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SUMMARY

This thesis describes research intended to extend and enhance the existing SWATH 

design capability developed at the University.

The thesis commences (Chapter 2) with a brief general review of all design aspects 

relevant to the balanced evaluation and comparison of monohull and SW ATH vessels. 

SW ATH vessel performance in each of these areas is analysed individually, and where 

possible quantified in relation to that o f corresponding monohull ships. This chapter is 

intended to highlight the range and extent o f the variations existing in SW ATH / 

monohull design and operability characteristics.

Chapters 3, 4 and 5 o f the thesis describe studies aim ed at im proving our 
understanding o f the often neglected although fundamental aspects of damage stability, 
m anoeuvring and wave induced global loading. These design topics were selected for 
investigation after the preliminary review highlighted shortfalls in the availability and 
reliability o f relevant information.

Chapter 3 addresses the question of damage stability. Results from an extensive 

parametric study undertaken to explore the damage stability characteristics of SWATH 

vessels are presented and discussed. Secondly the relationships thus established 

betw een design geom etry and damage stability are utilized in the construction of 

'F S E P l'; a design program  which estimates damaged stability characteristics at the 

preliminary design stage.

Chapter 4 investigates the manoeuvring performance of SWATH ships. Following 

a thorough literature survey, conventional (monohull) manoeuvring theory is applied 

and adap ted  to create  a m anoeuvring prediction tool for SW ATH vessels; 

'SW ATHM AN'. This program will estimate required rudder areas in order to achieve a 

specified m anoeuvring performance. Conversely the program will estimate the likely 

turning perform ance for a specified rudder area. The program incorporates propeller 

acceleration effects and caters for control fins mounted in and outwith the slipstream.

Chapter 5 reviews aspects of wave loading in the structural design o f SWATH 

ships. It is widely acknowledged that wave induced side force leading to a transverse 

bending moment is the dominant form of environmental loading for these vessels. All 

available methods for the calculation /  estimation of this force were therefore identified



and applied to the vessels T-AGOS 19 and the M.V. Patria. Short term extreme value 

prediction methods are applied in order to determine likely lifetime values of design 

extreme loading. Empirically derived estimates are compared with those produced by 

the application o f rigorous three dimensional potential theory, and conclusions on the 

applicability of the methods are drawn.

Finally chapter 6 outlines a method for the overall mission based evaluation of 
alternative m onohull and SW ATH designs. This comparison is based on all relevant 
features o f the two concepts. Features and characteristics of both hullforms are 
iden tified  and assigned a priority level. The priority  level assigned includes 
consideration of the vessel's intended role and operating profile. Through application of 
this technique the chapter aims to provide guidance for the designer selecting hullforms 
for both general and specific roles.

xiv



CHAPTER 1

I N T R O D U C T I O N

1.1 General

Small W aterplane Area Twin Hull (SWATH) vessels have now been around for 

almost 20 years. These vessels are a form of modified catamaran where the underwater 

form has been distorted to move the supporting buoyancy well below the surface of the 

sea. A typical SW ATH vessel consists of two totally submerged torpedo like hulls 

upon which an above water cross structure is supported by means of long streamlined 

surface piercing struts.

Fig 1.1 illustrates the M.V. Halcyon which is typical of modern SWATH geometry.

Im proved seakeeping performance was the rationale behind developm ent of the 

concept. Since wave excitation forces decrease exponentially with depth, their effect on 

deeply submerged hulls is therefore minimal. Reductions in motion due to decreased 

wave forces, are further augmented by the low waterplane area inherent in the concept. 

This increases the natural periods of resonant motion outwith the peak energy ranges of 

ocean wave spectra. It also allows the possibility of manipulating the motion transfer 

functions to decouple heave, pitch and roll responses. The resulting vessels have 

dem onstrated  dram atically im proved seakeeping perform ance over conventional 

m onohulls and catamarans at both model and full scale. Indeed in full scale trials 

conducted by the U.S. Navy (Ref 1), the 220 tonne S.S.P. Kaimalino was found to 

have seakeeping perform ance equivalent to a m onohull some fifteen times its 

displacem ent

In addition to offering dramatically improved seakeeping performance, SWATH 

ships possess larger ’usable' deck areas than equivalent m onohulls. This perm its 

greater flexibility particularly for operations involving aircraft or requiring a moonpool. 

This feature combined with low platform motion makes SWATH ships ideally suited to 

missions requiring air capability or involving hydrographic survey, diving support, etc.

These benefits are not however achieved without penalty. The provision of twin 

hulls increases surface area and hence weight so reducing payload fractions while

1



increasing construction costs and frictional resistance. In addition the twin hulled 

configuration necessitates duplication o f certain shipboard systems further increasing 

cost and complexity. These problems are compounded by the low waterplane area 

which introduces restrictions on payload and requires the provision of control fins 

together with extensive ballasting /  deballasting arrangements.

From  the foregoing it will be obvious that the SWATH concept must not be 

regarded as a panacea. If SW ATH is to evolve the limitations of the concept must be 

recognized and where possible action taken to minimize their effect. When evaluating 

alternative design proposals the naval architect must balance and offset the advantages 

afforded by SW ATH ships by their many drawbacks, in an effort to determine the 

vessel type best suited to a given role.

1.2 History and Development

A lthough SW A TH  ships are a rela tively  recent phenom enon, the naval 

architechtural principles em bodied in the concept have been known and applied 

separately for centuries.

Seafarers and traditional shipwrights alike, have long recognized the relationship 

betw een deep subm ergence o f buoyancy and seakeeping. The many deep draught 

coastal vessels existing worldwide are evidence of this appreciation. Logical extension 

o f this principle ultimately led Lundborg (Ref 2) to patent a semi-submerged ship in 

1880.

Unfortunately since stability is linked to waterplane area such designs are inherently 

unstable. The solution to this problem was most likely first devised by the Polynesian 

and M elanesian peoples of the Pacific. For these islanders the use of multi hulls to 

achieve speed whilst maintaining stability has been standard practice for centuries.

Com bining Lundborg's semi-subm erged ship with the 'technology' o f the Pacific 

Islanders leads directly to the modern Small W aterplane Area Twin or Triple Hull 

(SW ATH) ship.

Evolution o f the SW ATH concept during the 20th century is best traced through 

patent applications. Notable amongst these are American applications by Nelson (Ref 3) 

(1905), and Blair (Ref 4) (1930). Albin Nelson was the first to file for a patent on a

2



twin hulled semi-submerged ship resembling a modem SWATH form. His motivation 

was however not improved seakeeping, but rather the requirement of keeping the cargo 

cool. It was thus left to W illiam Blair to identify seakeeping as the rationale for the 

concept. Blair was subsequently awarded a patent on a multi-hulled semi-submerged 

ship specifically designed to improve performance in a seaway. In spite of this it was 

another 13 years before the first practical SW ATH designs appeared in 1943 when 

Frederick Creed (Ref 5) filed for British and American patents on aircraft carrier and 

salvage vessel designs.

The 1960's saw the introduction and development of low motion semi-submersible 

offshore drilling rigs by the oil industry. Continued growth of interest in these designs 

led to the design and construction o f the medium waterplane area twin hull seabed 

operations vessel 'Duplus' in 1969 (Ref 6). She has operated successfully since then 

under the names 'Duplus', 'Jaramac 57' and more recently 'Twin Drill'.

Two years later in the U.S.A. Litton Industries produced the first manned SWATH 

dem onstrator, the 6m long experimental 'Trisec 1' (Ref 7). By this time the United 

States Navy was heavily engaged in the design study for a semi submerged platform. It 

was this work which finally led to the construction and launch o f the S.S.P. Kaimalino 

in 1973 (Ref 8). This was the world's first true Small W aterplane Area Twin Hull ship.

Tw enty six such vessels today exist worldwide and a further nine are on order 

aw aiting delivery. Notable amongst these is the 18,400 grt cruise liner Radisson 

D iam ond, currently under construction at Rauma Yards in Finland. Upon completion 

she will be the worlds largest SWATH and first SWATH cruise liner. Also on order are 

six m ore SW ATH T-AGOS ships. It is understood that the U.S. department of defence 

has p laced orders for two more 3,500 ton ships and four 5,500 ton variants. In 

addition FBM  Marine will shortly commence construction of a second fast displacement 

catamaran ferry, similar to their successful M.V. Patria.

Sm all W aterplane Area Twin Hull vessels are therefore no longer emerging 

technology. Nearly 20 years have passed since the launch of S.S.P. Kaimalino during 

which time SW ATH technology has evolved rapidly to its present level. The expertise 

required to build and operate these vessels is currently available and applicable to a 

wide range o f ship types and roles. It need no longer be confined to experiment tanks, 

demonstrators and prototypes.

Table 1.1 Outlines SWATH vessels built to date and /  or currently under construction.
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1.3 Existing Design Capabil ity

Traditionally ships are designed by the interpolation and extrapolation of knowledge 

and past practice. This process although conservative in approach, has over thousands 

of years evolved near optimal monohull designs. Unfortunately SW ATH vessels are 

very different from  conventional monohulls. The design techniques applied must 

therefore be modified accordingly.

SW ATH vessels present the naval architect with many problems all of which must 

be solved effectively in order to create an efficient solution, i.e. a vessel which is able 

to compete favourably with a monohull designed for the same role. Unfortunately 

definition of the twin hull configuration requires a large num ber o f variables with 

respect to geom etry, structural design, carrying capacity, pow ering and motion 

response. W ithout the extensive design database available for monohulls, increased use 

m ust be made of first principles and iterative design methods. This approach has only 

recently been made feasible by modem developments in digital computing power which 

allow the relatively rapid generation, analysis and subsequent modification of designs.

