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The recent Sydrey to Hobart yvacht race in December 1998 has led to considerable debate in
both the yachting community and the general public in Australia. The loss of six lives, which
resulted from the ferocious ocean storms, has caused many concerned persons to question a
aumber of aspects of this event. In many ways, the nightmares of the well documented Fastnet
race in England in August, 1979, have been relived and one might wonder if any lessons have

been learnt during the intervening period.

From the perspective of UNSW and RINA, the objectives of the workshop include:

e Provide leadership on a subject of some importance;
o Provide a forum for the exchange of relevant ideas; and

o Make a contribution to maritime safety.

Tn this seminar, we will examine the various factors that might lie behind the recent
tragedies. Do we need to improve the design of the yachts themselves in order to enhance
their survivability in rough weather? Should the yachtspersons be required to undergo specific
training and certification before being permitted to participate in such an ocean race? Should the
yachts be equipped with better position-locating devices? Should we raise our ability to forecast
the likely weather patterns? Should the maritime safety authorities and the ship-classification

societies play an expanded role?

The Naval Architecture Course at The University of New South Wales is pleased to wel-
come to the campus professional naval architects, yacht sailors, and other interested persons in
order to participate in a discussion of this challenging subject at an all-day seminar, which is
being held in conjunction with the jubilee celebrations of UNSW and the reunion of graduates

of the School.

We would like to take this opportunity to express our gratitude to the many sources of
assistance, without which the planning of this event would not have proceeded so efficiently
and smoothly. The main organizations which assisted witk the matter of publicity included
the yachting associations in each of the states of Australia, yachting magazines, the daily press,
and television and radio stations. The considerable support of the committee members of The
Royal Institution of Naval Architects {Australian Division) and the Naval Architecture Course
at UNSW is much appreciated. This support consisted of both valuable suggestions and physical
effort. A number of other individuals also assisted us and we would like them to know by this

that their help is appreciated.
Further information about the workshop can be obtained from the undersigned.
Assoc. Prof. L.J. Doctors

Mr P.J. Helmore
Editors
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Can We Predict the Weather?
Mr Patrick Sullivan

Bureau of Meteorology

Darlinghurst
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" the next few days, & month ahead? Rather than answer the question directly I propose to explain the
fic practice that underpins the weather forecast and indicate its application to the forecasting of

winds and ocean waves, a component theme of this workshop.

title of this paper poses a challenging question. Is it referring to tomorrow’s weather, weather over

scientl

People through the ages have monitored the weather in the hope of gaining an understanding of how
today’s and yesterday’s weather might foreshadow that of tomaorrow, next week, next season and longer.
The knowledge that past generations gleaned about the weather and its likely bebaviour from observation
was often summarised in proverbs. For instance, "red sky at night, sailor's delight; red sky in morning,
eailors take wamning" is code for a weather forecast. We know today that this English sailing proverb has

- 2 sound scientific basis explained by the differential scattering by air molecules of the colours that make
gp white light. But its use in centuries past was not based in an understanding of atmospheric physics, just
its observed utility as an indicator of weather o come.

N b bhar Lk Ko o oy o b e

Modem meteorology might be said to have had its beginnings with the invention of the thermometer by
Galileo Galilei in 1607 and Evangelista Torricelli’s invention of the barometer in 1643. The ability to
measure and assign numbers to two important atiributes of the atmosphere was a necessary requirement
for rigorously defining and comparing weather both spatially and temporaily. However it would be
another two centuries before Samuel Morse’s invention of the telegraph enabled a synopsis of reported
weather over large areas to be composited in real time, This synopsis, now popularly described as the
weather map, is referred to by meteorologists as the mean sea level (msl) synoptic chart,

The analysis of weather data is the first
step in the forecast process. It is done
both manually by the meteorologist as
well as by the computer.

The data needed by the meteorologist
and the computer includes surface and
upper air measurement of pressure,
temperature, moisture and wind. The
surface measurements are taken by
people on land and at sea as well as by
automatic weather stations. The upper
air observations are taken by remote
sensors attached to balloons and also
deduced from measurements taken from
satellites, both geostationary (36 000 km
above the equator) and polar orbiting
(900 km altitude) satellites.

The computer analysis presents the data

In a regular grid array (Figure 1) on

numerous levels from the surface to the Figurel A schematic view of a course global
stratosphere. Computers require the data grid structure for computer modeling



this way as input to the prediction models.

The manual analysis depicts the areas of high and low pressure, the fronts that separate warmer and
colder air masses, and by implication, the winds. By studying a sequence of analyses, indications of a
strengthening or weakening of features, as well as their direction and speed of movement, is evident.
And, in some situations, a good first guess at the weather forecast for a few hours ahead, and sometimes
longer, can be deduced by simple extrapolation of features.

Although there is a perception amongst some that a weather forecast can be inferred from the ms! chart alone,
this is not so. The atmosphere is three dimensional and many clues to its future state are hidden in the skies
above. Patterns at the surface can be drastically changed in as little as 6-12 hours by complex interactions
high in the atmosphere. The developments that brought storm force winds to waters in and east of Bass Strait
on Sunday 27 December 1999 dramatically illustrate how rapidly weather patterns can change. Figurs 2
shows the genesis of a Jow at 3 am Sunday 27 December just north of Tasmania’s Northwest coast. Figure
3 shows the low fully developed east of Bass Strait just 12 hours later. Figure 4 is the satellite picture about
that time.

Atmospheric prediction requires not only a depiction of weather patterns at the surface, but additionally, the
fullest possible depiction of the distribution of winds, temperature and moisture through the total depth of
that part of the atmosphere in which precipitation and clouds are confined. This part of the atmosphere is
called the troposphere and extends to about 16 km 2t the equator and 9 km or so at the poles.

The area over which the analysis is performed depends on how far ahead we wish to predict. A prediction
for 24-48 hours ahead would start with a full description of the atmosphere at the surface and through the
troposphere over Australia and surrounding oceans: but for four or more days ahead, the analysis needs 1@
be global.

Once the analysis is completed, the next step is to formulate future states of the atmosphere 24 hours t0
several days ahead. For much of this century this was done solely by a qualitative approach using
conceptual models based in the laws of physics. However, over the past three or so decades, a
quantitative approach, facilitated by supercomputers and global communication, has been gradually
changing the way weather predictions are done. Computer models are now to the fore as the principal
influence behind the forecast. The meteorologist’s knowledge and experience are still important as a
reality check on the models, and the model output still needs to be fine tuned for local effects and smaller
scale influences; but increasingly, computer predictions have become the cornerstorie of modemn day
weather prediction.

oy e

The Bureau runs a global prediction model twice daily. Additionally, meteorologists in the Bureau
routinely refer to mode! predictions for the Australian region from the UK Meteorological Office, the
USA National Weather Service, and the European Centre for Medium Range Weather Forecasting
(ECMWF). These global predictions are valid out 1o seven days. A sequence of four charts for the
Australian region from the Bureau's global prediction is published daily in most metropolitan newspaper
across the country. These predictions, although broadscale, are usually a reasonably good indication of




Figure2  MSL Analysis 3 am 27-12-1998 MSL Analysis 3 pm 27-12- 1998

Figure 4  Satellite photo 3 pm 27-12-1998 Figure 5 MSL Prediction 3pm 27-12-98



the larger weather pattern, at least out to four or so days.

