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1.0 Introduction

1.1 During the process of reviewing the 1998 Sydney to Hobart race and
the several incidents of severe knockdowns and or full inversions I
reviewed the IMS certificates for all of the yachts involved that
carried one. Naiad was one of these yachts.

1.2 On reviewing the certificate for this yacht it was my suspicion that the
displacement and righting moment combination was inconsistent for
a boat of this type. This suspicion was based on my experience with
very similar boats on which I had consulted in regard to IMS ratings.

1.3 It 1s important to establish if the data on the Naiad’s 15 October 1998
IMS certificate was correct or not so that the inferences drawn from
their experience in the 1998 Sydney to Hobart race are referenced to
an accurate starting point. If the data was incorrect it is important to
establish what the relevant parameters for the yacht were at the time
of the incident so that any research is referenced to an accurate data

point.

2.0 Displacement — Righting Moment Relationship

2.1 For a given yacht there is a set relationship between displacement and
righting moment, (and similarly between displacement and limit of
positive stability), when the only variable is the quantity of internal
ballast carried.



2.2 This relationship can be quantified theoretically nsing intact static
stability calculations, one of the most fundamental theories of naval
architecture.

2.3 Using the Naiad’s 1997 IMS certificate for the baseline data of
displacement and righting moment and a set of hull lines faired to
offsets provided by the Australian Yachting Federation, I have
calculated the effect of reducing the internal ballast in several steps.
The table and graph presented in annexure 1 shows the resulting
theoretical relationship between displacement and righting moment
for Naiad. The corresponding graph of displacement and limit of
positive stability is shown in annexure 2.

2.4 The relationship between displacement and righting moment, (and
limit of positive stability) for a given boat as a function of internal
ballast can also established experimentally by physically changing
the quantity of internal ballast in several steps and measuring the
freeboards and righting moment at each step. In fact this
experimental procedure forms part of the IMS measurement process.

2.5 For an IMS certificate, floatation data, (freeboards and ri ghting
moment data measured on the water), i1s combined with hull lines
file in the Velocity Prediction Program, (VPP) to calculate a whole
range of pertinent performance variables. A subset of the output is
the displacement and stability data including the righting moment
and the limit of positive stability. The IMS certification process is
the standard procedure used today to asses the stability
characteristics of a racing yacht.

2.6 So by running a series of IMS certificates based on in water
measurements taken with differing amounts of internal ballast in
place in the boat, the information required to establish the
displacement / righting moment relationship will fall out.



2.7 For sister ships, (boats of the same hull form and construction), this
same set of data can be obtained by having each one set up with
different amount of internal ballast for their IMS measurement.

2.8 In essence this situation exists in the present Australian IMS fleet.
Several Farr 40’s were built from one set of moulds during the late
1980’s. Boats built from this tooling include Nadia 4, Witchcraft,
Indian Pacific, Midnight Rambler, and several others.

2.9 While Naiad was a one off design, custom built in New Zealand, it is
very similar in hull form to the Farr 40’s built in Australia. The
most significant difference is that the Australian 40’s are approx. 7"
longer on LBG than the Niaid, all of the other primary design
parameters are almost identical. (Length Between Girths, or LBG, is
the most significant measure of length for boats designed for the
International Offshore Rule or IOR) The greater difference in
overall length of 14 “ is due to a longer transom scoop on the
Australian 40’s — which has little to no influence on the stability
characteristics of the yachts.

2.10 Therefore for the purpose of this study the Naiad can be considered
a sistership to the Farr 40’s. Annexure 3 contains some additional
supporting documentation for this argument, including a table of
primary design parameters, and an overlay of the hull lines as faired
to the offsets provided by the AYF.

2.11 Most of the production built Farr 40°s have been measured for IMS
at some point over the last 5 years. While these boats are all
configured slightly differently it terms of fittings and fixtures, the
primary difference between them is the quantity of internal ballast
carried. So the IMS certificates for these boats provide a fairly good
guide as to the displacement to righting moment and the
displacement to positive limit of stability relationship for the Farr
40’s as well as for the Naiad.



2.12 A rable and graph of IMS derived stability data for these boats and
the Naiad is presented in annexure 4. Several boats show up more
than once as they have been re-configured with more or less internal
ballast over the years. Copies of the IMS certificates from which
this data has been extracted are presented in annexure 5.

2.13 The graph in annexure 4 shows good agreement between the
theoretical displacement to righting moment relationship and that
produced by the IMS data for the Naiad and the Farr 40’s.

