of steel plates filling a substantial portion of the hatch,

most of the plates being above deck level.

The vessel was built in the Netherlands, and carried some stability data in Dutch and some in English,

apparently unapproved by the B.O.T. The situation in respect of the stability data held on board was

very confused.

The subject of stability data was considered at some length by the Court who commented, interalia,

"The presentation must be adequate but simple, and appropriate to the standard of

knowledge of seagoing officers".

Following the loss of 'Lairdsfield' and the Court's comments on stability, the Department of Trade
and Industry issued Merchant Shipping Notice No. 627 dated November 1971, which incorporated

the Court's recommendations together with some Departmental advice to owners.

After some years of experience with various methods of presentation of simplified stability data, the
Department of Trade issued Merchant Shipping Notice No. M867 in November 1978. Precautions
to be taken inthe use of such data and the dependence of ship stability on appropriate closure of

openings which should be weathertight is highlighted.

The Department, follovying the issue of Notice No.627, issued advice on a convenient method for
developing a curve or tabular statement indicating maximum permissible dead weight moment which

can be applied to a ship at a given displacement.
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DEPARTMENT OF MERCHANT SHIPPING NOTICE No. 627

TRADE AND INDUSTRY

SIMPLIFIED STABILITY INFORMATION FOR SMALL SHIPS

Notice to Shipowners and Shipbuilders

The Court investigating the loss of * Lairdsfield "’ found she was lost because
of totally inadequate stability resulting from the improper loading and stowage
of her cargo. It recommended that owners should endeavour to conform to
the agreed criteria as laid down in the 1968 Load Line Rules even though they
may not be required to do so by law. The Court further recommended that the
presentation of the data, particularly on small ships, should be simplified. It
suggested that the data required by the Load Line Rules should be in tabular
form, rather than in the form of curves, and that an additional column giving
the minimum GMs required to comply with the criteria at regular intervals of
draft from the light to the loaded condition would be useful.

The Department agrees with both these recommendations, and would further
suggest that an additional method that may be adopted is a table giving the
maximum permissible deadweight moment above the keel, also at regular
intervals of draft. This latter method obviates the need for any calculation of
GM values, and is particularly useful for ships carrying deck cargoes.

The above recommendations are aimed particularly at small ships (up to
100m in length) where the operating circumstances leave little time for the ships’
officers to deal with involved stability calculations; nevertheless, owners of
larger ships may also find it useful to add such simplified data to the stability

booklets.
The Court also recommended that owners should institute suitable means

whereby they can satisfy themselves that their officers are capable of calculating
the stability of their ships and that they do in fact carry out stability calculations

when necessary.

The Department wishes to stress the value of the above recommendations
and urges owners to adopt them as soon as possible.

MS 67/15/017

Department of Trade and Industry
Marine Division
November 1971

Printed by Her Majesty's Stationery Oftice Press, Harrow
161578 Dd 832538 2IM /73
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DEPARTMENT OF TRADE MERCHANT SHIPPING NoOTICE No. M.867

SIMPLIFIED STABILITY INFORMATION
Notice to Shipowners, Masters and Shipbuilders

1. It has become evident that the master’s task of ensuring that his ship
complies with the minimum statutory standards of stability is in many
instances not being adequately carried out. A feature of this is that undue
traditional reliance is being placed on the value of GM alone, while other
important criteria which govern the righting lever GZ curve are not being
assessed as they should be. For this reason the Department, appreciating
that the process of deriving and evaluating GZ curves is often difficult and
time consuming, strongly recommends that in future simplified stability
information be incorporated into ships’ stability booklets. In this way masters
can more readily assure themselves that safe standards of stability are met.

2. Following the loss of the Lairdsfield, referred to in Notice M.627, the
Court of Inquiry recommended that simplified stability information be
provided. This simplified presentation of stability information has been
adopted in a large number of small ships and is considered suitable for wider
application in order to overcome the difficulties referred to in paragraph 1.