In addition to the global model, the Bureau models the atmosphere on a regional scale covering Ausua[ig;-
and on a much finer scale over southeast and southwest Australia. Finer scale models portray detail not :
presented by the global models. However the time frame of their prediction is limited. Currently the
finest scale model run operationally by the Bureau is 2 25 km resolution model. This provides a limited
area prediction out to 36 hours. Models with resolution down 1o 5 km are being run in research mode.

..?

A 30 hour prediction over southeast Australia by the 25 km resolution model, available early Saturday
afternoon, 26 December 1998, and valid for Sunday afternoon, is at Figure 5. The computer model run of,
which this prediction is part was the principal influence in the decision to issue a Storm Warning soon |
after 2 pm Saturday, for the following afternoon, in coastal waters south of Merimbula and east of
Wilsons Promontory.

Now let us return to the title of this paper: Can we predict the weather? As indicated in the opening
paragraph, the Bureau’s capability in this respect would take as an example the prediction of winds and
ocean waves.

When a meteorologist refers to wind, the reference is to a mean wind at 10 metres above the surface,

noting that they can vary the wind by up to 40% from its mean value. An example of a 24 hour wind
speed recording is at Figure 6. This is the wind speed recording for Sydney Airport for 7 August 1998, a
day of exceptionally strong winds {and heavy rain) in Sydney. Figure 6 illustrates the great variability in §
wind speed from moment to moment, and the impossibility of succinetly describing its every detail othctg
than in digital or graphical form. The international convention is to refer to the average wind over a ten B

minute period. Gusts are implied. ¥

Wind forecasts derived from computer predictions are found to be a good estimate of actual winds 2
provided the computer predictions themselves are an accurate representation of the weather patterns that |

predictions? This is best answered in terms of performance trends,

The trend in models’ performance can be assessed in Qualitative terms based on the day to day guidance ; %
they provide meteorologists forecasting the weather, Against this benchmark of performance, %
meteorologists would say that the models’ performance is good and improving,

A quantitative measure of the trend is also available and is presented in Figure 7. The skill score used i5 ‘@
one in which low values indjcate higher accuracy, Skill score graphs are included for the Bureau’s glob"]
model (GASP) as well as the global models of the United Kingdom Meteorological Office, the USA
National Weather Service and the European Centre for Medium Range Weather Forecasting.
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From the downward slope of the skill score graphs for each of the models, it is clear that the overall trend
is one of imprpvement and, over the past decade or so, improvement in skill is 25% or more for a 24 hour
prediction. As the model predictions have a significant influence on wind forecasts, it is a reasonable

conclusion that the meteorologists’ ability to forecast the wind has shown a commensurate improvement,

MSLP S1 SKILL SCORES +24HRS
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Figure 7 Model Performance 1984-1998

Wave height forecasts for both sea waves (waves generated in situ by the wind) and swell waves (waves
generated distant from the locality of intetest) is the significant wave height. This is the average height of
the highest one-third of the waves. It has been found to approximate the average height of the waves as
estimated by an experienced observer. The sea waves and swell waves interact in a complex way to
produce a combined significant wave height. Because the significant wave height is an average height,
waves both higher and lower than the significant wave height occur. It is estimated that in every 1000
waves, 2 wave up tol.86 times the significant wave height will be experienced. Thus for a significant
wave height of 7 metres with a period of 7.2 seconds, a wave of 13 metres can be expected every two
hours or so. Figure § is an example of wave rider buoy data recorded off the west coast of Tasmania. It
shows the relationship between significant wave height and maximum wave height, the latter at times
being virtually double the former.
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The computation of expected deep water wave height depends on three considerations - the wind speed,
the duration of the wind and the wind fetch. Understanding how wave heights depend on these three
parameters enables significant wave heights to be calculated either by use of computing algorithms
utilising the wind fields output by the models, or by reference to nomograms which combine the three
effects. Users must then be cognisant that wave heights will vary significantly about this value due to 2
complex interaction between different wave train 5, both sea and swell, and the surface ocean current,

The accuracy of the wave height forecast is very much dependent on the accuracy of the wind forecast
and an understanding of the way in which winds, waves and currents interact. It seems reasonable to
assume that higher accuracy with respect to wind forecasts must inevitably be improving our ability to
more accurately forecast significant wave height.

It can fairly be said that with respect to winds and ocean waves in particular, and the weather generally,
the steady increase in the accuracy of computer model predictions of the atmosphere, on scajes ranging
from global to local, inevitably feeds into the forecast process in such a way that forecasts of winds and
waves, and weather, are also achieving higher standards of accuracy.

In conclusion, it must be said that the question which is the title of this paper has not been answered
explicitly. Yes, we can predict the weather but the claim cannot be made without qualification. There wil]
always be a requirement for information on future states of the weather just beyond whatever our
capability is at any particular time. If we predict the weather accurately to four days, then people ask what
about the fifth, sixth, seventh day? Next week? Next month? And so on. The challenge of forecasting the
weather is unending,
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What is Wrong with Modern Ocean-Racing Yachts?
Mr Warwick Hood

Naval Architect
Blackheath

“I am sensible that this Tractate may likely incur the Censure of a superfluous piece, and myself

the Blame of giving the Reader unnecessary Trouble, there having been so much so well written of
- 1

this subject by the most learned men of our Time.”

Introduction

This paper is dedicated to the life and work of Jim Lawler. Jim was widely Joved amongst the vachting
fraternity of Sydney and to those of us practising naval architects. much admired for his professionalism
as a surveyor for American Bureau of Shipping.

In this paper I attempt. not only to describe what I perceive as the problems of modem ocean racing
vacht design and construction, but also to suggest ways of dealing with these problems In my view, it is
important that a Symposium such as this one be able to present a body of ideas to the ocean racing
clubs in the hope that bencficial changes can be made. If vachtsmen themselves do not act to Improve
the safety of their sport. the authorities will act to either ban or control it. I cannot imagine what vacht
racing controtled by AMSA would be like.

About 40 vears ago, a well-known Sydney vachtsman, Ron Robertson, was washed out of the cockpit of
the big vacht, “Kurrewa [V™, just afier the vacht had entered the Heads. His body was never recovered.
The Cruising Yacht Club of Australia immediately established a safetv committee of which my then
cmplover, Alan Payne, was a member. This committee developed a set of safety rules about life rafts
and Jackets, guard rails and hamesses. 2 way radios and first aid kits, flares and so on. These rules were
adopted amidst howls of rags, by the Club.

Yachtsmen everywhere complained that the cost of all this new equipment would see the end of ocean
racing. CYCA persisted, fortunately. and also persuaded the much larger, stronger and influential clus
in USA and Britain to adopt its rules. Se. it’s not 1mpossible to have an international influence.

A journalist, Bob Mills, speculating on why men and women deliberately participate in the Svdney to
Hobart race. knowing of the very real dangers said:

“The reason is thar this race is a spectacular experience. sublime in the fairest of weathers and
genuinely challenging in the foulest. ” And went on: _

“For the crew. this race is one of the few and precious opportunities that fairly ordinary people ever
get 10 commil themselves 1o a genuine adveniure.

Simply describing what s wrong with modem ocean racing vachts would mean missing an opportunity
to help to ensurc that that spectacular eXperience can continug to be available, in greater safety and
without official interforence.