C om puter aided design tools for m onohulls have been around for some time, 

how ever lack of dem and coupled with an absence o f relevant design data has until 

recently obviated the creation of such a system for SWATH ships. Increasing interest in 

the SW ATH concept in the late '80's together with an expanding database of design 

inform ation prom pted J.R. M acGregor to develop a com puter aided m ethod for the 

prelim inary design o f SW ATH vessels (Ref 9). W hen com pleted in 1989 these 

programs embodied the existing 'state of the art' in SWATH vessel design.

This thesis describes research aimed at extending and enhancing this capability.

1,4 Extension of  Design Capability

A position has now been reached where the primary advantages and disadvantages 

of the concept are recognized and therefore no longer in dispute. Consequently attention 

may now be directed towards previously neglected aspects of the design and towards 

establishing a measure of the concepts overall performance relative to that of monohull 

counterparts.
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In an effort to enhance the existing design capability , areas outwith the 

specification of the original design suite were identified. Following a brief review of 

general SWATH design aspects, the following were targeted for detailed investigation:-

1. Damage Stability

2. M anoeuvring

3. Environmental Loading

These areas were selected since in all three cases the different geometry of SWATH 

and monohull vessels leads to radically different behaviour.

Damage Stability was chosen since it is an area which frequently arouses concern 

amongst those unaccustom ed to SW ATH vessels. The low waterplane area allows 

rapid heeling / trim m ing upon flooding, how ever as dem onstrated in Chapter 3 

subsequent immersion of the cross deck structure arrests this trend quite satisfactorily.

M anoeuvring was sim ilarly selected since it too is an area where SW ATH 

geom etry produces different characteristics to those o f monohull ships. The long 

streamlined stmts on SWATH ships produce directionally stable systems. This may not 

always be a disadvantage but does result in reduced m anoeuvring performance at 

speed.

In direct contrast to monohull vessels the dom inant global loading on SWATH 

ships is a transverse bending moment. Since it is recognized that the accurate evaluation 

of loading is an essential prerequisite to developing an efficient structure, environmental 

loading was considered in an effort to rationalize the many calculation methods and 

approximations available.

Finally an attempt was made to develop a framework for evaluating alternative 

monohull and SW ATH designs. This led to the creation of a simplified method for the 

assessment o f alternative designs proposals based on the idea o f 'mission equivalence’.

1.5 Related Activities

Since com pletion of the 'DESIN' suite o f program s in 1989, eleven SWATH 

vessels have been launched worldwide. Two of these were designed and built in 

Britain; the M.V. Patria, a 37 metre fast passenger ferry and the M.V. Ali, a 12 metre

7



SW ATH demonstrator /  fishing vessel.

The M.V. Patria was designed and built by FBM Marine on the Isle of Wight. The 

SW ATH m otor fishing vessel was designed and built privately in Glasgow through a 

syndicate headed by Dr J.R. MacGregor the creator of the 'DES1N' capability.

The author has been privileged to witness the construction of this vessel and to 

serve on the trials team which took the vessel to sea late in November 1990. During the 

period spanned by this research the author also participated in trials of 'Samhach' a 4 

tonne SW ATH demonstrator designed and constructed by Yarrows Shipbuilding Ltd. 

Results from these trials are however still undergoing analysis and are regrettably 

unavailable to date.

1.6 F o rm a t o f T hesis

The thesis begins (Chapter 2) with a brief general review of all design aspects 

relevant to the balanced evaluation and comparison of monohull and SW ATH vessels. 

No attempt is made to combine or relate the findings at this stage. A m ethod for the 

overall mission based evaluation of monohull and SWATH vessels is instead presented 

in Chapter 6.

Chapter 3 addresses the question of damage stability. Results from an extensive 

parametric study undertaken to explore the damage stability characteristics of SW ATI1 

vessels are presented and discussed. Secondly the relationships established between 

design geom etry and dam age stability are utilized in the construction of 'FSEPL; a 

design program  which estim ates dam aged characteristics at the prelim inary design 

stage.

Chapter 4 investigates the manoeuvring performance of SWATH ships. Following 

a thorough literature survey, conventional (monohull) m anoeuvring theory is applied 

and adapted to develop a m anoeuvring prediction tool for SW ATH vessels; 

'SW ATHMAN'. This program will estimate required rudder areas in order to achieve a 

specified manoeuvring performance. Conversely the program will estimate the likely 

turning perform ance for a specified rudder area. The program incorporates propeller 

acceleration effects and caters for control fins mounted in and outwith the slipstream.

Chapter 5 reviews aspects of wave loading in the structural design o f SWATH
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vessels. It is widely acknowledged that wave induced side force leading to a transverse 

bending moment is the dominant form of environmental loading for these vessels. All 

available methods for the calculation / estimation of this force were therefore identified 

and applied to the vessels T-AGOS 19 and the M.V. Patria. Short term extreme value 

prediction methods are applied in order to determine likely lifetime values of design 

extreme loading. Empirically derived estimates are compared with those produced by 

the application o f rigorous three dimensional potential theory, and conclusions on the 

applicability of the methods are drawn.

R eferences to C h a n te r  1

1. W oolaver, D.A., and Peters, J.B., 'Comparitive Ship Performance Trials for the 

U.S. Coast Guard Cutters M ellon and Cape Corwin and the U.S. Navy Small 

W aterplane Area Twin Hull Kaimalino', DTNSRDC Report No 80/037, March 

1980.

2. Lundborg, C.G., 'Construction o f Ships', U.S. Patent No.234 794, 1880.

3. Nelson, A., 'Vessel', U.S. Patent No. 795 002, 1905.

4. Blair, W .R., 'Ocean Going W ater Craft', U.S. Patent No. 753 399, 1930.

5. Creed, F.G., 'Improvements in and Relating to Floating Structures', U.K. Patent 

No 561 741, 1944.

6. 'Twin Hull Vessel DUPLUS for Netherlands Offshore Company', Reprinted from 

Holland Shipbuilders, February 1969.

7. M arbury, F., 'Small Prototypes o f Ships - Theory and a Practical Example', Naval 

Engineers Journal .October 1973.

8. Lang, T.G., Hightower, J.D., and Strickland, A.T., 'Design and Construction of 

the 190 Ton SSP', ASME Paper No 73-W A/Oct-2, 1973.

9. M acGregor, J.R., 'A Computer Aided Method for Preliminary Design of SW A TI1 

Ships', Ph.D. Thesis, Glasgow University, May 1989.
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CHAPTER 2

A S P E C T S  O F  D E S I G N

2.1 In tro d u c tio n

This chapter identifies and reviews design aspects relevant to the SWATH concept. 

SW ATH vessel performance is analysed for each o f these aspects individually, and 

where possible quantified in relation to that of corresponding monohull ships. At this 

stage no attempt is made to combine or relate the findings. A method for the objective 

overall evaluation of SWATH and monohull designs is instead presented in Chapter 6.

2.2 S eak eep in g

The greatly enhanced seakeeping capabilities offered by SW ATH vessels are now 

w idely recognized. SW ATH ships have dem onstrated excellent motion response 

characteristics in model experiments (Ref 1-4), controlled tests on large demonstrators 

(Ref 5-8), and full scale trials (Ref 9-13). In addition observations on, and experiences 

w ith, w orking SW ATH vessels (R ef 13-17) all confirm  the concepts superior 

seakeeping performance. Indeed full scale trials (Ref 13) have shown that a SWATH 

ship m ay possess seakeeping equal to a m onohull vessel some fifteen times its 

displacement - Fig 2.1.

D irect SW ATH /  monohull comparisons on an equal size basis, often penalize the 

SW ATH on the grounds o f increased build and operating cost. H ow ever these 

com parisons neglect the vastly increased seakeeping capabilities possessed by the 

SW ATH ship. For m issions requiring good seakeeping perform ance, e.g. Sonar 

Surveillance (SSV), Air or Diving Support, the increased capability afforded by the 

SW ATH concept may allow a SWATH ship to perform the same role as a monohull of 

much greater size.

The accurate evaluation of seakeeping is therefore essential when comparing 

SW ATH and monohulls vessels on a mission basis.

In order to evaluate the effect of seakeeping upon operability, it is usual to define
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certain limiting criteria. These criteria stipulate the maximum significant amplitudes of 

motion and acceleration, deck wetness, slamming etc. which may be tolerated. In 

addition criteria relating to the operation of onboard equipm ent, including aircraft 

handling gear, may be specified for some missions. Kennel, Olson and McKreight (Ref 

18-20) offer com prehensive lists o f seakeeping criteria applicable to SW ATH / 

Monohull evaluation.

Ref (18-24) describe mission based comparisons based on such criteria. In these 

studies theoretical techniques were used to evaluate the seakeeping characteristics for 

both SW ATH and monohull designs. In each case the results were combined with sea 

spectral data, in order to evaluate the percentage of time that the limiting criteria were 

exceeded. This information enabled the calculation of percentage operability for each 

vessel operating a specified mission profile.

Fig 2.2 illustrates the principal characteristics of payload and seakeeping equivalent 

ships. These designs were derived by Kennel et al (Ref 18). In this study a SWATH 

and a m onohull were first designed on the basis of equal payload. A seakeeping 

analysis was then perform ed and a second monohull design configured to possess 

seakeeping equivalent to the SWATH vessel. Fig 2.3 illustrates the percentage annual 

operability attained by each o f these vessels performing both general and helicopter 

support duties in the North Atlantic.