3.0 Naiad 1998 Certification

3.1 On 18 July 1998 the Naiad was re-measured in the water, (freeboards
and inclination),for the 1998 sailing season. It is my understanding
that the internal ballast was removed from the yacht for this
measurement; a yacht does not need to be re-measured in the water
between seasons unless it has undergone modifications that would
alter 1ts flotation. The amount of lead removed is unclear from the
documents I have reviewed. After a fair volley of correspondence
between the Tasmanian measurer and the AYF, a validated and final
1998 IMS certificate was issued for Naiad on the 15% of October
1998. Itis my understanding that this was the certificate issued to
the CYCA for entry to the Sydney to Hobart Yacht Race.

3.2 It is of note that there was a certificate issued by the AYF dated 29
September 1998 also based on the measurements taken on 18 July
1998; This certificate was superceeded by the 15 October certificate.
Copies of these two certificates are attached as annexures 6 and 7.

3.3 The October 1998 certificate does not appear to be consistent with the
displacement to righting moment relationship discussed in the
previous section of this report; neither in comparison with older
stability data for the Naiad itself, nor with the other Farr 40’s. This
becomes very evident when the October 1998 data is plotted on the



displacement Vs righting moment graph with the other data; refer to
the graph in annexure 8.

3.4 The inconsistency of Naiad’s October 1998 and 1997 IMS certificates
also becomes apparent when considering the vertical centre of
gravity for the two configurations.

3.5 As part of its stability data the IMS certificate also calculates the
vertical centre of gravity for the given configuration. In the case of
Naiad’s 1997 certificate the displacement was reported as 6020kg at
0.081m below the reference waterline. For the October1998
certificate the displacement was documented to be 6278kg at
0.106m above the reference waterline; (refer to annexure 6 and 7).

3.6 To effect this change would require adding 258kg 4.1 m above the
reference waterplane. This is not a realistic scenario.

3.7 Given both of these bits of evidence I suspect an error in either the
floatation measurements (the freeboards) or the righting moment
experiment associated with the October 1998 certificate.

3.8 Referring to the graph in annexure 8, if the reported displacement of
6280kg is correct, the righting moment appears significantly too
low.

3.9 On the other hand if the righting moment of 130.7 kg*m/deg is
correct, then the displacement of 6287 kg is too high; a
displacement of approx. 5575kg would be more in keeping with the
theory and with the fleet data presented in annexures 5 and 8.

3.10 I strongly suspect the latter to be the case based on Richard Fisher’s,
(the Tasmanian IMS measurer) notes and his correspondence with
the AYF office in Sydney which took place during the measurement
process leading to the 15 October 1998 certificate.



3.11 When Richard Fisher submitted his data sheets to the AYF for the in
water measurements taken 18 July, (attached here as annexure 9), he
notes in the comments section “boat re-inclined after removing
internal ballast. He also makes not of this change on the 1998
measurement inventory which form the second page of the IMS
certificate: “nil” internal ballast, “Previous ballast removed”; refer to
the second page of annexure 6. Therefore it would be reasonable to
expect the displacement of the boat to come down by some amount
from the 1997 certificate value and for the righting moment to also
come down by a corresponding amount.

3.12 The measurement inventory for Naiad’s 1997 certificate (dated
18/11/95 but remaining valid for the 96” and 97 certificates), noted
“lead ingots (glassed in)”’; but with no note as to the amount.

3.13 Regardless of the amount of lead removed, the displacement for the
boat in 1998 should be less, by some amount, than for 1997, not
more.

3.14 Going back to the correspondence leading to the October 1998
certificate, it appears that there was some confusion about the
forward freeboard measurement taken on the 18" of July 1998.
Eventually the original measured forward freeboard of 1.321m was
changed by 90mm to 1.231, resulting in the final 1998 certificate for
the boat dated 15 October 1998.

3.15 Mr. Fisher’s initial submission to the AYF for a 1998 certificate
based on his 18 July floatation was made somewhere between the
18" and 29™ of September. Mr Fisher’s notes and worksheets
pertaining to this measurement are attached as annexure 9.

3.16 Based on this submission the AYF produced a certificate dated
September 29, 1998. This certificate, (refer to annexure 6), reports a
displacement of 5546kg, a righting moment of 130.7kg*m, and a
limit of positive stability of 105.6°.



3.17 It 1s noteworthy that this data is consistent with that of 1997, and
with that of her sisterships, refer to annexure 8. It is also of note that
the displacement of 5546kg is down from the 1997 value of 6020kg
by 474kg — in keeping with the notes regarding the removal of
internal ballast.

3.18 On October 6" Mr. Fisher faxed the AYF regarding the 9/98
certificate with concerns about the new stability data and crew
welght limits, and requests a re-run of the certificate with the
forward and aft freeboards transposed.

3.19 It is my understanding that this was done by Tony Mooney at the
AYF, but that the resulting certificate was unbelievable and never
printed or released.