3. Simplified stability information eliminates the need to use cross curves
of stability and develop righting lever GZ curves for varying loading condi-
tions by enabling a ship’s stability to be quickly assesstd, to show whether
or not all statutory criteria are complied with, by means of a single diagram
or table. Considerable experience has now been gained and three methods of
presentation are in common use. These are:

(@) The Maximum Deadweight Moment Diagram or Table;

() The Minimum Permissible GM Diagram or Table;

(c) The Maximum Permissible KG Diagram or Table.

In all three methods the limiting values are related to salt water displacement
or draught. Free surface allowances for slack tanks are howcver applied
slightly differently.

4. Consultation with the industry has revealed a general preference for the
Maximum Permissible KG approach and graphical presentation also
appears to be preferred rather than a tabular format. The Department’s view
is that any of the methods may be adopted subject to:
(a) clear guidance notes for their use being provided and
(b) submission for approval being made in association with all other
basic data and sample loading conditions.

In company fleets it is however recommended that a single method be
utilized throughout. S
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5. Itis further recommended that the use of a Simplified Stability Diagram
as an adjunct to the Deadweight Scale be adopted to provide a direct means
of comparing stability relative to other loading characteristics. Standard
work forms for calculating loading conditions should also be provided.

6. It is essential for masters to be aware that the standards of stability
obtainable in a vessel are wholly dependent on exposed openings such as
hatches, doorways, air pipes and ventilators being securely closed weather-
tight; or in the case of automatic closing appliances such as airpipe ball
valves that these are properly maintained in order to function as designed.

7. Shipowners bear the responsibility to ensure that adequate, accurate
and up-to-date stability information for the master's use is provided. It
follows that it should be in a form which should enable it to be readily used
in the trade in which the vessel is engaged. :

Department of Trade
Marine Division
London WC1V 6LP
November 1978

Printed in Scotland by Her Majesty's Stationery Office at HMSO Press, Edinburgh
Dd 563514 15,005 11/78 (15950)
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STLPLIFIED SPABILITY INYORIATION

(R

Marine Notice o 627 rccommends that on small ships a simplified form of stability
informaticn should be previded widich will enable the master to load his ship both
safely and gqiickly. Thia infommation should take the form of eithaw a curve or
tabular stiatasent indicating the maximua pamissible deadweight moment (ie the
peixinum combination of weight and height ofecargo, Musl, stores and water) that
cal ba saloly applied to the ship at a pacticular dlsplacement,

s e 0!

At

To constract d#nchi 2 curve or tabla it i3 of course unecsssary to have hydeostatbic

infomiating, cross carv=u of 3tabilisy and lightship parbileulars. lhny coumpatar

sroseaas ara aleendy designud to supply the "maximwn pzeaiaaible deadwelgnt moment g
a2 o normal function of opsration, howaver even withou$ tha aid of a compuber such
Julomuation cal he readily obtailned,.se2 pules 2,3«4

recommendad mothod of presenting this inforwation together with a wiuggested Loading
et Lo be completzd for each voyeyge ure illustrated on pages 5.4.6,
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SIMPLIFISD BTABILITY INFORIATION

4 suggested method of construcling a curve of Maximum Permiusible Deadweight Moments

The prime need in constiructing such a curve is to obtain themaxinum value of KG that
can bte used in association with a particular displacement, in oxder that a statical
stability curve complying with the 1967 Load Line Rules critzcis can be produced.

It will be appreciated that unless a computer is employed it will not be possible to
select the maximum KG value to satisfy the criteria imuediately and that a degree of
trial and error will be necessary. Th2 followiang approach should however gre ally
Ad3iut in reducing the time taken to obtain the required KG Value.