Mills again wrote. “Tnevitably the tragedy of loss of life and the dangers and cost necessarily

associaied with the massive rescue operation will raise questions abowt the future of the race. '.
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We must improve the boats and equipment ourselves to prevent tighter controls and to allow the great
racc to continue with much improved safety.

I don't accept that the race’s weather or sca state should be taken as unusual. In an appendix to the
book “Heavy Weather Sailing™, Laurence Draper of the British National Institute of Oceanography
describes how very large waves may suddeniy occur out of a nomal ocean wave system.” Even given
the very rapid deterioration of the weather in the last Hobart race, well designed. built and maintained
vachts should be able to stop racing and seek shelter or stop racing and heave to or stop racing and sait
slowly away from 1t.

On 14" May 1873. Mr Samuel Plimsoll moved the second reading of his Shipping Survev bill, number
43 of 1873 in the House of Commons. As background he said. “Briefly, the facts were these - 2,700
odd lives were every year lost by shipwrecks. ™

Eventuallv, after lengthy debate, Plimsoll’s bill which basically proposed the application of a Joad line
to every ship to help prevent overloading, fatled to pass the vote by a2 margin of 173 to 170, the main
argument against being that 2 Royal Commission on the same matter was then in progress.

My paper today may be viewed in the same light; that is, an enquiry into the last Hobart race is still in
progress by the Cruising Yacht Club and a coronial enquiry is yet to commence.

I am not prepared, however, to wait as the Hobart race is held annually and the next one is onlv 8
months away. It might be claimed that last vear's storm was a very, very rare event but it can happen
any time again and even during the next race.

So What’s Wrong?

In my opinion, the major problems arc:

a) The curvently used Intemational Measuring Svstem (IMS) is just that and contains no or very fow
design standards. Almost any vacht can be measured and provided with an IMS rating. Provided that
a vacht has the requisite safety equipment, it is then considered to be suitable for ocean racing
anywhere.

b) In the quest for the highest possibie speed. current IMS tvpe vachts have very low displacement. long
narrow keels and rudders and very tall rigs.

¢) Yachts are built of fibre reinforced plastics having high strength to weight and high stiffness to
weight reinforcement such as carbon fibre.

d) Yachts are not surveyed every few years by a competent person to ensurc that huil. rig and
cquipment are being maintained in a scaworthy condition.

A fow weeks ago. on the hardstand at a Svdney vacht club, 1 saw a typical IMS vacht designed by a
well known designer. Figure 1 shows, roughly. its profile. The undenwvater profile is a shallow curve
meeting the nearly vertical stem at practically zero draft forward. The very short stem overhang meets
the steeply forward sloping transom, “de rigeur” on this type of vacht. The very high topsides rake out
towards the aft cnd so as to position the crew mass as far outboard as possibie. The tiny cabin house is
Just big enough to meet IMS accommodation regulations.

14




The cockpit, just a trench in the deck, has no coamings. There 1s no protection for the crew. I have been
advised that the crew members are expected to spend all their time on the rail as the performance falls

off significantly without them so located.

Figure 1

This vacht, like others of its type, is provided with a very tall, fragile-looking ng. The standing rigging
1s solid rod stainless steel with swaged terminals, running rigging and jib and main sheets are of small
drameter, high strength, low stretch symthetic fibre.

This vacht is obviously very fast up and down wind and would probably plane down wind in the right
conditions with a crew of “feel no fear™ chaps on board. Great fun in 30 milers off Svdney but hardiy
suitable for Svdney to Hobart races.

Any statical stability analvsis of this type of vacht which ignores the effect of crew mass on the rail is
worthless because the righting lever GZ can have a value greater than zero at 0 degrees heel. This
ncrease in the righting lever continues until that heel angle at which the crew fall off the rail - probably
at about 90 degrees.

These high freeboard light displacement vachts have a huge ratio of reserve buovancy to displacement
and this ensurcs that they wili float over just about any wave and will receive the maximum breaking
wave impact. Anv very high wave has also a very deep trough so while it’s a long way up and if a vacht
15 still moving at the top, it’s a long way to fall to the bottom. Impacts on the sides and the bottom arc
very severe. Professor Peter Joubert has shown that the impact loads are much greater than the scantling
rules allow for and designers believe possible.

There 1s currently no satisfactory structural assessment made for new IMS vachts. In the past. the
Amencan Burcau of Shipping provided a structural check of the construction plans for new vachts but
did not supervise the construction. This service has not been available for several vears so vachts are
ncw built without structural approval.

To achicve the lightness and stiffness desired. vachts arc often built of carbon fibre composite
construction. Inner and outer carbon fibre/resin skins are laid up over some sort of core material. This
may be end-grain balsa or a man made honevcomb material. This writer considers thart thesc so-called
high modulus materials arc unsuitable for building ocean racing vachts because the work of fracture is
too tow. There 1s nearly unlimited energy available in a stormy sea to break a vacht so the work of
fracturc and not just high specific stiffness 15 an important attribute of the material from which it is
constructed.



The elongation of carbon fibre at fracture is about 1 's%. A comparison of the stress/strain diagrams of
mild steel and carbon fibre is shown in Figure 2. The work of fracture is represented by the area under

the stress/strain line.
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Figure 2

Designers discovered, some time ago, the importance of building the ends (bow and stern}) of vachts as
lightly as possible. Rudder stocks are now often fabricated in a complex fashion from carbon
fibre/resin. This saves a little weight compared to, say, stainless steel. The number of broken rudders
continucs to rise but in spite of that, some designers continue to specify unsuitable materials such as
carbon fibre. 1t is possible to build highly successful structures from carben fibre. These are known as

aeroplanes.

While vachts may be built to good designs and under supervision, by highly skilled builders in good
premises, after they are sold they are probably ncver again subject to anv kind of expert inspection.
Stmilarly, older boats are only ever inspected at the time of sale to a new owner and this inspection can

vary from a very thorough one to merely superficial.

When vachts were built of thoroughly reliable materials such as wood and steel and the rigging was of
galvanised steel and natural fibres, the condition did not deteriorate as rapidly with age as the latest high
performance matenials. For example - galvamsed steel wire rigging was provided with hand made eve
splice terminals, easily inspected for condition. Stainless steel. on the other hand, beside being
susceptible to stress corrosion cracking, is usually used in the form of rods with swaged on terminals,

nearly impossible 1o assess for condition.

What Is To Be Done?

Having described the problems of modern ocean racing vachts, it is then necessary to attempt to
prescribe a remedy.

The remedy proposed 1s 1o provide a designing rule which can incorporate those factors leading to
scaworthingss,
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But it is first necessary to take a step backwards and review recent past ocean yacht rating rules.

RORC Rule

This rule was developed by the RORC and was used for the Fastnet race and other tough races in the
English Channel. It is an interesting rule in that the two parts attempt a balance between hght and heavy
displacement. It also attempted to provide a bonus for heavy construction by including a ““Scantling
Allowance™, This allowance bad the effect, in my experience, of designers and builders fitting large
useless stringers around the topsides. There were other aberrations.

Neither displacement nor stability were directly measured, NBD in the first part of the rating formula
was considcred 1o be sufficiently representative of displacement and the stability allowance captured all
sorts of things such as the scantling allowance, the engine weight, shallow draft, iron keel and so on.