Fig 2.4 presents a graphic illustration of the relative seakeeping performance of the 

3605 Ton FFG7 frigate and a 3400 Ton SW ATH design. To produce these diagrams 

Olson (Ref 19) applied specific seakeeping criteria in order to determine limiting wave 

heights for each com bination o f speed and heading. The results dem onstrate the 

excellent seakeeping perform ance o f the SW ATH in head and beam seas, and a 

reduction in perform ance in following seas. In contrast the FFG7 performs best in 

following seas and worst in head seas. It will be noted that in general the limiting wave 

height is significantly  greater for the SW ATH which suffers no perform ance 

degradation in up to 35 feet waves at any speed for headings between 90 and 270 

degrees.

M otions, deck wetness, speed and course m aintenance are all significantly 

improved for SW ATH ships. Slamming on the underside o f the box structure may be 

worse than m onohull slam ming in extreme sea states. The phenomenon is not yet 

adequately understood, and reliable theoretical predictions of slam pressure are not yet 

available. Djatmiko (Ref 25) reviews currently available slam prediction techniques.

11



CO

CO oCM

S .6 33V 3AV3H

ooo in

N 0 3 1 S

WV30

QV3H

WV3G

NU31S

Nd31S

WV30

QV3H

WV30

NU31S

2
2  2  ►“
O o  °
oo o

CM CQ 
™  CL 
CL
co
co .E 
o E

=  E 
75

o
O
0)
CL
03

o

' 0 3 0 T10d

UJ

UJ
<  -

CO

oo

NG31S

WV30

QV3H

WV30

NU31S

'03Q H31ld

C
oco
*U
C3

12

US
 

N
av

y/
C

oa
st

 
G

ua
rd

 
se

ak
ee

pi
ng

 
(r

ia
ls 

m
ot

io
ns

 
co

m
pa

ri
so

ns



2 _ 0 A I R  S E A R C H  R A D A R N A V I G A T I O N  R A D A R

M A C H I N E R Y
S P A C E

W E A P O N S  D I R E C T O R F IR E  C O N T R O L  R A D A R

C I W S ( P ) \

G U N ( S )
T O W E D  A R R A Y  S O N A R

SWATH

N A V I G A T I O N  R A D A R

S T E E R I N G

2 0  A I R  S E A R C H  R A O A R

PAYLOAD
MONOHULL

W E A P O N S  O I R E C T O R
FIRE  C O N T R O L  R A O A R

M I S S L E  L A U N C H E R

T O R P E D O  T U B E S

T O W E D  A R R A Y  S O N A R

2 0  A I R  S E A R C H  R A D A R
SEAKEEPING
MONOHULL

T O R P E D O  T U B E S

N A V I G A T I O N  R A O A R
W E A P O N S  D I R E C T O R

FIRE  C O N T R O L  R A D A R

M I S S L E  L A U N C H E RR A S T

T O W E O

S T E E R I N G

S O N A R

Inboard profiles

Principal characteristics

Payload
Monohull SWATH

Seakeeping
Monohull

LPB (ft) 420 310 584
LOA (ft) 455 380 619
Beam (ft) 49 90 62
Draft (molded, ft) 19 28 18
Lightship (inch margin, LT) 4335 5380 7302
Full load (LT) 5373 7070 9116
Total volume (ft1) 623797 817000 1184651
Sustained speed (knots) 26.6 25.0 26.0
Installed propulsion power (shp) 48500 48500 48500

Weight summary (LT)

Payload Seakeeping
Monohull SWATH Monohull

Weight groups
1 -structure 1834 2365 3782
2-propulsion 474 455 489
3-electric plant 319 337 388
4-command/surveillance 137 159 186
5-aux. systems 652 774 981
G-outfit/fumishings 382 445 610
7-armament 143 143 143

Light ship (inch margin) 4335 5380 7300

Loads
fuel-ship 795 1043 938
fuel-helo 70 70 70
mission loads 67 68 67
misc. loads 106 109 106
solid ballast 0 400 635

Full load 5373 7070 9116

Volume summary (ft*)

Payload
Monohull SWATH

Seakeeping
Monohull

Space groups
1-payload
2-personnel
3-ship support
4-machinery
5-vo ids

84 185 
109 358 
161361 
251 201 

17 692

84 185 
109 358 
242 204 
324 560 
56 693

89 789 
111526 
259 252 
290 248 
433 836

Total volume 623 797 817 000 1 184 651

Eig 2 ,2 Pavload and Seakeeping Equivalent Ships  

(Ref  18)
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(Ref 18)
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2,3 Principal Dimensions

The geometry o f SW ATH and monohull vessels is so very different that direct 

comparisons are difficult to make. The most important differences between the concepts 
are:-

- Length

- Beam

- Draught

- Freeboard

- Deck Area

Com paring vessels o f equal displacem ent, the SWATH will be shorter with a 

greater beam, draught and freeboard than its monohull counterpart. The SW ATH will 

also possess a larger usable deck area than the monohull, although total deck areas will 

probably be roughly equal.

These param eters obviously  effect m any constructional and operational 

characteristics o f the vessel. Considerations of outfit arrangement and operation are 

how ever covered in o ther sections. Here attention is restricted to the effect upon 

interfacing ability which differences in the above parameters introduce. Interfacing 

performance may be measured in terms of the vessels ability to use existing port, repair 

and docking facilities etc.

Comparing vessels of equal displacement, the length of SWATH will generally be 

some 30-40% less than that of the monohull (Ref 26). In practice this has very little 

effect on interfacing ability. Minor advantages may occasionally arise in terms of being 

able to use shorter berths etc. Conversely the beam of SWATH vessels will generally 

be some 60-70%  greater than for m onohulls (Ref 26). This is unlikely to effect 

interfacing ability until such time as SW ATH ship sizes reach the physical limits 

im posed by canals (notably the Panam anian) and that of existing repair facilities. 

Current estimates suggest the maximum size of SWATH able to transit the strategically 

important Panama canal will be around 10,000 Tonnes displacement (Ref 27). This size 

may be increased by distorting the geometry away from the optimum.

Increased draught will limit the number of ports which a large SWATH vessel will 

be able to use, s im ilarly  increased  freeboard  m ay pose problem s when
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loading/unloading at some quaysides. The constraint on freeboard is relatively minor 

however draught restrictions may pose problems in some localities. It is therefore 

recommended that careful consideration be given to any operability limitations imposed 

upon the SW ATH option by increased draught.

Increased useful deck area is central to many of the operational roles for which 

SWATH ships are being proposed. The provision of large areas of uncluttered deck has 

many operational advantages but has no significant effect on the interfacing ability of 

the vessel other than obviously increasing air capability.

2.4 O p e ra tio n  O n b o a rd  System s

On naval vessels these may be subdivided into Surface, Air and Underwater systems:-

Surface systems include weapon and sensor suites together with equipment boat 

and handling gear.

Air support systems comprise helicopter/aircraft handling equipment both on and 

below decks.

Underwater systems consist o f both passive and active sonar devices where fitted.

A lm ost all the above systems operate more efficiently onboard SW ATH vessels 

although exceptions to this rule may possibly exist in case of surface weapon systems.

Concern is often expressed that the high freeboard o f SW ATH may create 

difficulties during 'over the side' boat or equipm ent handling operations. These 

problem s m ust how ever be balanced against the benefits resulting from  reduced 

absolute and relative deck/waterline motion. The U.S. Navy have conducted extensive 

trials on S.S.P. Kaim alino (Ref 14,26) including handling o f a two ton buoy. In 

practice no significant problem s were encountered, indeed on one trial the S.S.P. 

Kaimalino m anaged to recover floating equipm ent from a seaway after a monohull 

some four times its displacement, had consistently failed to do so (Ref 26). Personal 

trials experience onboard a SW ATH fishing vessel (Ref 12) reinforces this. On these 

trials a w averider buoy was launched and recovered in varying sea states without 

difficulty.
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The operation of weapon and sensor suites is the other area over which concern is 

occasionally expressed. W eapon and sensor layouts have evolved to fit 'long thin' 

warships (Ref 26). With SWATH these must be changed to a 'short wide' format. This 

requires care if effectiveness is to be maintained. (Ref 28,29) address the subject of 

combat systems for advanced Naval Vehicles. The U.S. Navy have studied the effect 

of motion on the detection abilities of several radar systems. They conclude that the 

reduced m otion o f SW ATH ships will significantly improve radar performance, 

perhaps to the point where a 2D system mounted on a SWATH will prove equivalent to 

a 3D system on a monohull (Ref 19). This allows reduced cost, increased reliability or 

greater effectiveness.

Reduced m otion coupled with a large usable deck area com bine to make the 

SW ATH ship an ideal contender for m issions requiring air capability. Standard 

helicopter and aircraft handling gear may be utilized onboard SW ATH ships, further 

extending the range of sea states through which air capability may be maintained.

Reduced surge and yaw together with low radiated noise levels, dram atically 

increase the quality of signal received from SWATH towed sonar arrays. Similarly the 

effectiveness of deeply mounted hullborne sonar is increased, due to reduced motion, 

low background noise and the absence o f slamming, aeration and bubble sweepdown.