G424 = CZ - GGy Sin @

dngle of Inclination

Aggume that the do%tted line represumis the curve produced by the KG value initially
selected and that this curve is in cxcess of the criteria requirement - represented b
the shaded curve:-

°
then area under original curve up to 0° = _O/GZ 4o
) L)
and " criteria 0o e° = ‘[ (}012’. de P
= GZ do - ./GC-1 Sin © ¢
v
now the dlfferenu.e in ared. between thk °e twvo curves up to 0° = dA and
QA w ,(c,zqs [Jc'/de- /a/cc1smeda_7
dd = /Gu SinBas ;
& = GGy /[~ Cos 8/ ®
=66, /1 - Cos 6/
then the increase in KG which will still meet area criteria = GG = dd

[ 1 -Coso/




thus for area under curve up to 30°; GG, = dd - 7.46 aa
1 - Cos 30°
" " " " " n " 400; GG' = dA = 4.27 dA
1 —
1 - Cos 40°

o .
oo 407 oin e @@
1 300

‘O
¢, /- Cos 6_732?

, 30° & 40%; A

6, [ 0.866 - 0.766_

.. GG, =10.0 ¢

Uging this information it should then be possible to ascertain the maximum KG vazlue
waich will meet the stability criteria for any displacement. By selecting a nimber
of displacements to cover the lightship to sumner-load range,a curve of Maximum
Permissable Deadweight Moments can be constructed. :

Scc example on nexi page.
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sypical worked example using foregoing information.

Assume for a given draught the displacement of ship = 600 tonnes and KM value 3.87 met
Then after examination and trial asswne that the maximum value of KG to meet criteria

= 3.6 metres.

Staze 13 Check Gf criterion; G = K - KG = 0.20 metres +tnis meets criterion.

Stape 2; Construct Statlcal Stability Curve, ascume this is in excess of criteria suc
that area up to ’O = 0.061 uetre radians (0.006 mr in excess of criterion

g it 40 = 0,099 " 1 (O 009 mr oon " "
area between 307 & 40 = 0.038 0o (0.008 mr ,, " " "
Stage 3; Use fomulae developed earlier to obtain the value by which the KG could

be increased such that criteria will still be achieved, ie

7.46 A = .045 m

Peraissable rise in KC to meet criteria at 30

1] 1] " " " " 1] " 40 4-27 dA = °O38, m
1" " " n o0 on " between 30 & 400 = 10.0 dA = .08 mn
permissible

“hcn by inspection it can be seen that the m4x1mum/ nerease in KG will be 0,038 metres
therefore maximum KG value = (3.67 +.0.038)

= 3.708 mectres

Reproduce statical stability cusve with KG value of 3.708 metres and check
to see that all other criteria are satisfied; if so this KG value and
displacemcat of 600 tcnnes are used to obtain one spot for the Maximum
Permiscable Deadweight Mowmoent curve, vis :

Maxirum Permissable Deadweight licuent at displacement of 600 tonnes

[ (A xKG) - (Lightship A x KG*)_/

[/ (€00 x 3.708)=(suy 200 tomes x 4.0 w) /

Stuge

1]

2,250 - 600

= 1,450 tonnes metres

* .
(It is recommended that a maximuwa free surface correction be added to the Ligntship
KG to eliminate such corrections at a later stage. If this is not practicable then a
table giving free-suvrface corrections at varyinyg displecesents will be necessary) .
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SIMPLIFIED STABILITY INFORMATION

A suggested method of presenting stability infomation in a simplified
mauner as recommended by Marine Notice No.b27 15 shown on the next

two pages, | required, advice on the method of preparing such iofomaiion

can be obtained from any Marine Survey Office,

17

33
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SIKPLIFIED STABILITY INFORMATION

Deadweight Moment Curve
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Using this information a simplified ‘"Ceadweight Moment Scale'’ ceuld be produced e.g.