The complcte formula was

0.15L + /S

R “VBxD 4+ 0.2(L + v/§) 4 Stab. Allowance — Prop. Allow. + Draft Penaity (1)

with the factors L. meaning length, B meaning beam. D meamng depth and S sail area. The calculation
of some of these factors was difficult before electronic computers and minor changes in trim could lead
to large changes in rating.

CCA Rule

The Cruising Club of America’s rule

R = 095(L+B=x D% Dyt 54 F—TI)x BalR x Prop. - (2)

was a good rule as 1t set standards for various factors in its formula and then provided bonuses or
penalties for variations from the standards. The effect in the individual factors is shown in the table

below:. /

Factor Symbol Large Small
Beam B "Credit Penalry
Draft D Penalty Credit
Displacement T Dy Credit Penalty
Sail area Sa Penalty Credit
Freeboard F Credit Penaley
Iron keel cradit I Credit for boats having iron

keel instead of lead keel
Ballast ratio BalR. Penalty | Credit
Propeller factor : Prop. More credit for large propeller,
less for srmall

Table 1
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The base displacement was such that a yacht having no penalty or credit had sufficient displacement to
permit strong construction from conventional materials like wood or steel and enough ballast to give

sood stability with the beanvlength ratio which was common.

The actual displacement and the ballast ratio were certified by designer or builder.

1OR Rule (Marks I-11I})

In an attempt to provide a handicapping rule which would be used on each side of the Atlantic a new
rule, to some extent combining factosfrom each of the above rules was formulated. It went, very
quicklv, through vanous modifications but was never anything other than a compromise and produced
truly awful yachts.

IMS

It was disenchantment with JOR Mk IH yachts that produced IMS. This is not a design rule at all but
simply a measurement system. The rating produced by this system is a quite accurate representation of
a given yacht's speed. In the absence of restrictions, vachts have developed much as they did for a
period about 100 years ago. The lines of Herreshoff' s “Wenonah™ of 1892, reproduced below, show a
type not much different in basic concept from many new vachts of today, developed since the arrival of
IMS.

Wenonah [N. Herreshoff, 1892}

Figure 3

LO0 vears ago. vachts of the “Wenonah™ tyvpe were called ~skimming dishes™ and it was said that thew
were hght. fast - especially to windward- and danecrous to sail.

The remedy proposed is a new vacht designing rule for serious. long distance occan racing having the
rating formula:
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= 1
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wherc L= lcngth
S = sail arca
F = freeboard

B = beam coefficient

d = draft coefficient

D =displacement cocfficient

A = bow overhang coefficient

H = underwater profile coefficient
C = stem overhang coefficient

K = iron keel coefficient

Pf = propelicr factor

All of the above except Pf are in linear units.
Observe the dotted box containing

L+4$
7

This is nothing other than the New York Yacht Club “linear rater” rule of the 1890s. This rule has been
used carly in this century on Svdney Harbour, a typical 30 rater, being about 30 feet on the waterline
and having 900 square feet of measured sail area and hence

30 + V900 =30
2

This maie was. of course, easily corrupted and a typical 30 rater was 60 feet long overall and extremely
lightly built. About 40 vears ago I was told by a then quite old member of Roval Sydney Yacht
Squadron that the wealthv who sailed this class had a new yacht every season because after 1 scason’s
racing, the long ends drooped. the hull hogged and L became much greater than when the vacht was
launched.

All of the other factors in this proposed new rule but especialty D will overcome the above problem. In
addition to the rating formula a regulation will include a static stability requirement.

The exssting instructions to measures can be used to obtain a sail area: a lines plan will vield B, d. A, H
and C;and a designer’s and/or builder’s declaration will vield the displacement, L and F may be
mcasurcd from the vacht in a specified condition.

Yachts built to this proposed rule can, of course. go through the IMS process as the IMS can rate
almost any yacht. There 1s no problem with IMS as a measuring syvstem but in the absence of design
standards it is producing bad vachts.

It's all very well to have a new designing rule but the problems described above will not go away unless

there 1s also an appropriate structural design rule. The development and administration - ig.plan
approval and survey during construction. will be time consuming and expensive.
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As a starting point, the light craft rules of the various ship classification societies might be used. This
shows some promisc, it is believed, because the proposed new rule ensures that the base displacement s
sufficient to allow strong construction in standard materials as well as enough ballast. The penalty for
fess than the base displacement will be large.

Conclusion

Now it remains to the proponents of this new rule to get it into a final workable form together with the
assoctated arrangements and then to interest a yacht club or clubs to run races for vachts rated in
accordance with the rule or specially built to it. This will not be an easy task as there is a very
substannial investment in the existing situation. There may be. however, a powerful ally in the insurance

industry which must be hurting from its involvement in yacht insurance and the expensive consequences.
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 INTRODUCTION

The 1998 Sydney to Hobart yacht race was uuly a
tragic event for the sport of offshore yacht racing.
Sporting endeavours, especially those where man is
piaed against the elements of namre, are potentially
dangerous. It is the job of those providing the

+ equipment and those involved in setting out the rules

1o do all that is possible to reduce that level of risk.
Studying and learning from a tragic event such as the

' Sydney to Hobart race just past forms an integral part

of the process of reducing that risk.

In the process of studying and learning from an event

- jt is vitally important to do so in the framework of

the facts in regard to the boats involved and the events
that took place. In the months following last year's
wagedy there hias been considerable crticism of the
modern ocean racing fleet, almost all of which has
been without any reference to the facts. Most all of
this criticism has focused on twe issues; light
displacement boats that dominate the present racing
fleet, and the Jevel of stability of these boats. Itis a
shame that so much energy has been spent on two
arguments neither of which shows any merit in light
of the facts of the event. This is highlighted by the

- koockdown and sinking of the Winston Churchill,
. which lead to perhaps the greatest wagedy of the event;

the Winston Churchill was one of the oldest and
~ beaviest boats in the fleet.

The facts of the event indicate other areas of concern.
Based on first hand interviews of those involved in the
rxce, in particular the owners and crews of the 12
Murray, Burns & Dovell designed boats participating,
and from what has been published to date on the
incident, all considered in the frame work of the design
parameters of the boats involved, the main lessons 1o
be lzarned are:

‘Deck structural scantlings need to be increased to

reflect the dynamics associated with a severe
knockdown.

] . .
Personal harness need 1o be reviewed both in terms
of desizn and use,
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© Life rafts also need to be reviewed both in terms of
design and use.

© The race category and general safety standards applied
to the Sydney to Hobart race need to be re-
evaluated,

In this review I will limit myself to those safety
issues, indicated by fact or implicated by “expents™,
that pertain to design of the boats, namely stucrural
integrity, stability, and the issue of relative lightness
of modern boats.

THE RULES AND REGULATIONS OF
THE SYDNEY TO HOBART YACHT
RACE.

The Cruising Yacht Club of Australia rups the
Sydney to Hobart Yacht Race, (SHYR), in accordance
with the Australian Yachting Federation’s Racing
Rules of Sailing for 1997 - 2000. Associated relevant
documents include:

¢ Notice of Race

¢ Race Instructions

® AYF Special Regulations

® The International Measurement Rule
¢ The Channel Handicap Rule

Of these the most pertinent to safety issues is the
AYF Special Regulations. The IMS rule also plays a
very important support role in that it provides
objectively determined design parameters referred to in
the Special Regulations.