3.20 Subsequent to this Mr. Fisher concluded that it must not have been
that he transposed the freeboards but rather must have transposed
two of the digits in the forward freeboard measurement. And on
October 15" he requested by fax that the AYF run a new certificate
with a forward freeboard of 1.231m, (rather than 1.321m noted on
his worksheet for the measurement), and an aft freeboard
measurement as per the original submission of 1.037. A copy of this
fax is attached as annexure 10.

3.21 Mr. Fisher told me on the day of the Nadia 4 experiments that before
making this final request to the AYF he rowed out to the Naiad
some time between the 6™ and 15" of October to check the forward
freeboard to determine if it were possible to have transposed the
middle digits of the forward freeboard reading. From our
conversation it is my understanding that he did not attempt to check
the aft freeboard; this assumption is supported by Mr. Fisher’s notes,
(refer to page 3 of annexure 9) where there is no note of subsequent
checks in relation to the aft freeboard.

3.22 It is very unlikely that the boat would have been in measurement
condition at the time of this check. In fact it is very likely that there



were was significantly more weight onboard, than at the time of
measurement, including several sails in the bow of the boat,
(typically where sails are stored on a racing yacht). Also the
mooring line would have been pulling the bow down.

3.23 All of these factors would combine to significantly reduce the
freeboards, particularly the forward freeboard. These effects could
quite easily accounting for the 90mm of reduction in the forward
freeboard reported in his check, noted on his 18 July worksheet as
“subsequent checks”, (refer to page 3 of annexure 9)

3.24 Given the poor conditions, and lack of preparation, and incomplete
nature of this check I would consider it invalid.

4.0 Experiments with Nadia 4

4.1 Because of the confusion surrounding the 1998 certificate for Naiad
described in the previous section of this report [ proposed a series of
inclining experiments be conducted on a yacht similar to Naiad.

4.2 The purpose of these experiments was to determine the relationship
between displacement and righting moment for the Farr40’s by
physically modifying the internal ballast in steps and measuring
freeboards and righting moment in each configuration.

4.3 A secondary goal was to evaluate the measurement procedures used
by Richard Fisher in reference to the more practiced techniques of
the New South Wales measurer, John Anderson.

4.4 A third objective was to see if it was physically possible to modify the
internal ballast to achieve the changes implied by Naiad’s 1997 and
October1998 certificate.

4.5 The Farr 40 Nadia 4 was offered to the NSW water police by its
owner Teke Dalton, for these experiments. The yacht was towed up



to the Royal Prince Alfred Yacht Club where the experiments were
conducted on 1 December 1999.

4.6 The initial plan was to remove the internal ballast from the boat, run

an IMS flotation and inclining experiment in this trim, and then add
internal ballast in several steps taking data at each step, up to a
maximum displacement of around 6500 kg.

4.7 However it turned out that the internal ballast in Nadia 4 was glassed

in to the point of being practically immovable. So instead we
removed virtually everything from inside the boat in an effort to get
the displacement down as low as possible for our starting point.
Some 600kg of equipment and fit out was removed from the
condition in which the boat was received from the owner.

4.8 This gave us a starting point displacement of 5982 kg. But because

the effective centre of gravity of the removed weight was
considerably higher than that of the internal ballast, we ended up
with a righting moment of 152 kg*m/deg in this light condition;
slightty higher than that of a boat from which the internal ballast had
been removed.

4.9 The first group of experiments were conducted by John Anderson.

These experiments were basically IMS type flotation and inclination
measurements taken at the light displacement starting point, and at 3
heavier configurations each with an additional 200kg of internal
ballast. The results of these experiments are presented in annexure
11 where righting moment and displacement are plotted along with
the Farrd40 and Naiad IMS data.

4.10 While the data for these experiments is shifted upwards approx. 10

kg*m/deg relative to the Farr 40 and Naiad data, it shows the same
trend in terms of how the righting moment changes with

displacement. In both cases the change is approximately
2.5kg*m/deg for each 100kg of additional internal ballast.



4.11 This result reinforces the theoretical calculations and fleet data for

the righting moment to displacement relationship for the Farr 40’s,

and further supports the argument that the change in righting
moment and displacement implied by the 1997 to October1998 IMS
certificates for Naiad was not possible.

4.12 After the initial 4 flotation and inclination experiments were

complete, we had Richard Fisher repeat the final experiment at the

heaviest displacement in order to compare the two measurers

techniques.

4.13 While his final result for the experiment was very close to that of

John Anderson’s, (refer to annexure 11),I noted the following

differences as significant.

1.

Richard’s freeboard measurement tape was truncated at approx.
100mm mark, where it was replaced with a light string with a
knot tied near where the 0 would have been, and a lead sinker
below that to hold the string and tape tight. This knot was not
exactly 100mm from the 100mm mark on the tape; so a
correction was necessary for accurate freeboards to be measured.
In his first report of the freeboards I noted a significant
difference to those taken by John Anderson. When I pointed this
out to Richard he checked and found his correction for the string
had been made incorrectly.