Deadweight Moment Scale

MAX. PCRMISSIBLE
DEADWEIGHT § ;‘3‘ SR 22
MOMENT QUKL 2
(Tonnes Metres)
DISPLACEMENT 0 “ -
ARIEIINIEE
(Tonnes) Yl1Zizl=i=z =
CRAUGHT SHNERE RN
, elajealals] <}y
Metres) <] o ) e
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Typicol Looding Sheet

\ LA T 7 * =T
] ’ !
} J i - -L-—c 6 78 L., y
Heights 'h’ 1 2 3 4 ;5
6 - 7 3 9= ; 10+
ltems of Deadweight W?tht Height cbove‘t'ce! to centre Deoadweight Momen
w x h
e e e e e S I PR -
Corgo in Hold..
Cargo on Deck -
0i! Fuel
Water Bollast in F. Peok
etc.
vy
Ir S o -
TOTAL DEADWEIGHT TOTAL DEADWEIGHT MOMENT
LIGHTSHIP
DISPLACEMENT *

N.B.* At this Displacement the ‘‘Totsl Deadweight Moment’" must not

-------------------------------------------------------

exceed the value of
as shown by the Deadweight Moment Scale.
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3. SWEDEN

The U.K. Merchant Shipping Notice N0.627 in paragraph 3 states.

"The above recommendations are aimed [particularly at small ships (up to 100mm length)
where the operating circumstances leave little time for the ships' officers to deal with
involved stability calculations; never the less, owners of larger ships may also find it useful

to add such simplified data to the stability booklets".

This problem of time constraints was also addressed by Ralph Norrby in his paper "The Stability of
Coastal Vessels", Transactions of the Royal Institution of Naval Architects, Volume 104, 1962,

p-517:

"When the last "heave" is taken on board, it is usually time for the ship to sail and there is

no opportunity to carry out either re-stowing of the cargo or stability calculations.

The Master should therefore have the opportunity of judging the stability directly on the
basis of the behaviour of the ship during loading, unloading, or at sea, without needing to

carry out any laborious calculations based on theoretical cases of loading".

Norrby considered the question of judging stability with the aid only of metacentric height GM. He
indicates the disadvantages of this by highlighting a casualty which had a high GM but also had a
double hump stability curve withy very low righting lever values. He indicated that this short coming
could be overcome provided the GM criterion is based on an extended stability criterion which

would make up for the shortcomings of the use of GM solely.

Norrby used Rahola's criteria, with some small modifications. He compared Rahola modified with

other criteria in regular usage and decided that this could give satisfactory results.

In order to study stability on board, Norrby considered 3 methods of simplified stability

determination:
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Sweden (Cont.)

e Moment calculation
e Heeling Test
e Rolling Test

Norrby recommends the adoption of the moment calculation despite the desk work involved, but

with the aid of the rolling test for confirmation.

The heeling test which is in effect an inclining test should be carried out alongside rather than at sea
where the wave forces can influence the result. To be useful the test needs to be carried out at a late
stage in loading. However if the result is unsatisfactory then a cargo re-stow is indicated. Because

of the time, trouble, and expense involved there will be a temptation to ignore the results of the

heeling test.

Thirdly, Norrby recommends the rolling test. The mechanics and value of the rolling test are
elaborated below. It is recommended that the test be carried out either alongside or at sea where the
vessel can roll in its natural period. Again the difficulty lies in the action to be taken if the roll period

indicates an insufficiency of initial stability, particularly if the test is carried out at sea.

Norrby carried out tests to determine the influence of quay walls and sea bottoms on the radius of

gyration and hence on the period of roll.

Rolling period diagrams showing safe and unsafe operating areas are demonstrated. The paper

concludes with a list of 17 conclusions in the matter of judging the stability of coasters.

The types of vessel considered appear to be what was known as a typical North Sea coaster, a type

of vessel not often seen on the Australian Coast. An example once well known in Australian waters

was M.V, "Blythe Star".
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4. AUSTRALIA

During the deliberations which led to the production of the Uniform Shipping Laws Code, in
particular Section 8 Stability, two States submitted draft simplified stability books. Although these
were directed towards use in fishing vessels, the same principles could have been used for cargo

vessels.