The International Measurement System

The IMS or International Measurement System,
originally drafted in the late 1970's, has been the
dominant format for offshore yacht racing world wide
for the past 10 vears or se. The IMS rule undenakes
10 assess a yacht's speed potential based on a massive
array of design parameters including length, beam,
displacement, righting moment, sail area, etc. Each
and every boat racing under the IMS must be subject
10 a lings lift, done on shore and termed the “hull




measurement”, and a flotation and righting moment
test, wrmed the “in water measurement”, It is no
doubt a complicated system, and the sailors will argue
about its faimess until they win a race, Faimess
aside, one of the outstanding features of the IMS rule
is that it provides race organisers with an accurate and
objectively determined set of design parameters from
which a yacht’s general safety levels can be assessed
in accordance with the well established standards set
down by the ORC in its special regulations (discussed
in the next section of this report). In particular the
values of displacement, righting moment, and the
limit of positive stability are accurately determined as
pait of the IMS measuring process - critical
parameters in determining the seaworthiness of a
yacht.

No other racing rule past or present includes this
scientific, and objective assessment of stability. Any
rule that is to be seriously considered as a replacement
for the IMS rule must incorporate this feature.

It is of note that the 60’ yachts raced singlehandedly
around the world are assessed in terms of stability by
designer's declaration. Given the frequency with
which these yachts invert and remain inverted,
highlights the importance of an accurate and objective
assessment of stabilizy,

The AYF Special Regulations

These regulations are based on the Offshore Racing
Council’s Special Regulations and set forth standards
for structural features, general yacht safety equipment,
and personal safety equipment. Eight categories of
race types are defined according to the level of
exposure to weather and proximity to shore. The
SHYR is specified by the CYCA as a Category 1
event, which is defined as follows: '

“Category 1:  Races of long distance and well
offshore, where boats must be self-sufficient for
extended periods of time, capable of withstanding
heavy storms and prepared 1o meet serious
emergencies without the expectation of outside
assistance.”

Stability Standards

For a Category 1 event the ORC Special Regulations
specify the competing yachts are required t¢ have a
limit of positive stability greater than 115°. The
CYCA’s Notice of Race modifies this requirement
with a grandfathering clause that exempts yachts that
have competed in a previcus Sydney 1o Hobart to have
an LPS of 110°,
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It is of note that the stability requirements specified in
the ORC Special Regulations are the result of
ongoing study of the subject of intact stability and
have been put in place as a direct result of the research
done on the matter in response to the 1979 Fastnet
Race wagedy. This research has proven a very strong
correlation between the Limit of Positive Stability
and the amount of time a yacht can expect to remain
inverted if rolled. This work is based on tank testing
experiments and has been verified with experience. A
review of this work is presented in Jan O. de Kat's
paper “Causes of Yacht Capsizing in Heavy Seas”
presented as part of this workshop. It is of note thar
the boats rolled in the 1998 Sydney to Hobar race
also behaved as predicted by this research,

Structural Standards

For Category 1 and 2 events the AYF Special
Regulations specify that yachts are to be built to
plans approved by the American Bureau of Shipping,
(ABS), Guide to Buildirg and Classing Offshore
Boats,

Subsequent to the publication of the AYF's 1997 -
2000 Rules of Sailing, (in which the Special
Regulations are contained as an Addendum), The ABS
stopped providing the service of plan approval for
offshore boats. The ORC are presently awaiting the
publication of a new stmuctural standard being drafted
by the International Standards Organisation which will
be adopted on its release as the new structural standard
for offshore racing yachts. The interim policy is that
a yacht’s designer must file a letter with the AYF that
the yacht in question has been designed in accordance
with the ABS Guide.

It is my opinion as a professional yacht designer that
this status of self evaluation is a dangerous situation
as the ABS Guide, (like any regulation), is subject to
interpretation, and therefore needs 1o be administered
by an independent body. In addition as time goes on
yacht design continues 1o develop, while the structural
rules remain stagnant; the result is that the rules are
quickly becoming outdated. I encourage the ORC to
move on this issue as a matter of urgency.

THE EVENT AND THE DAMAGE

I will in this section focus on the design aspects of
what happened to the fleet during the severe weather of
the event, including structural integrity, stability, and
displacement to length ratio, (a measure of a vacht’s
relative lightness)
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First I think it is important 10 point out that the
damage to the boats themselves was limited
considering the conditions; this fact is pointed out
clearly by the Chief Executive Officer of Club
Marine in his editorial column of the January 1999
issue of the company magazine, Club Marine
Magazine:

“Final figures are still not available, and won't be
until the CYCA finalises its inquiry, but in my
opinion the criticism of the yacht designers and the
mast manufacturers is also not justified. The often
guoted 1984 event saw 69% of the starters retire,
whilst in 1998, 65% retired. Very similar figures,
but afier analysis, it is shown that 26% of
retirements in 1984 were as a direct result of rig
failures. So far for 1998, the failure of rigs is
around 10%. In 1984, 16% withdrew due to hull
failure. Once again, so far tor 1998 this figure is
looking to be around 5%,

So at this stage, it would appear that the biggest
cause for boat withdrawal was sound seamanship
and not inadequate hull design or construction. In
fact, I am of the belief that the fleet which started
the race on Boxing Day, was probably one of the
best prepared fleets 1o ever compete in the event.”

All of the facts surrounding the various incidents are
still not all at hand, but based on what information I
have been able to collect first hand through interviews
and from what has been published to date, the
following is a brief summary of the boats rolled and
or severely knocked down.

Six yachts were rolled to or past 180 deg after being
hit by exweme breaking waves, These yachts were:

Y. Business Post Naiad
1984 40’ IOR racing yacht
Twice rolied through 360°, remaining
inverted for approx 4 min. during the second
roll. Dismasted during the first roll.

2. VC Offshore Stand Aside
1990 41" NZ built light displacement racer
Rolied 360°, dismasted, severe deck damage

3. Sword of Orion
1993 42* custom built IMS racing yacht
Rolled, dismasted, severe deck damage

4. Midnight Special
1995 42° IMS cruiser f racer
Twice rolled through 360°
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5. B52
1994 41" IMS cruiser / racer
Rolled 10 180°, remained inverted for approx.
4 minutes, then righted iwmself. Dismasted
with significant deck damage.

6. Loki
1997 44’ Swan built performance cruiser
Rolled to 180°

Several other boats were severely knocked down by
similar waves, these boats include;

1. Winston Churchiil
1942 racing yacht
Severe knockdown resulting in hull damage
that eventually sank the boat.

2. Kinngurra
1972 built  Joubert
displacement racing yacht.
Severe knockdown. Significant deck and deck
equipment damage

designed  heavy

3, Solo Globe Challenger
1970 43* heavy displacement yacht

4. Team Jaguar
1989 65’ medium displacement IMS cruiser /
racer
Near pitchpoled after dismasting.
deck damage

Severe

5. Miintinia
1976 42" heavy displacement cruising yacht

This list is lacking in detail and is likely far from
complete. It will take some time still for all of the
facts of the various incidences to come out, certainly
much more will be known when the CYCA publishes
its report on the event.

FLEET FACTS AND FIGURES

115 yachts started the 1998 Sydney to Hobart Race.