Outside the field of naval applications, onboard systems are usually confined to 

lifting and boat handling gear. As noted SW ATH ships present no problems in this 

area. In the cruise and ferry industry, the maintenance of passenger comfort may also 

be considered an onboard system. In this area the SWATH ship excels. Low motion 

and large regularly shaped deck areas, together with reduced noise and vibration from 

hull m ounted engine / transmission, greatly improve passenger comfort levels.

2.5 Pavload Fraction

SW ATH vessels have inherently higher structural weight fractions than monohulls. 

The fraction of displacem ent available for payload is therefore correspondingly less. 

Fig 2.2 compiled from Ref 18 illustrates the principal particulars of both monohull and 

SWATH frigates designed to carry equal payload.
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2.6 E n d u ra n c e  / R ange

The endurance o f a SWATH ship is likely to be less than that of a corresponding 

m onohull for the same reason, i.e. the greater structural weight fraction effectively 

reduces the capacity o f a SWATH ship to carry fuel and stores. Greater calm water 

resistance also results in reduced range, although reduced added resistance in waves 

may help to offset this.

2.7 Layout

In contrast with m onohulls, most o f the usable volume in SW ATH vessels is 

concentrated above the water in the cross deck structure. On some large designs the 

engines are situated in the hulls, however in smaller vessels the hull space is generally 

only used for fuel and ballast tankage. Strut volume is often only used for access to the 

hulls.

W hilst this arrangement results in much void space, it does however present the 

designer with a large amount of regularly shaped space, which is easy and therefore 

cheap to outfit. Such a vessel lends itself easily to the highly efficient modularised pre­

outfit techniques utilized by modern shipyards - Fig 2.5. The extreme regularity of 

form  m ay even allow a degree o f outfit module interchangeability between vessels. 

Such flexibility would greatly increase the capability o f a modern fleet or navy, 

drastically reducing refit and repair times, possibly even allowing one vessel to perform 

a num ber o f roles (Ref 19,30).

A more basic demonstration o f the outfitting flexibility afforded by the SWATH 

concept is given by the choice of engine location (on larger vessels):-

On ferries and cruise ships the engines may be sited in the hulls, effectively 

isolating the passengers from noise and vibration. For sonar surveillance and other 

ships where acoustic signature is im portant, the process may be reversed, i.e. the 

engines may be located in the cross deck in order to minimize radiation of underwater 

noise. The choice o f engine location will also effect GM values, hence the seakeeping 

characteristics, and the efficiency of the propulsive drivetrain.
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2.8 P ow ering  R e q u ire m e n ts

SW ATH ships typically possess about 60% greater wetted surface areas than 

monohulls of equal displacement (Ref 26). Frictional resistance is therefore higher. 

W avem aking resistance is roughly equal for equivalent sized vessels, however it is 

possible to optimize the geometry of the lower hullfonns to minimize this component 

(Ref 31). The total resistance in calm water is therefore usually greater for SWATH 

ships, however with careful design the resistance may be significantly reduced to levels 

close or equal to monohull values (Ref 31,32). Table 2.1 indicates the sensitivity of 

resistance to hull shape.

Although the SWATH ship has greater calm water resistance the hullform geometry 

provides ample opportunity to optimize wave making resistance for a given speed as 

illustrated in Fig 2.6. In addition the added resistance component due to waves is 

significantly less for SW ATH vessels (Ref 33). This feature may result in a vessel 

whose total resistance in waves is less than that of monohull equivalents (Ref 34).

W indage and wind resistance are both greater for SWATH vessels of normal form 

than for equivalent sized monohulls.

W hen mission and operational profile considerations are included, it may be seen 

that the powering requirements of equivalent sized SWATH and monohull vessels are, 

overall broadly similar. For missions where seakeeping considerations dictate the size 

o f vessel, it will be noted that the smaller mission equivalent SWATH requires less 

power than a monohull designed for the same role (Ref 35).

h 2  Q qsI

This element may be broken down into at least three groups

- Design

- Construction

- Operation

Due to the novelty presently attached to the concept, design costs will usually be 

greater for a SW ATH vessel. Some uncertainties still exist regarding environmental
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loading on the vessel and the transfer of stress throughout the structure. It is however 

anticipated that as knowledge of, and confidence in, the concept increase, the 

differential between monohull and SW ATH design costs will decrease. Indeed it is 

possible that the regular shapes present in SWATH geometry will ultimately aid detailed 

design o f outfit, so reducing overall design costs.

Construction costs for SW ATH vessels are currently higher than for monohulls. 

This is largely due to the greater surface area and hence material and welding that are 

required. However it must be remembered that for missions where size is dictated by 

seakeeping, an "equivalent" SW ATH will be considerably smaller than its monohull 

counterpart. An "equivalent" SW ATH may therefore require less m aterial, less 

fabrication, smaller engines etc. In addition the regular geometry of SWATH forms 

presents m any opportunities to increase build efficiency including the adoption of 

automated panel line techniques. These factors may combine to reduce SWATH build 

costs to the same level or less, than those of an "equivalent" monohull. Olson (Ref 19) 

suggests that build costs for mission equivalent vessels are already within 5-10 %, with 

even smaller differences in the life cycle costs.

Increased calm water resistance combined with higher maintenance costs resulting 

from duplicated equipm ent will result in greater operational costs for a SW ATH of 

equal length or displacem ent to a monohull. However as noted, a mission equivalent 

SW ATH may be considerably smaller than the monohull. This factor combined with 

reduced (relative to m onohulls) added resistance, may reduce operating costs for 

SWATH ships to the same levels or less than those of mission equivalent monohulls.

2.10 Rel iabil ity

Reliability must be assessed using perceived relative values relating to both hull 

structure and m achinery. Ow ing to the novelty of the concept and rem aining 

uncertainties surrounding the structural design o f SW ATH ships, the perceived 

reliability o f SW ATH structures is less than for monohulls. In this context 'structural 

perform ance' m ust be considered. This param eter is unseen and therefore often 

forgotten , how ever its effect upon build and life cycle costs should not be 

underestim ated. M eyerhoff (Ref 38) offers a concise review of SWATH structural 

aspects while Chapter 5 of this thesis investigates the predominant wave loads acting.

In contrast the perceived reliability of machinery on SWATH ships is greater due to the 

increased duplication of systems required onboard such vessels.
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2,11 Habitability

Habitability is improved onboard SWATH vessels compared to monohulls. Motion 

is reduced, decks tire drier, noise and vibration are often less where the engines are 

located in the hulls.

2.12 M otion  C on tro l

One of the inherent disadvantages of low waterplane area is that small changes in 

displacement produce large changes in draught. As a result more extensive ballasting 

systems tire required on SWATH vessels. The inclusion of counter flooding systems is 

also of greater priority on SWATH ships.

In addition some means of controlling pitch whilst underway is required. The 

aerodynamic phenomenon resulting in pitching moments on airships was first observed 

by Munk in 1924 (Ref 39). Chapman (Ref 40) then noted the phenomenon manifest 

itself as a bow down pitch moment on SW ATH ships at speed in 1974. The now 

fam iliar "Munk moment" must be counteracted by fixed or active control fins (Ref 

41,42). Almost all SWATH vessels built to date are fitted with such fins which are 

usually mounted between the hulls at the stem.

Provision of any control surface and mechanism obviously increases cost, however 

this increase may be offset by the increased build cost of a potentially larger mission 

equivalent monohull. Increased com plexity is never desirable, but despite doubts 

concerning the consequences o f control system  failure, the experiences o f those 

operating the Japanese vessels M arine Ace, Seagull, Kohtozaki, Ohtori and Kaiyo 

should be considered. These vessels are fitted with rudimentary control systems only, 

yet all have been, and are still operating without problems (Ref 5,11,17).

2.13 Survivabili ty

Survivability may be considered in two parts:-

- Signature

- Resilience to attack
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Signature may be further subdivided into:-

- Infra Red

- Acoustic

- Radar

The infra red signatures of SWATH and monohull vessels are largely similar. 

Locating the engines in the hulls o f SWATH ships may slightly reduce the infra red 

signature, however locating the engines in the above water cross deck will greatly 

reduce the acoustic signature. This reduction is potentially extremely useful, particularly 

for sonar surveillance vessels. The reduction in self generated background noise 

significantly enhances the performance of both hull mounted and towed sonar arrays.

Radar signatures of SWATH vessels are likely to be greater than those of equivalent 

sized m onohulls. High freeboard and regular "boxy" shapes readily reflect radar 

waves. It must be remembered however that mission equivalent SWATH's are likely to 

be considerably smaller than their monohull counterparts. These smaller ships may then 

possess radar signatures equal or less than the mission equivalent monohull.

A vessels resilience or ability to withstand attack depends on many factors. One of 

the key factors is the separation and duplication of onboard systems. This is necessary 

to ensure that the ship is not crippled by one relatively small strike in a critical area. 

SW ATH vessels inherently  possess large reserves o f system  redundancy and 

duplication. One of a SW ATH ships most im portant assets is the provision of two 

independent propulsion and manoeuvring systems, located on opposite sides o f the 

vessel. In an emergency / survival situation the ship may therefore be operated as 

effectively  two parts albeit with greatly reduced m obility  and m anoeuvring 

performance. A small monohull may be completely disabled by one strike on the engine 

room or steering gear. It is almost impossible to conceive of a scenario where one strike 

would produce the same effect on a SWATH ship.

Damage resistance to strikes by missile,torpedo and mine is therefore likely to be 

better for SWATH vessels than for monohulls. This is due to redundancy /  duplication

and the remote locations of personnel and systems.