Due to their detailed presentation it was not felt that they were effective in simplifying the standard

stability book.

At the same time, a presentation which would have produced limiting curves of KGr and LCGr was
discussed. Access to the appropriate records is not possible, but it is felt that this was discussed and

it was not proceeded with at the time due to the winding down of the U.S.L. activities.

In 1986, a document "Simplified Presentation of Stability" was circulated to Industry for comment.

Though based on a fishing vessel, the method would have been equally applicable to vessels of other

types.

Guidance was provided on the calculation of curves of limiting KG and LCG.

All formulae in the Guidance were based on just meeting IMO criteria. No margins of any sort for
water on deck, wind and waves, inaccuracy etc are included. This is particularly important in the

light of the deficiencies in the IMO Criteria demonstrated by casualties throughout the world.

It is not known what was the outcome of the Industry comments. So far as is known this proposal

has never been adopted.
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S. DENMARK

In 1974 Denmark made proposals to IMCO (now IMO) concerning methods for determining

stability criteria and for determining curves of limiting KG and GM.

These were based on the use of the MS and Cgs concepts espoused by Professor Prohaska. In 1981
they were presented in a more advanced form, but due to lack of association with IMO in recent

years it is not known what developments were made in these concepts.

It is known that because of refinements made since the first introduction of the MS concept in 1947,

the application of the method has become more complex.

So far as is known MS and Cgs have never been widely applied in Australia and no knowledge of

local application is held by the writer.
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ACCURACY, PRECISION AND UNCERTAINTY

Accuracy, precision and uncertainty have always been of prime importance in stability calculations,

not least in determining light ship characteristics, because of their influence on all subsequent stability

calculations.

For example a conservative determination of light ship KM can result in a calculated KG value lower

than the actual, with the potential for subsequent over estimation of stability in working conditions.

Possibly the most comprehensive study was carried out by E.V. Lewis in USA and published in
1941, "Precision in Naval Architectural Calculations". Lewis considered all conceivable factors

which could be involved, and assigned probable errors to each factor.

With the increasing interest in ship motions which developed after World War 1I, came a particular
concern with rolling. Bonebakker appreciated the particular importance of safe rolling for small
ships and explored the accuracy of determination of GM which is a major factor in the equation for

rolling period. He found a significant number of inaccuracies in the practices adopted at that time.

Prohaska in 1947, proposed a standardised method for the presentation of stability information. To
determine the uncertainty of ship calculations, students over a number of years were asked to
perform stability calculations for the same ship using different instruments and different methods. He

presented diagrams demonstrating the wide variation in the results.

With the current usage of computer programmes and the limited use of hand methods, a review of

the uncertainty to be found in computer methods became necessary.

Miller at the University of Glasgow carried out such an investigation which he reported on in 1963.
It would seem that despite the 30 years which have elapsed since Miller's paper, the uncertainty in

stability calculations still exists, but now from different sources.
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Accuracy, Precision and Uncertainty (Cont.)

In the intervening years examination of the accuracy of inclining experiments and determination of

GM has been a recurring problem. Some studies which have been published have been recorded in

the list of References.
The accuracy of GM for various conditions of loading seems to be critical for at least two reasons.

o where rolling periods or heeling tests are used to determine GM, then a high order of

accuracy is essential.

e for small vessels which have a high GM and are therefore initially stiff, but have low
values of GZ, possibly with a double-humped shape of stability curve, knowledge of the

initial GM again must be known to a high degree of accuracy.

Where a series of values of one quantity is determined by measurement, eg, GM for various shifts of
inclining weights or roll periods recorded during rolling tests, the method proposed by Logan for

assessing the acceptability of those values can be helpful.
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ROLLING PERIOD TEST

The equation for period of roll is

T=2=nk
VgGM

where K = transverse radius of gyration

Rewriting we find that

GM =4 n*i?
g T?