57 were entered in the IMS diviston, 12 in the CHS
division, and the remaining 46 were entered in the
PHREF division.

This study focuses on the IMS division as this is
where the greatest number of yachts compete and is
the division with the greatest percentage of modem
yachts, about which the most is known due to the
nature of the IMS rule as outlined above. Where
available, boats entered in the CHS or PHRF division
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have been included in this study if they also held a
valid IMS certificate at the time of the race. Only one
of the boats that was knocked down has been left out
of this data set as no IMS certificate was available for
this boat, that boat was Miintinta,

Every boat racing in the IMS division is required to
have an IMS certificate, these documents are publicly
available. A typical IMS certificate is presented in
Table 1. An IMS certificate contains an abundance of
information about a yacht both in terms of its design
parameters, and its rating data for every wind direction
and strength. Hidden amongst all of this is the
yacht's length, displacement, and limit of positive
stability; these values are highlighted in the example
given in Table 1. Table 2 is a summary table of the
design parameters pertinent 1o safety as taken from
each of the participating yacht’s certificate.

The relative lightness or heaviness of a yacht is best
defined by its displacement to length ratio. This is
typically calculated as displacement in cubic metres
divided by length cubed and multiplied by 1000 to
make the nurnber of reasonable magnitude, The value
of length used in this study is an average of the IMS
calculated length and length overall. Chart 1 is a
graph of displacement 1o length as a function of
length for the entire SHYR fieet, Typical values for
purpose built racing yachts designed in the last 5 years
are indicated and form a cluster in the fower third of
the graph indicating that these yachs are indeed lighter
than their predecessors. Older yachts and heavier
displacement cruising yachts have higher displacement
[ length values, a few noteworthy examples are
pointed out. Those yachts that reporied being rolled
and those that were severely knocked down have been
individually identified,

Chart 2 is a graph of the limit of positive stability as
a function of length for the fleet, and again those
yachts that were rolled or severely knocked down are
noied. A cross section of the modem racing boats
have been pointed out; several examples of older
heavier designs have been hi ghlighted as well. Unlike
the trend shown in Chart I for the modern beats to
show as a cluster, in the case of the limit of positive
stability the modern boats are scagered fairly evenly
through the fleet,

CONCLUSIONS
Light vs. Heavy Displacement
From Chart 1 it is clear that there is no correlation

between a  yachr's relative lightness and s
susceptibility 1o being rolled or severely knocked
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down in extreme conditions. In fact the boats rolied -

or severely knocked down have displacement 10 length

i

ratios scatiered right across the range of this variable ;

from the extreme of light to the extreme of heavy,

Stability

From Chart 2 it is clear that there is no correlation 3

between a yachis positive limit of stability and jis

susceptibility to being rolled or severely knocked |

down in extreme conditions.

It is noteworthy that the time spent inverted by each
of the yachts rolled was in line with the

correlation 3
- established by USYRU in 1989, and none of the boats

report being kept upside down for mere that 4 .

minutes, which is the expected value for 2 yacht with
a limit of positive stability of 115deg.

the two graphs of displacement to length and limit of -

positive stability is that most of the rouble was
experienced by boats between 11 and 13m in length.
I would suggest that this is dye primarily to the

weather pattern, which hit this part of the fieet }

hardest.
Structure

Of all of the yachis rolled, all report being violenily
thrown down, rather than rolled, and in some cases
yachtsmen report a sustained feeling of free-falling a
significant distance before impacting on the topsides
or deck. All of these yachts sustained some level of

deck damage, and in the case of VC Offshore Stand -

Aside and Sword of Orion, the deck damage appears to
be the primary reason for requiring rescue as the
yachts were in jmminent danger of being swamped.
Even Kinngurra, one of the heaviest boats in the fleet,
and probably one of the most stoutly built, reported
deck damage from being thrown by a breaking sea

Clearly deck structures built to the present structural
standard, The American Bureau of Shipping's Guide to
Building and Classing Offshore Boats, are not strong
enough to handle the extreme conditions encountered

by this fleet. The design pressutes for deck panels

specified by ABS for the boats in question is approx.
2.5m of head. Clearly this is not a high enough
design pressure in light of the violent slamming loads
experienced by these decks.

RECOMMENDATIONS

It is apparent that when subject to hurricane Jevel
weather such as that encountered in the recent SHYR,
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chts are going to occasionally encounter massively
yawerﬁxl breaking waves, waves significantly larger

than those in the adjacent wave field. When this
Bappens: it matters not what the design par_amct_ers of

¢ yacht are, it will likely be thrown on 1its 51.de or
deck- Accepting this fact and working around it is the
Kkey 1O surviving such conditions. Having accepted
this, the focus of work must turn 1o structural
integrity, gettng the boat back upright within an
acoeptable amount of time, and to keeping the crew
safely aboard the yachis.

1 have not discussed the matier of personal safety gear
in this Teview, nor have I discussed liferafts, but it is
clear from the incident reports that personal hamesses
and life raft design and use need review. I understand
that this work is already under way.

One of the most important considerations that must
pe kept in mind in directing the efforts in the foliow
on studies is that resources for yacht research are very
timited. It is therefore important to identify the topics
of research that will yield the greatest improvements
in yachting safety for the given effort and expenditure.
Below is a prioritised list of design issues that impact
on safety that 1 would put forward as a useful course
of action given the recent SHYR experience:

1. The ORC must resolve the issue of structural
standards for offshore racing yachts as soon as
possible.

2. Whatever classification society is selected for this
job, an immediate review of the design pressures
specified for deck structures needs to be undertaken to
account for the significant difference between the
present design heads and the significant slamming
foads experienced by the decks in the 1998 SHYR.

3. Given the fairly high probability of severe weather
on the SHYR course, consideration should be given to
increasing the category of the race to Category 0, or
perhaps adapting parts of that classification.

4. Given the close correlation between a yacht's limit
of positive stability and the amount of time 1t will
remain inveried before being righted, there is Ilittle
impetus to take this research any further. It may
however be useful to study the implications of the
amount of time a vacht is inverted once rolied in
terms of its ability to remain self sufficient once back
upright. This study may have bearing on the limit of
positive stability set for furure Sydney to Hobart
Yacht Races,
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Table 1