26



2 . 1 4  S t a b i l i t y

Transverse stability of SWATH vessels is excellent, due to the large transverse 

separation of waterplane areas and the great increase in immersed volume, and hence 

righting moment, that results from immersion of the haunch and box structure (Ref 9). 

Concern is often expressed regarding the damage stability characteristics of SWATH 

ships. Low waterplane area does result in rapid initial heeling/trimming upon flooding, 

however subsequent immersion of the cross deck structure arrests these trends quite 

satisfactorily. Counter flooding may effectively be used to return the vessel to an even 

keel. The effects of flooding upon the stability characteristics of SWATH vessels have 

now been well studied by analytical and experimental means (Ref 43-45). Chapter 3 

indicates there is no cause for concern regarding the damage stability o f SWATH 

vessels. Indeed it seems likely that SW ATH ships possess survivability which is at 

least equal to that of monohulls.

It is important to note that SWATH ships may not meet existing stability criteria, 

particularly those relating to initial heeling. This is a consequence of the criteria being 

developed exclusively for monohull ships. It does not necessarily mean that SWATH 

vessels suffer inferior stability or damage stability characteristics, merely that these 

characteristics are different. This need not be a problem but is a feature o ff which the 

designer should be aware.

2.15 Manoeuvrabili ty

Concern has often been expressed regarding the m anoeuvrability o f SW ATH 

vessels. The long streamlined hulls and struts combine to form a very directionally 

stable system. This stability combined with problems of rudder location has in the past 

given rise to fears of unmanoeuvrable vessels.

Chapter 4 o f this thesis addresses SW ATH m anoeuvring. In addition many 

experim ents have been perform ed at DTNSRDC (R ef 46-51) to investigate the 

problem. Based on the results of these studies, there is no undue cause for concern. 

SW ATH vessels can possess turning performance equivalent to comparable monohulls 

(Ref 51), together with excellent slow speed m anoeuvring capabilities due to the 

availability of large amounts of differential thrust from widely spaced propellers. 

SW ATH's also offer the possibility of providing quite exceptional stationkeeping and 

docking performance by linking main and thruster power to an active control system.
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2,16 Conclusions

The preceding pages are intended to highlight the range and extent of the variations 
existing in SW A T H /m onohull design and operability characteristics. It will be noted 
that the principal advantages / disadvantages of the SW ATH concept are now 
recognized and therefore no longer in dispute. Consequently attention may now be 
directed towards previously neglected aspects of the design and towards establishing a 
measure o f the concepts overall performance relative to that of monohull counterparts.

On this basis chapters 3, 4 and 5 of the thesis describe studies aimed at improving 
our understanding of the less 'fashionable', although no less fundamental subjects of 
SW ATH damage stability, m anoeuvring and wave induced global loading. These 
design aspects were selected for investigation after a preliminary review highlighted 
shortfalls in the availability and reliability of relevant information.

Finally chapter 6 outlines a m ethod for the overall mission based evaluation of 
alternative m onohull and SWATH designs, in an attempt to provide guidance for the 
designer engaged in selecting hullforms for a given role.
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CHAPTER 3

D A M A G E  S T A B I L I T Y

3.1 Introduction

One of the greatest drawbacks associated with SWATH vessels is their inherent 

sensitiv ity  to changes in w eight or flooding. This is unfortunately a natural 

consequence of low waterplane area and an unavoidable limitation of the concept.

Despite this sensitivity surprisingly little work has been published in the field of 

SW ATH damage stability. Betts (Ref 1) highlighted the oversight in 1988, however 

regardless of prompting little has been published since then.

Papanikolau et al (Ref 2) and Nehrling (Ref 3) describe theoretical and experimental 

studies in SWATH stability in papers presented at STAB'90 - The Fourth International 

Conference on the Stability of Ships and Ocean Vehicles. The study described here was 

also presented at that conference in September 1990 (Ref 4). In addition Goldberg and 

Tucker (Ref 5,6) offer stability and buoyancy criteria designed to ensure that SWATH 

ships possess damage stability equivalent to a monohull.

These few references represent the full extent of currently available information on 

the topic. W ith these exceptions published information on SW ATH damage stability is 

restricted to brief observations in scattered sources.

3.2 Aims and Objectives

It is clearly desirable to include consideration of a vessels ability to survive damage 

when evaluating design proposals. Conventional damage stability software packages 

capable o f handling the novel geometry of the SWATH form are available however all 

existing program s require detailed design information and are both time and labour 

intensive. W hen the Naval Architect is faced with the task of evaluating large numbers 

o f alternative design proposals for a given vessel, the value o f a tool providing fast, 

first estimates of damage stability becomes clear. Ideally, such a tool should be quick to 

use and require only preliminary design data.
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This chapter describes the creation of such a design tool and its development from 

parametric study through to completed design program. The program enables the user 

to quickly and easily assess the damage stability characteristics of Small W aterplane 

Area Twin Hull (SWATH) ships at the preliminary design stage.

The chapter also seeks to demonstrate that SWATH vessels possess acceptable 

damage stability characteristics and to reassure potential SWATH ship operators that 

survivability for SW ATH vessels is likely to be at least com parable to that for 

monohulls.

3.3 Approach Adopted

3.3.1 The Parametric Study

In order to provide such a capability the links between design geometry and 

survivability must be explored and relationships between the two established. To this 

end, a parametric study was selected as the most suitable vehicle for the first part of the 

work. Results from this study were then analysed and mathematically defined to allow 

the construction of a program which predicts damaged behaviour at the earliest stages 

o f the design process.

The first stage was to create a 'family' of SW ATH vessels, that is, vessels whose 

principal dimensions and geometrical proportions are closely related. These vessels are 

not geosims in the true sense but share the same basic proportions for the main design 

variables : for instance, hull/strut length ratios, strut setback, nose and tail run-in, run­

out etc. The com puter program 'DESIN' (Ref 7) was used to synthesize this family of 

ships for five displacem ents in the range 1000 to 5000 tonnes. It is felt that this 

displacement range covers most likely SWATH newbuildings in the foreseeable future.

Simple circular hulls with elliptical noses and paraboloidal tails were chosen for all 

five designs. All designs had 'short' struts (80% of hull length) supporting a standard 

cross structure o f depth equal to one deck plus structure. The length o f the cross 

structure was equal to that of the struts without any overhang forward or aft. A linear 

sheer was incorporated into the wet deck (the underside o f the box) over the forward 

25% of its length. Fig 3.1 shows a typical bodyplan for a vessel in the study. The 

resulting designs are the most basic SWATH forms likely to be considered in practice. 

Their main attribute is simplicity of construction, and the coincidence of longitudinal
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centres o f buoyancy and gravity afforded by the short single strut arrangement. This is 

desirable in reducing coupled heave and pitch motions. The final reason for their 

selection was to maintain continuity with existing work utilizing the same hullforms 
(Ref 8).

F ig  3.1  T y p ic a l  B od vp lan  D ra w in g  for  a V esse l In the S tu d y

For each displacement, vessels were created with one of two different box clearance 

values and one o f three different com partm ent lengths. The values of box clearance 

chosen w ere selected to correspond with values proposed by Lamb in 1987 for 

contouring and platform ing modes o f operation for SW ATH vessels (Ref 9). These 

values form  the upper and lower ends o f the range of feasible wet deck/w aterline 

clearances. All vessels were idealised to have uniform bulkhead spacing and therefore 

equal com partm ent spacing throughout their length. This sim plifying assum ption, 

whilst clearly unrealistic was made in order to reveal trends and patterns in the results 

which m ight otherwise have remained hidden.

Bulkhead spacings of 6.25%, 8.33% and 12.5% of the vessels length were selected 

for all designs. These values were selected after careful consideration o f current 

SW ATH design subdivision practice. The percentage values chosen gave compartments 

o f length approxim ating to the upper, lower and intermediate values o f compartment 

length currently considered suitable by contemporary SWATH designers.

The only rem aining 'ship' variable considered was operating draught. For each 

design displacem ent flooded stability calculations were carried out at three draughts, 

corresponding to design displacement and design displacem ent +/- 5%. The resulting 

range o f 10 % design displacem ent, w hilst low by conventional standards, was 

considered sufficiently large to cover the operating envelope of most SWATH vessels.
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It is recognized that many other parameters have a significant effect on the damaged 

stability of SWATH vessels. However, it must be appreciated that for reasons of sheer 

logistics, the number of variables must be kept low since in a study of this kind, each 

additional variable has a multiplying effect on the size of the study.

V ariations in KG, the vertical height of the vessels centre o f gravity, were 

additionally investigated by means o f a separate param etric sub-study. This was 

undertaken after the main study was complete. The results from the sub-study were 

then developed in the form of correction factors. The format for the sub study was 

identical to that of the main study, but utilized far fewer design variables.

Table 3.1 gives the main dimensions of vessels used in the investigation while 

Fig 3.2 illustrates the main parametric study outline.

Outline for the Param etric  Study

BHD
SPACING

BHD
SPACING

BHD
SPACING

BHD
SPACING

BHD
SPACING

BHD
SPACING

DISPLACEMENT 1

BOX
CLEARANCE

BOX
CLEARANCE

D-DRAUGHT

D e s i g n  Ll ariables  f o r  Each D i s p l a c e m e n t

Fie 3*2
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Once the variables associated with the ship were determined, attention was focussed 

on suitable dam age scenarios. For each bulkhead spacing, com partm ents were 

successively flooded singly and in pairs, fore, aft and amidships, port and starboard
U or i \  o I

around the vessel. In keeping with U.S. Navy practice (Ref 8) no^vortred  subdivision 

was incorporated. The vessel was therefore free to flood up to the main (bulkhead) 

deck. Transverse flooding to the longitudinal centreline was assumed. In addition a 

standard flooding perm eability value of 0.95 was selected for all compartm ents. 