The equation for GM is not exact because of the variation of the radius of gyration with the

geometry of the vessel, its draught, load distribution and distance from boundaries such as quay walls

and the sea or harbour bottom.

Values of radius of gyration are commonly expressed as a proportion of the beam of the ship,

different values applying to ships of different types.

For ships of one type it was found for example that the average value of k was 0.44B, the range of

values being from 0.41B to 0.46B.

A commonly held belief is that a significant influence on K can be achieved by "winging out" the

heaviest units of cargo.

Manning in Principles of Naval Architecture Volume II, showed that to increase k appreciably
without affecting GM is impracticable. Manning takes the case of a vessel of 10,000 tons
displacement with T = 15 seconds and GM = 3 feet. By moving 1,000 tons symmetrically away from

G by a mean distance of 10 feet to a mean distance of 20 feet increases k from 23.45 feet to 24.08

feet and increases T from 15 seconds to 15.40 seconds.

Therefore to increase T by any appreciable amount without involving movement of G is

impracticable.
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Rolling Period Test (Cont.)

Norrby has made an intensive study of rolling period formula, investigating in particular approaches
to the determination of the radius of gyration by Weiss, Kempf, Laurenson and Kato. He also
studied the influence of proximity of a vessel to a quay wall and to the bottom, on the value of radius

of gyration. In addition he explored the influence of deck load.

From this study, Norrby developed diagrams relating rolling period to draught for conditions of hold

and deck cargo. Further information is provided by the discussers of the paper.

A recent study of radius of gyration has been conducted by R.W. Peach on behalf of the US
Maritime Administration. He examined the actual values for 3 ship types, Ro/Ro, Lash and LNG,
using relevant information for every individual piece of structure, outfit and equipment, involving
between 20,000 and 40,000 items. He examined values traditionally used as well as considering

values appropriate to thin walled tubes.
Mr. Brook on behalf of British Maritime Technology presented his findings as a user of this fype of

information compared with Mr. Peach who was an analyst. Mr. Brook gave the results of a

sensitivity study involving errors in roll radii of gyration and their effect on roll response of ships.

While Norrby and others recommend determination of stability through roll motion at sea, it is not

considered that this is a practice to be recommended.

The October 1996 Naval Architect contains notice of a paper W8 (1996) for written discussion,

titled "Estimation of Vessel Stability at Sea Using Roll Motions Record".
The main uses for rolling period checks at sea should be at least twofold:

e to confirm GM determination made by KG calculation or moment calculation

e to determine a value for k for a known GM value

It does not seem reasonable to wait till the ship goes to sea to determine the GM value for the

loading condition applicable at the time.
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LIMITING KG CURVE

A widely preferred method of presenting simplified stability data is by means of a curve of limiting

KG plotted against draught or displacement.

Such a curve can be developed for the range of draughts from lightship to loaded using the IMO
criteria to develop curves of righting lever and raising the value of KG until the criteria are just met.

The KG values at each draught selected can then be plotted to form a limiting curve.

For safety, a free surface correction should be introduced into the KG values adopted and account

should be taken of the fact that IMO stability criteria are minima and that some ships have capsized

even where their stability was in excess of the IMO requirements (eg "Edith Terkol").

Additionally having regard to the tolerance in all values of KG so determined if allowance is made
for this then the curve of limiting KG should really be a band of limiting KG having a width

corresponding to the likely errors in the values.

Once the data has been assembled it should be plotted on a scale such as to give a diagram which can

be read and used easily.

The Curves of Maximum Permissible KG for a Ro/Ro ferry of some 31,000 Gross Tonnage measure
80 x 210 mm for one passenger condition and 140 x 220 mm for the other passenger condition.

After distortion in reproduction, these diagrams are difficult to use effectively.

If moment calculations are to be made by ship's personnel, then KG Curves can offer a satisfactory

method of stability control.
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