1998 Sydpey to Hobart Fleet Data Pertaining to Safety

27

Boat Name LOA ! IMSTL" ! Length 'Displacementl Dispi/L | LPS
- i {metres) (metres) | (metres} | (kilograms) {degrees)
Zeus 1] 9.254 7.619 ! 8.437 4134 6.717 120.4
Bin Rouge 9.500 8.731 | 9.116 2588 3.333 116.2
Boomaroo Morse Fans 10.089 7.886 £.988 5683 7.637 132.6
Misty 10.089 7.925 9.007 5821 7.772 130.3
Morming Tide 10.089 7.813 8.951 5394 7.338 132
Solandra 10,140 7.851 8.996 4901 6.569 130.3
Forzado 10.345 9.373 9.859 4456 4.537 117.1
Not Negotiable 10.465 8.492 2.479 5582 £.395 119.1
Southerly 10.575 8.291 9.433 7239 B.414 136
Speakeasy 11.010 9.623 10.317 5264 4.677 117.2
Chutzpah 11.051 9,933 ! 10,492 3750 3.168 121.6
Canon Maris 11.150 8.241 9.696 8154 8.728 130.2
Trust Bank Hummingbird 11.370 9.347 10.359 5772 5.067 115.4
Pippin | 11.400 9.450 10.425 6001 5.167 115.3
King Billy 11.500 9.088 10.744 7547 5.937 118.7
New Morming II 1 11.620 10.524 11.072 | 6293 4.523 116.8
Veto 11.720 9.058 10.389 | 6965 6.060 122.2
Komatsu Riune Lady 11.740 10.360 11.050 5014 6.518 114.5
Mark Twain 11.774 9.337 10.556 8554 7.096 128
Assassin 12.150 11,227 11.689 5948 3.634 122
Midnight Special 12.170 11.856 11.613 5262 3.278 123.5
Rapscallion 12.172 11.417 11,795 5301 3.152 119.9
Red jacket 12.200 12.133 12.167 5778 3.130 127.3
Aurora i 12,237 10.10] 11.169 | 6295 4.408 115.1
Inper Circle L 12.237 10.007 11,122 5806 4,117 116.3
Hy Flyer P 12.391 11.265 11.828 5562 3.279 ! 1242
Ocean Designs | 12.460 11.472 11.966 6412 3.651 | 121.6
Hawke 5 | 12.470 11.136 11.803 5298 3.143 |  115.1
Sledgehammer 12.470 11.108 ! 1].789 5229 3.114 114.7
Terra Firma 12.512 11.076 11.794 5826 3.465 117.4
Renegade 12.600 10.767 11.684 7992 4.889 119.8
She's Apples Two 12.730 11.101 11.9i6 9124 5.262 115 .4
Secret Mens Business 12.750 1£.245 11.998 5601 3.164 119}
B-52 12,765 11.516 | 12.141 6694 3.650 119
Mercedes IV 12,771 10.582 11.677 8981 5.504 122.2
Magleri Wines ! 12,800 11.364 12.082 6384 3.531 132
Tilting_at Windmills i 12.825 10.888 11.857 8651 5.064 125.3
Atara | 13,000 | 11.5]14 12.257 6027 3.193 118.5
Valheru i 13.655 | 12.193 12.624 6637 3.219 124.6
Wild Oats 13.115 | 10.619 11.867 7119 4.156 115.7
Kirgurra 13,117 | 10.89% 12.008 12465 7.024 125.4
Polaris 13,245 10.611 11.928 9781 5.623 127.9
Ruff n Tumble 13.245 10.404 11.825 | o9p4p 5.33% 139
Bacardi 13.341 11.23] 12286 | 11339 5.965 118
Lokj 13.380 11.380 12,380 11331 5.826 114.8
Sword of Orion 12.550 12.086 12.818 7071 3.276 128.8
[Quest 14.210 12.378 | 13.294 i 8180 3.397 128.1
Mirrabooka P 14.240 | 11.672 | 12.956 11554 5.183 | 122
Ninety Seven | 14285 | 12366 . 13.326 7545 3.111 0 112.79
ABN AMRO Challenge | 14,290 | 12.782 | 13.336 | £304 3.267 i 1239
Ausmajd i 14472 | 12,631 | 13.552 | 7524 2,950 | 135.4
Margaret Rintoul I [ _14.780 | 11.942 | 13.361 : 16979 6.945 | 137.7
Cyclone {15200 | 12.532 1 13.866 ! 9335 3.416 127.1
Ragamuffin * 15500 | 13.630  14.565 | 9564 3.020 136
Winston Churchill | 15.500 | 13.657 | 14.279 | 21415 7.177 123.6
Yendys ‘ 15.760 i 14.176 | 14.968 | 14526 4,226 106.2_ |
Antipodes - Aust | 17.000 ' 14.872 1 15.936 | 25939 6.253 119.8
ISydney {18150 | 16.577 ! 17.364 | 16807 3.132 130.7
Team Jaguar | _19.720 : 16.929 | 18.325 | 15389 2.440 | 123.6 |
Wild Thine | 21.246 i 19.118 | 20.182 ; 18782 2,170 119
Brindabella [ 22.8B50 © 20.117 | 21484 : 23259 2.289 1 1333
Table 2
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Yacht Stability and Seaworthiness
Mr Christopher Murman

Floating Point Designz

Mosman

Nomenclature

= Mass displacement
= Volume of displacement
= Angle of heel

= Centre of Buoyancy

= The maximum width of the vessel

= The maximum width of the vessel at the watetline
= The distance from the centre of buoyancy to the

metacentric height
Displacement/Length Ratio = (A/0.01 * LWL)
DWL = Design Waterline
G = Centre of Gravity
GM = The distance from the centre of gravity to the
metacentric height
GZ = Righting Lever
H = Draft. The minimum depth of water required to allow
the vessel to float
H. = Draft of hull canoe body
KG = Distance from the keel to the centre of gravity
KM = Distance from the keel to the metacentric height
LOA = Length Overall. The maximum length of the vessel
LWL = Load Waterline Length. The length of the vessel at
the waterline
M = Metacentric Height
RM(x") = Righting Mornent (for a given angle of
heel, degrees)
T = Wave period (seconds)
31
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‘: inﬂucnce Of thc

Synopsis

r outlines the components that make up the stability characteristics of a sailing
e comparisons are then presented to illustrate the design trends and the marked
rating rules that have occurred over the years.

This pap©
t So

An analysis of these trends clearly indicates 2 move away from the characteristics that are

* gucial toa seaworthy ocean going yacht, capable of surviving the extreme weather conditions

that may be found at sea.

Stability and the Effects on Safety

wOf the three rotational and three translational motions of a boat in 2 seaway the most
jmportant, affecting seakindliness and safety, is rolling” [1]. The heel and rolling
characteristics of any vessel are an important part of the measure of seaworthy of any vessel.

Every vessel has its own unique range of stability, this is also unique for each load condition.
However we may consider the load condition of a yacht to be approximately constant, unless
an extended voyage is being undertaken. A vessel undertaking an extended voyage will be

heavily loaded with stores, provisions and additional equipment, this will set her down on her

marks.

If we assume a constant load condition, then the vessel will have only one hydrostatic
stability curve. An example of a typical hydrostatic stability curve is illustrated in figure 1.0.
If the centre of gravity is constant (G) (because the load condition is considered to be
constant), the only stability characteristic to move as the vessel is heeled, is the centre of
buoyancy (B), this will also result in the movement of the metacentric height (M), see figure

2.0.

For a given angle of heel the shape of the sectional huli form govesns the movement of B and
M and thas the resultant righting lever (GZ). Figure 3.0 illustrates the different values of GZ,
for a ziven angle of heel, of two different sectional hull forms. The valne of GZ may be
caleulated (for small angles of heel) if the height of M and the angle of heel are known, as
follows:

Righting Lever (GZ) = GM sin © (1)

As can be clearly seen from figure 3.0, the beamy light displacement vessel develops large
values of GZ, due to the rapid movement of B, (for the same angle of heel) thus increasing the
value of BM. This rapid movement of B (and the resultant increased value of BM}, will make
the yacht “feel” very “stiff” in light to moderate weather conditions. This can be regarded as
the hul] form stability characteristics of the vessel.