Although it is generally accepted that these assumptions are unrealistic, they do provide 

a useful degree o f conservatism  in the results. It is therefore considered that the 

resulting ten flooding conditions represent most foreseeable damage conditions which a 

vessel may reasonably be expected to survive.

These variables were selected because they were considered the most fundamental. 

They provide a sound foundation around which the study can be later expanded to 

consider the effects of variations in many other parameters. The main parametric study 

was thus established with five variables and a final total of some 900 permutations.

3.3.2 Calculation and Analysis  Procedure

A parametric study of this nature is constrained by its very size to be computer 

based. Several comm ercial damage stability packages were considered for the task, 

including SIKOBS, SFOLDS and the U niversity o f Southam pton's W olfson Unit 

programs. In the end the W olfson Unit software was selected, primarily because of its 

availability and perceived user- friendliness.

W olfson software was used to calculate the effect of the ten different flooding 

scenarios on each o f the ninety combinations of vessel design features. The resulting 

mass of 'raw' damage stability data was processed and analysed exhaustively using 

micro computer based spreadsheet and graphics packages. Heel and trim were plotted 

against flooding extent for every com bination o f flooding location. Equilibrium  

draughts, changes in draught, maximum GZ values after flooding, and areas under two 

sections of the flooded GZ curves were also plotted against combinations of flooding 

location, extent and operating displacement. Complete GZ curves were plotted for all 

damage cases and the results overlaid to display trends of flooded behaviour.

After careful study of a 'testcase' vessel the Five quantities; heel, trim, maximum 

GZ and area under the GZ curve for the two regions 0-45 degrees and 0-20 degrees
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were selected to represent and define a vessels response to flooding.

For every combination of design parameter and flooding scenario, plots of these 

five values against flooding extent were prepared. The resulting curves were then 

mathematically defined using regression routines and the polynomial coefficients of the 

equations thus produced were stored. It is these equations which form the database 

which allowed construction of the Hooded Stability Estimation Program "FSEP1" .

Full results are presented in Appendix A in the form of these equations.

3.4 Discussion of  Damaged Stability

The testcase vessel selected had a design displacement of 4000 tonnes and a wet 

deck/waterline clearance of 3.48 m corresponding to the lower bound for a contouring 

mode o f operation. This ship was selected arbitrarily for no other reason than that its 

combination o f geometrical parameters combined to produce a vessel of fairly realistic 

proportions. Some results from the analysis of this vessel are presented here together 

with some brief general observations on the trends exhibited in the study overall.

3.4.1 Effect of  Increasing Flooding Extent

Effect on GZ curves : For asymmetric flooding the GZ curve is shifted 'fwd and down' 

as expected - Fig 3.3-3.5. However, for symmetrical flooding resulting in trim alone 

we find that the righting lever GZ opposing forced heeling actually increases with 

flooding for initial heel angles - Fig 3.6 and 3.7. This is due to early immersion of the 

haunch and cross deck structure caused by the flooding induced trim. The subsequent 

rise in waterplane area increases stability and hence raises GZ. Above 25 degrees heel 

this immersion is relatively constant for all cases regardless of initial trim, GZ therefore 

reduces with flooding as expected. It may be seen from  the curves that flooding 

forward produces greater changes in GZ than flooding aft. This phenomenon is due to 

the greater volume/length ratios of the forward compartments and to the presence of 

sheer on the forward wet deck. These factors combine to increase the heeling/trimming 

moment and reduce the restoring moment produced by immersion of the cross deck. 

Indeed it will be noted that results are unavailable for 25% symm etrical flooding 

forward. It seems likely that the excessive trim induced pushed the problem outwith the 

W olfson Unit program's limit of operation.
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Effect on Heel and Trim : Heel and trim increase almost linearly with flooding extent 

for all flooding cases. Flooding forward or aft results in much smaller heel angles than 

damage amidships, since the accompanying trim tends to immerse the cross deck and 

increase stability. Flooding forward results in values of heel and trim which are slightly 

higher than those resulting from equivalent damage aft. This is due to the increased 

volume of the forw ard com partm ents and the presence of sheer on the wet deck 

reducing restoring forces for a given inclination. Slight trimming was observed for 

flooding amidships. This is most probably due to slight shifts in the relative positions 

of the longitudinal centres of flotadon, buoyancy and gravity - Fig 3.8 and 3.9

Effect on Max GZ : Increasing the extent of flooding reduces the maximum value of the 

righting lever GZ possessed by the dam aged vessels. This is most noticeable for 

asymm etric flooding amidships when the reduction is almost linear with increased 

flooding. W hen damage occurs towards the ends of the ship the onset of the reduction 

is delayed.This is due to immersion of the cross structure caused by trim - Fig 3.10.

Effect on Area under the GZ Curve : The energy required to heel a damaged vessel to a 

given angle is represented by the area under the GZ curve. This area was found to 

decrease with flooding as anticipated - Fig 3.11. As for maximum GZ the reduction 

was again greatest for asymmetric damage amidships, while trim induced immersion of 

the cross structure delayed the onset of the reduction where damage occurred at the 

vessels extremities. This immersion is particularly significant for symmetrical flooding. 

Indeed it was discovered that area under the GZ curve in the region 0-20 degrees was 

actually increased rather than decreased for these cases - Fig 3.12.

3.4.2 Effect of  Increasing Operating Displacement

Effect on GZ curves : Increasing operating displacem ent i.e. draught, results in a 

general 'fwd and down' shift o f the GZ curve. The shape o f the curve rem ains 

relatively constant in the 10% displacement range studied, while maximum GZ values 

reduce by approx 6% on average over this range. Fig 3 .1 3 -3 .1 7  illustrate this.

Effect on Heel and Trim  : Equilibrium values of heel and trim reached after damage 

vary non uniformly with changes in operating draught. Increasing draught may increase 

or decrease heel and trim depending on the extent and location of flooding. This erratic 

behaviour is due to variations in imm ersion of the cross deck, resulting from the 

coupled effects of heel and trim combined with initial draught. In general for pure heel 

and pure trim, increasing draught reduces the equilibrium angle reached as more o f the
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cross deck is immersed for a given inclination. The variations noted are illustrated in 

Figs 3.18 - 3.25.

Effect on Area under the GZ Curve : In general increasing operating draught results in 

an almost linear reduction in area under the curve. However in the case of asymmetric 

flooding amidships the area under the first part (0-20 degrees) increases with small 

amounts of flooding. This is again due to earlier immersion of the cross deck structure 

increasing stability. For greater damage extents and larger forced heel angles (above 20 

degrees), this immersion is relatively constant regardless of initial operating draught. 

Figs 3.26 - 3.35 illustrate the behaviour observed.

3.4.3 Effect of  Increasing Design Displacement

Heel and trim resulting from damage both increase with increasing vessel size. This 

phenomenon is due to the volume of flooding and hence the heeling/trimming moment 

increasing at a faster rate than does the restoring moment. Since the vessels in the study 

were not true geosims the ratio of (waterplane area * beam) / enclosed volume does not 

remain constant with increasing size. Simple calculations verify this explanation while 

Fig 3.36 and 3.37 illustrate the phenomenon.

N.B. Only 3 displacem ents are shown for clarity. In Fig 3.36 no heel is shown for 

25% flooding of the 1000 tonne design. It appears that this scenario resulted in a 

condition outwith the Wolfson Unit programs limit of operation.

M aximum GZ and area under the GZ curve both decrease as normal with increasing 

design displacement although the total righting moment (Displacement * GZ) naturally 

increases. Flooding effects on max GZ and area the GZ curve are relatively unaltered 

by changes in displacement.

3.4.4 Effect o f  Increasing Box Clearance

Increasing box clearance results in later imm ersion of the cross structure, this 

effectively increases equilibrium heel and trim for a given flooding condition. In general 

maximum  GZ values are increased although the total area under the curve is always 

reduced.

For small vessels with low box clearances, small amounts of flooding immerse the 

cross deck structure increasing the maximum values of GZ experienced. In these cases
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increasing box clearance reduces immersion of the cross deck structure and therefore 

reduces the maximum values of GZ opposing forced heeling.

For more extensive flooding, the equilibrium angle of heel is sufficient to immerse 

the cross deck structure for both high and low box clearance designs. For these cases 

vessels designed with high wet deck /  waterline clearances ultimately demonstrate the 

greatest resistance to heeling, i.e. the largest GZ's.

The extent of flooding at which this change in behaviour occurs reduces with 

increasing design displacement. This is most probably due to the rise in heel associated 

with increasing design displacement. Note:- For vessels of design displacement greater 

than 3000 tonnes, increasing box clearance increases maximum GZ for all flooding 

extents.

Figs 3.38 - 3.40 Illustrate the effect of box clearance on the max GZ values attained.

3.4.5 Effect of  Increasing KG

Variations in the position of the vertical centre of gravity were not investigated in 

the main parametric study for logistical reasons. The parameter was however deemed 

sufficiently important that a limited sub study was undertaken to evaluate its influence. 

Preliminary investigation based upon a restricted data set indicates the following trends.