Richard did not check his zero setting for the inclination
manometer after the inclination; a standard procedure for John
Anderson and all other measurers I am aware of. This check is
intended to make sure that the manometer does not shift during
the measurement process.

Richard positioned the manometer on the transom of the boat as

opposed to on the bow pulpit. It is more stable on the bow and
much easier to read accurately.

10



4.14 It is my opinion that Richard Fisher is qualified to be an IMS
measurer, but his lack of experience and practice increase the
likelihood of an error being made during the measurement process.
In the case of the Naiad his only error was allowing himself to think
he made an error; perhaps something he would not have done with
the confidence of more experience.

4.15 The last experiment was to see if we could recreate a ballast shift
that would result in the change implied by the 1997 to October 1998
certificates. Annexure 8 illustrates that these two certificates imply
a relationship between displacement and righting moment where
adding 100kg causes the righting moment to go down by approx 3
kg*m/deg.

4.16 In our experiment we added 250kg to the boat relative to the starting
point condition as high as was practical, this being on the top of the
coach roof, directly over where we had been adding lead in the bilge
for the first battery of tests.

4.17 The result was a righting moment of 156 kg*m/deg; which implies a
rate of 1.65 kg*m/deg for an additional 100kg of internal ballast.
This result is shown graphically in annexure 10.

4.18 The conclusion from this experiment is that if the October 98
certificate were valid, then the implied change of ballast is an
increase of approx 250kg, and that it would have to have been added
well up in the mast, as adding ballast even on top of the coachroof
causes the righting moment to go up, albeit at a lesser rate than when
it 1s added in the bilge.

11



3.0 Overall Conclusions Regarding the Condition of the Naiad for the

1398 SHYR

5.1 The Naiad’s 1998 certificate dated 15 October 1998 was in error.
The principal error was the forward freeboard measurement. This in
turn produced false calculations for displacement and limit of
positive stability as well as effecting other aspects of the certificate
including allowable crew weight and rating.

5.2 The original measurements taken by Richard Fisher on 18 July and
resulting in the September 98 certificate agree well with the
theoretical calculations and the Farr 40 fleet data for righting
moment at a displacement of 5550kg. Therefore I consider it most
probable that these measurements were not in error and that the
certificate dated 29 September 1998 was an accurate representation
of the condition in which the yacht entered the 1998 Sydney to
Hobart Yacht Race. The relevant parameters for the yacht in this
condition are a displacement of 5547kg, a righting moment of 130.7
kg*m/deg, a limit of positive stability of 109.5deg, and a stability
index of 105.6 deg.

12
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. APPENDIX 2 - MEASUREMENT CONDITION CHECK LIST & INVENTORY

This check list is intended to help the owner prepare lhie yachl for measurement. Each ifem checked will
De iniliafed by the owner and Measurer. The completed docunent will be returned to the Rating Oflice for
retention. The yacht shall be completed and equipped lor sailing. There shall be no sails aboard at the time

of the check below deck.

o A

I
12.
13.
14,

{5,
i6.
i7,

18.
19.
20.
21

Signed |

~[nitials
Owner Measurer

All sails removed [romn the yachl, ) i'£:j! .
Ballast sealéd 1o hull structure and anchors, chain and batleries [ixed
in clearly marked slowage. . ?ﬂt

Heads, bowls, sinks, ete, are dry.

Bilges and other possible areas where water may collect arc dry

Tankage and voids condition checked.

Navipalional and cooking equipment stowed as specified.

No clothing, bedding, food or sloscs on board ]
Mattresses, cushions and pillows stowed in normal position (dry) %
=

No poriable equipment in [ront of the mast

Sufety equipent stowed in normal position )

but nol lforward of the mast ’ . ig ] r_

All stownges opened and checked m .

No liferalt or dinghy on board ME .

Centreboards raised unless to be locked down whilst racing

Sheets, guys, etc. on cabin sole abalt
the mast in accordance with 402.2(a)2,

Measurement bands PAINTED on spars
All standing rigging Light

Runuing rigging tight. Halyards led to the foot of the mast
and tails to their normal operaling pasition

Runnin'g backstays aft and tight, running foresiays to the mast

Masts raked alt to the Emit of adjustment, not forward of vertical

Boom at low point; horizontal, centred and secured against movemnent

e s

4 AR KA A [RNANR N

Spinnaker pole(s) on deck in normial stowage. (No. }.7.) -
{If a yacht's poles are not being used for inclination, '

they must be renioved when inclining)
i

%@ .................................... (Owner) W/éwmuc)

Dated: /1

75 Nov/95
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