For small angles of heel, (ie, typically less than approximately 30 degrees) a vessel moves
about the longitudinal centre line at the LWL. As stability characteristics and the resultant
GZ, are a function of the location of G, the position of G in relation to the load waterline
(LWL) will dictate the mass or ballast condition stability characteristics of the vessel. If G is
below the LWL, then G will contribute to the overal! stability characteristics of the vessel.
However if G is above the LWL, then G will be detrimental to the overall stability
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PORT SIDE STARBOARD SIDE

G Upright

LIST OF SYMBOLS.

A~ Buoyancy force=Displacement

W-Weight=Displacement &

G Z=Righting fever G-Centre of graviify

@ 5 -Centre of buoyancy

M-Metocentre

Definition of terms and forces operating in hydrostatic conditions.

Figure 2: Movement of B due to Heel

Figure 3: Movement of B due to Hull Form "\./

Righting lever GZ

Righting lever
. G-Centre of grovity

B-Centre of bugyancy

: . GM-Met f i
M is on the centreline for € less than etaceniric height

approximately 10 degrees heel ) 02- Righting lever
Distance MB - Form conditioned stodility factor

Distance G-WL-Weight condifioned stability factor
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Figure 5.0 illustrates the typical stability curve of an ultra light displacement maxi yacht. The
range of positive stability is dramatically reduced when compared to the typical stability
curve of a traditional yacht, see figure 6.0. The other important point to note is the maxirmnum
value of the negative GZ of both diagrams. It is clear that the ultra light displacernent maxi
yacht (see figure 5.0) will not only become unstable at a smaller angle of heel, (115 degrees in
this example) but the vessel will have a strong tendency to remain inverted. The vessel would
be required to roll 65 degrees (while inverted) before she begins to return to the upright
position of her own accord, this is unlikely in a seaway. This tendency was graphically
illustrated during the last Around Alone race (1995-1996) when the French yacht was
overurned in the South Pacific Ocean. The photographs (by the media and the Australian
Navy) clearly showed the vessel floating in the inverted position with the keel and rudder still
intact and the skipper standing on the vessel waiting to be rescued.
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Figure 7.0 and 8.0 illustrate the effect of hull section and the relative positions of B and G on
the hydrostatic stability. The hull sections were derived from a parent form of a Threequarter-

Tonner. The basic dimmensions of this vessel are as follows:

Dimension Measure Metric Unit Measure Imperial Unit
LOA 10 M 32.8 ft
LWL 8.3 M 27.25 ft
Beam (B) 3.4 M 11.25 ft
Draft (H) 1.5 M 49 fi
Displacernent 3.0 Tons
Displacement/L. 148.3
ength Ratio
The characteristics of these hull sections are as follows:

Hull Beam/H KG GM 2] T H. KM (m)
A 1.73 0.08 1.29 166 0.53 1.73 1.37
B 1.96 0.26 1.30 145 0.50 1.63 1.56
C 2.22 0.44 1.36 125 0.47 1.52 1.80
D 2.66 0.78 1.50 99 0.43 1.43 2.28
Note:

1) © is the angle of vanishing stability.
2) K@ is the vertical distance from the baseline (as drawn) to G.

Figure 9.0 (graph A, B and C) illustrates the development of modem racing yacht design with
a strong trend towards:

1) Higher tendemess ratios (larger BM/GM ratio)
2) Increased beam in relation to LOA
3) Increased beam in relation to displacement
4) Lower displacement/length ratio.
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After the 1979 Fastnet Race disaster much research was carxied out on the stability
characteristics of yachts in breaking waves. Those who studied the data with a view to
drawing some conclusions, agreed that the following design characteristics have adversely
affected the safety of yachts in breaking waves:

Large bearn

Shallow canoe body draft

High aspect ratio keels (due to there poor directional stability characteristics)
Light displacernent

Low coach roof volume.

. & 0 » B

Figure 9.0 (graph D, E and F) indicate the correlation of these design trends, with the

probability of capsize in breaking waves, based on the Fastnet Race inquiry, - following the
1979 race.

Notes :

1) Tendemess ratio = (0.97LOA * (BWL)’ YRM(1") = 22.3 * (BM/GM).

Figure 10.0 plots Stability Range against Overall Length (LOA) and indicates the
vessels that were capsized. The range of designs within this graph is extensive and

includes yachts from the 1979 Fastnet Race, the 1994 New Zealand to Tonga Race
and a host of other sources, over a long period of time [2].

Notes :

L. A Plot of a particular yacht

2. —.—  Traditional cruising yachts

3, —— Contemporary racing yachts

4. O The yacht capsized but recovered, (may have been damaged)
5. O The yacht that did not survive the capsize

The following observations can be made from this graph:

1) A large number of vessels with a stability range of less than approximately 138 degrees
were rolled in breaking waves.

2) Most of the vessels that capsized were conteraporary cruiser-racing yachts.

3} No vessel with a stability range exceeding 138 degrees was rolled in breaking waves.

4) All of the vessels that were rolled, with a stability range of less than approximately 118
degrees, did not recover.

5} Only one vessel classified as a traditional cruising yacht, was capsized, but it did recover.
The stability range of this vessel is approximately 122 degrees.
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Conclusions

The modermn trend towards vessels with the following characteristics:

Large beam

Shallow canoe body draft

High aspect ratio keels (due to there poor directional stability characteristics)
Light displacement

High values of KG

Has reduced the stability characteristics and hence the safety of modem racing yachts.

Based on the design trend analysis of modern racing yachts presented in Figure 9.0, and the
empirical results presented in Figure 10, the current rating rules lack sufficient focus on the
design characteristics that encourage the racing yacht designer to include stability
characteristics into the design of the vessel. This has lead to a trend away from the design
parameters that make for a seaworthy vessel. Hence it is not prudent, in the interests of
safety, to sail these yachts in races where heavy weather is likely to be encountered.
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Figure 11
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hll heels from O° 1o 180°, also the curves of the centre of
buzmcy (B) and metacentres (M). Breaks in the section
ouliine caused by presence of the coachroof bring reversals in
these curves, wkich may be seen jn detail on a larger scale

drawing.

This figure shows different waterlines, when a
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The effect that waterline beam has on the shape of the curve of statical stability.
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The stability curve of the hud! with a flush
deck shows that its stability is greater than that of the hull

with a coachroof. Every increase in volume high up
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Figure 14

increases stability at large angles of heel. On the other hand,
initial stability in the inverted position is also greater.
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Aspects of Classification of Yachts
Mr John Donovan

Det Norske Veritas
North Sydney

Safety of Ocean Racing Yachts

A Classification Perspective

DET NORSKE VERITAS '

Sy o7 o Ry Yl
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The Traditional Classification Circle

Construction

Commissioning
“Completion of
‘Constr. proj.”/
Operation

DET NORSKE VERITAS
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Classification what it involves
¢ Plan Approval
¢ Hull Construction Survey :
¢ Equipment Certification
3
* On going Periodical Surveys
%
i
L.J,,TU_._,_ ~ DET NORSKE VERITAS —I’__I
Certification - what is the difference :
¢ Certification can mvolve one or more parts
¢ In genera] progressive, that is
» Plan Approva) ;
* Plan Approval and Hull Construction Survey
» Plan Approval, Huyll Construction Survey and
Equipment Certification
Lﬂn-{u—-n-.v_.. " DET NORSKE VERITAS — '-|‘ . ;
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