Increasing the height of the vertical centre o f gravity 5% above the design value 

used in the main study produces the following effects:-

Equilibrium Heel angle Increases 10%

Equilibrium Trim angle Increases 2%

Maximum GZ value Decreases 5%

Area under GZ curve (0-45degrees) Decreases 5%

Area under GZ curve (0-20degrees) Decreases 11%

Similarly reducing the KG by 5% has an equal and opposite effect upon the results.

It must be stressed that these results were obtained from limited analysis on a very 

restricted data set. They are therefore offered for guidance only and should be applied 

with caution.
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3.4.6 S u m m a ry  a n d  S u rv iv ab ility  C o n sid e ra tio n s

It becomes immediately obvious that the size and shape of the vessel's haunches

i.e. wet deck /  strut interface, are of major importance to the way the vessel responds 
once damaged.

In the case o f symmetrical flooding fore and aft it was discovered that stability 

actually increased with flooding. This is due to immersion of the haunch and wet deck 

induced by the trim. The resulting increase in waterplane area provides sufficient 

additional stability to counteract the negative influence of flooding.

Since asymm etric flooding in these locations leads to rapid loss o f stability, 

developm ent of fast counter flooding measures m ust assume a high priority for 

designers.

W hilst many of the trends observed in the results were intuitively anticipated their 

verification is not without value. Similarly the value of demonstrating probable post 

flooding magnitudes for heel, trim etc. should not be underestimated.

Some representative flooded stability results for a 4000 tonne SW ATH ship are 

p resen ted  in Table 3.2. The values shown in this table confirm  the excellent 

"survivability" o f the SW ATH concept while Fig 3.41 illustrates some damaged 

waterlines in an effort to demonstrate the physical significance of the values given.

HFF.I. Decrees
P ort ♦ S tb Art Port * Stb Fw d S tb  Only A n S tb Only Fwd Stb  A m idships

F looding Extent
<.25* 0 0 0.665 1 j636 9.74
833* 0 0 137 2751 11.271
1230* 0 0 3.75 5344 14.412
16.W% 0 0 6.19 7331 16.236

25* 0 0 10.71 11308 20.309

TRIM Decrees
P o rt ♦ S tb  A n Port * S tb  Fw d S tb  O nly AD S tb  Only Fw d Stb  A m idships

F looding Extent
< -2 5 * 0.946 2.183 0.475 1/087 0049
8 3 3 * isn 3326 0.936 1.798 0012
1230* 4327 6/432 2485 3351 -0095
M -M * 6.911 8.481 4.132 4899 -0.141

25* 10.826 1239 6.17 7.167 -0301

Max GZ Metres
P o rt ♦ S tb A n P ort ♦ S ib  Fw d S ib  Only Art S tb Only Fwd Stb A m idships

F looding Extent
<.25* 7.421 7.342 7/42 7342 6897

833* 7/434 7.295 7.434 7294 6633
12.50* 7387 6.944 7.388 6.913 6313
l<-<6* 686 627 6825 6.199 5.741

25* 4862 3808 4854 4.101 4 25

Table 3.2 Selectert FiorwlrH Stability  Results for the 4000 tonne Testcase VesscL
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SOM - STB ONLY AMIDSHIPS

Undamaged W aterline

ILLUSTRATION SHOWING DAMAGED W ATERLINES CORRESPONDING 
TO  25%  FLOODING EXTENT AT THE LOCATIONS INDICATED

Current US Navy stability and buoyancy criteria for advanced marine vehicles 

(Ref 8) identify the principal constraints on SWATH survivability to bc:-

1. M aximum initial heel after flooding of not more than 20 degrees

2. The main deck edge remains above water at all points

The vessel analysed was found to just exceed the first criteria for 25% flooding 

amidships. In addition the large trim caused by extreme flooding at the vessels ends 

was found to slightly immerse the main deck as illustrated in Fig 3.41. This immersion 

was however only slight and the results should perhaps be put in perspective by stating 

that they resulted from an extreme flooding condition 25% of the vessels length 

flooded with 95% permeability. Such a extreme condition is highly unlikely ever to 

occur in service.

It should be noted that the testcase vessel was a 'low' box clearance design. 

Equivalent flooding in a 'high' clearance design will result in greater initial heel but 

drier decks.

Based on this analysis it appears that the greatest threat to the survivability o f a 

dam aged SW A TH  vessel is damage to structure and superstructure caused by 

unforeseen green sea loads. Careful consideration should therefore be given to the 

possibility o f  these loads when designing SW ATH vessels. Other logical priorities for 

designers in the field include the development o f fast counter flooding techniques in an 

attempt to combat initial heel and trim.

W hilst the above results are valuable, undoubtedly the greatest benefit of the study 

stems from the provision o f a large database of SWATH damage stability information. 

It is this database which subsequently allowed the construction of the Flooded Stability 

Estim ation Program  ’FSE Pl'.
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±Li3. F§EP1 - A—Flooded Stability Estimation Program

3.5.1 Structure of 'FSEP1'

FSEP1 is the first stage of a program which allows estimation o f a SWATH 

vessel s flooded stability at the preliminary design stage. That is only basic geometry 
details are used in the evaluation.

The program  requires the user to input for his design, operating displacement, wet 

deck/w aterline clearance, location and extent of flooding as a percentage o f vessel 
length.

Given this information 'FSEP1' will estimate the likely angles of heel and trim after 

flooding and produce probable values of Max GZ and the area under the GZ curve for 

the two regions 0-45 and 0-20 degrees.

Essentially 'FSE Pl' relies on an iterative interpolation technique to produce results. 

The program  searches an extensive database for values bounding the required input 

condition. Using the polynomial coefficients contained in this database the program 

calculates values for the bounding conditions and interpolates between these to find 

values for the design condition. This process is repeated in a 'nested' fashion until 

finally output is produced for the required input condition.

3.5.2 V alidation o f  'FSE P l'

Results from the program have been checked against actual flooded stability data at 

three levels :-

Level 1 - For the first stage of the validation process flooded stability calculations 

were perform ed for ship files which were already defined , that is using designs which 

were utilized in the construction of the 'FSE Pl' database. This effectively fixed box 

clearance and limited operating displacement to within +/- 5% . Flooding extent was of 

course fully variable within the 0-25 % program range. Fourteen flooding combinations 

were evaluated at this level and the results compared with those from FSEPl . These 

comparisons are presented in Tables 3.3 and 3.4.
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Level 2 - The second level of validation again utilized existing ship definitions 

which this time were uniformly 'distorted' within the computer to give vessels of 

interm ediate displacem ents whilst still retaining 'family' proportions for the main 

dimensions. This allowed investigation of larger changes in displacement whilst still 

retaining a relatively fixed box clearance (either an upper or a lower bound value). 

Eighteen flooding combinations were evaluated and the results compared witii those 
from 'F S E P l' - Tables 3.5 - 3.7.

Level 3 - The existing ship definitions were distorted uniformly in the horizontal 

and longitudinal directions but not in the vertical. The influence of varying box 

clearance on the accuracy of 'FSE Pl' 's predictions could then be assessed. At this 

level it is possible to investigate fairly large changes in all input parameters whilst still 

rem aining loosely within the envelope of 'family' proportions. Twenty four flooding 

com binations were evaluated and the results compared with those from 'F S E P l' as 

shown in Table 3.8 - 3.10.

At the first level of validation the predictions made by the program match closely the 

values calculated by the commercial software. Maximum errors are 0.4 degrees for 

heel, 1.35 degrees for trim and 0.1 metres in the estimation of maximum GZ. Areas 

under the GZ curve were calculated to within 0.125 MetreRadians (m rad) in all cases. 

It should be noted that the maximum error of 1.35 degrees for trim is unrepresentative. 

The next largest trim error is 0.53 degrees.

Com parison o f calculated and estimated values at the second level o f validation 

show sim ilar good agreement. Maximum errors experienced were 1.5 degrees in heel 

and 0.6 degrees in trim. Maximum GZ was estimated to within 0.45 metres in all cases 

and areas under the GZ curve were estimated to within 0.604 m rad. Once again it 

should be noted that the 0.604 m rad figure is unrepresentative - the next highest error 

being 0.204 m rad.

As expected the errors experienced at the third validation level were slightly larger. 

M axim um  errors were however still only of the order o f 2 degrees for both heel and 

trim  values whilst the maximum error in predicting maximum GZ was 0.7 metres. 

Interestingly the estimates of area under the GZ curve show rather better agreement 

with calculated values than do those at the second validation level. This tends to 

reinforce the view that 0.604 m rad is unrepresentative of error at the second level 

validation.
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The program  appears to perform  worst when estim ating trim for flooding 

amidships. This shortfall is most likely due to poor representation of the interaction 

between the longitudinal centres of gravity and buoyancy.

Overall the figures produced are encouraging, however it must be remembered that 

all three validation levels utilized ships from the same 'family' of designs. Once outside 

the envelope of 'family' proportions it can be expected that the error figures will rise 

substantially. Despite this it is anticipated that with a little flexibility on the part of the 

user, the program  will give meaningful results for vessels of geometry quite far 

rem oved from the 'family' tested here.

The program is sufficiently accurate for the intended preliminary design stage.

3.5.3 Extension of  'FSEPl'

W ith 'F S E P l' valuable foundations for a com puter aided dam age stability 

estimation tool have been laid. The program should be regarded as a first stage in the 

development of computer assisted damage stability estimation for SWATH vessels.

Since the value of the program is linked directly to the size of the database, further 

studies on the effect of beam, strut flare and internal subdivision would all be extremely 

beneficial. Extension of the program to consider such additional design information 

should be readily possible leading to the development of a sophisticated design tool. As 

previously noted a limited investigation into the effects of varying KG has already been 

undertaken. Results from  this investigation may be applied directly to 'F S E P l' 

predictions, or they may be incorporated within the programs iterative loop structure. 

This has already been done to effectively create 'F S E P 2 ', however to date this second 

stage in the programs development remains unvalidated.

Expansion would best be tackled using commercial damage stability software 

m ounted on a mainframe computer. Alternatively customized or tailor made software 

should be specially created to produce the required results quickly and easily.
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3.6 C o n clu sio n s

The project aim ed to establish links between survivability and vessel geom etry and 

to utilize this inform ation by constructing a program  to estim ate dam age stability using 

only prelim inary design information.

Through an extensive param etric study, the dam aged stability characteristics o f 

SW ATH vessels have been investigated. Com plete dam age stability calculations have 

been perform ed for 900 combinations o f initial ship condition and flooding scenario.

Results from  these calculations have been processed and analysed exhaustively. 

The data obtained  illustrates the dom inance o f  cross structure effects on SW A TH  

damage stability. O verall the results confirm ed w hat was intuitively expected, initial 

flooding leads to rap id  heeling/trim ing which eases upon the im m ersion o f the cross 

deck structure and the subsequent m assive rise in w aterplane area and hence stability. 

From  the data co llected  to date it appears that SW A TH  vessels possess acceptable 

dam aged stab ility  characteristics, and indeed  surv ivab ility  w hich is likely  to be 

u ltim ately superior to that o f  an equ ivalen t m onohull. It should  be noted  that the 

maximum  angle o f  heel attained by the testcase vessel was only fractionally greater than 

20 degrees. This corresponded to asym m etric flooding am idships o f extent equal to 25 

% o f the vessels length. C learly this is an extrem e dam age condition and one which 

very few  conventional m onohull vessels could hope to survive.

U sing the database created, a program  has been developed which allows the user to 

estim ate at the prelim inary  design stage, a vessels ability to survive in the event o f it 

sustaining dam age leading to partial flooding. This program  has been validated, using 

flooded stab ility  resu lts  ca lcu la ted  using  com m ercial so ftw are, fo r a varie ty  o f  

combinations o f  design param eter.

In addition a lim ited  investigation  into the effects o f  varying the height o f the 

vessels centre o f  gravity has been perform ed. Results from  this investigation have been 

incorporated in the above program.

This p ro ject w as in tended to provide the foundations for a com puter augm ented 

damage stability estim ation tool for SW A TH  vessels. W ith the creation and validation 

of 'F S E P l' and 'FSEP2' this aim  has been accom plished.
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CH APTER 4

M A N O E U V R I N G

4.1 In trod u ction

Since the advent o f  the Sm all W aterplane Area Twin H ull concept, considerable 

effort has been directed  tow ards im proving our understanding o f the hydrodynam ic 

forces and m om ents acting upon such hullforms. Since the prim ary reason for the very 

existence o f SW A TH  ships is their excellent seakeeping perform ance, it is perhaps not 

surprising that m ost o f this effort has been aim ed at predicting and quantify ing ship 

motions in a seaw ay. M any thousands o f hours of research and com putational tim e 

have been spent developing and continuously refining m athem atical tools aim ed at the 

p red iction  and  ev a lu a tio n  o f SW A T H  seakeep ing  and hydrodynam ic  load ing .

In contrast rela tive ly  little effort has been devoted to the study, p red iction  and 

control o f  SW A T H  ship m otion in the horizontal plane; i.e. their m anoeuvring  

characteristics.

4.2 A im s and O b jectives

The objectives for this phase of the project were threefold

1. To provide a greater understanding o f the m anoeuvring characteristics o f  

Small W aterplane Area Twin Hull vessels.

2. To develop a tool to assist in the prelim inary design o f rudder area and  location 

for SW ATH vessels in order to to ensure adequate turning perform ance.

3. To extend the database o f m anoeuvring inform ation available, and provide som e 

lim ited validation o f the above tool, by the collection o f full scale m anoeuvring 

data using the 20 tonne SW A TH  fishing vessel "Ali" (Ref 1).

7 8



4.3 O utline o f A pproach A dopted for the Study

In order to m eet the study objectives the following workplan was devised : -

1. A co m prehensive  survey o f all ex isting  availab le  lite ra tu re  on SW A T H  

m anoeuvring.

2. A review  o f currently accepted monohull manoeuvring theory.

3. The creation o f a FORTRAN com puter program incorporating algorithm s based on 

adaptations o f accepted monohull theory.

4. Full Scale Trials on the SW ATH fishing vessel "Ali"

4.4 L itera tu re  R eview

4.4.1 G en eral SW A T H  M an oeu vrin g  C on sid eration s

The bulk o f  available literature (R ef 2-10) originates from  the D avid  T aylor N aval 

Ship Research and D evelopm ent Centre and largely concerns m odel tests perform ed on 

rotating arm  devices. These experim ents were perform ed to calculate hydrodynam ic 

force and m om ent derivatives for vessels in a large num ber o f com binations o f  initial 

ship condition and rudder configuration. It is anticipated that the resulting database will 

allow  construc tion  o f  a m anoeuvring  sim ulation  tool for SW A T H  vessels. T he 

D T N SR D C  sim ulation  tool is how ever as yet unfin ished , o r at lea s t genera lly  

unavailable.

Very little  full scale operational inform ation is available (R ef 11-14) at p resen t 

although it is hoped this situation will alter as the num ber o f SW A TH  vessels in service 

worldwide increases over the next few years. Study o f published inform ation, although 

limited, nonetheless allows several interesting conclusions to be drawn.

SW ATH vessels are by nature o f their geometry inherently directionally stable. The 

centroid o f the projected  area o f the struts is generally aft o f the centre o f  gravity o f  the 

vessel, it therefore takes a large side force to initiate a turn at speed. C onsequently  

larger rudders and  heav ier steering  gear m ust be em ployed  than on  equ iva len t 

m onohulls. H ow ever d irectional stability  is an advantage for m issions requ iring  a
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steady course, particularly  in oblique seas. It is especially advantageous if  tow ing a 

sonar array since the signals from  the array will be less confused and thus easier to 

interpret. Due to this inherent directional stability and the problem o f rudder location on 

SW ATH vessels, close attention m ust be paid to the design o f the steering m echanism  

in order to ensure that the ship possesses adequate turning performance.

Fein (R ef 3) states that there is no inherent advantage in single or tw in struts for 

m anoeuvring, it is m erely the size and location o f rudders that determ ine the turning 

ability o f SW ATH vessels.

The SW A TH  form  presents a num ber o f unique problem s w hen it com es to siting 

rudders and steering  gear. N aturally  this has led to the developm ent o f several 

innovative configurations for control surfaces. These are covered in Section 4.4.2.

D ue to the transverse  separation o f propellers, low  speed m anoeuvrability  on 

SW ATH ships using differential thrust is excellent. It is noted that S.S.P. K aim alino 

turns w ithin her ow n length at very low  speeds (R ef 3). V essels equipped  with bow  

thrusters shou ld  be able to turn on  the spot. The possib ility  exists o f  prov id ing  

exceptional sta tionkeep ing  o r docking  perform ance using bow  thrusters linked  to 

differential thrust from  controllable pitch propellers under active autom atic control. 

C ontro llab le  p itch  p ropellers  an d /o r e lec tric  transm ission  is recom m ended  fo r 

applications requiring good low  speed m anoeuvring. W ith fixed pitch propellers and a 

conventional drivetrain, unacceptable strains would be placed on gearboxes due to the 

constant forw ard/reverse shifts that w ould be required.

At h igher speeds turning perform ance m ay be im proved by em ploying canards to 

bank the vessel into the turn. The resulting asym m etric drag created, results in sharper 

turns. S.S.P. K aim alino has reported  reductions in tactical diam eter o f  the order o f  20 

% using this m ethod. S im ilarly  deploym ent o f  a retractable "turning foil" has been 

found to y ield  benefits. N ot surprisingly trim  also has an im portant effect on turning 

perform ance particularly on designs with surface piercing rudders.

Turning perform ance is dependent on speed. At 23 knots the tactical diam eter o f  the

S.S.C. Seagull was found to be tw ice that at 13 knots (R ef 13). This is due to flow 

patterns along the hull varying considerably with Froude N um ber. T ank tests (R ef 8) 

reveal that the m anoeuvring derivatives are less speed dependent for a long strut design 

(SW A TH 6E) than fo r the short strut SW A TH  6A. Consequently the turning rad ius o f 

SW ATH6E was found not to vary with speed.
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W ith careful design o f the control surfaces, turning perform ance o f SW A TH  ships 

can be m ade com parable to that o f equivalent m onohulls. The often quoted ratio  o f 

tactical diam eter /  ship length is m isleading for com parison purposes, since the length 

of an "equivalent" SW ATH is less than its m onohull counterpart.

4.4.2 R u dder C on figu ration s

SW ATH hullform s present the naval architect with several options w hen designing 

control surfaces. Unlike conventional m onohull ships several possibilities exist for both 

the location and type o f control surface used to m anoeuver and stabilize the vessel.

Traditionally  in  m onohulls the rudder(s) is /  are p laced righ t aft, usually directly  

behind the propeller(s). In this location the rudder exerts m axim um  turning m om ent for 

a given force due to its d istance aft o f  the LCG . The turning force exerted  by the 

rudder is further increased by the increase in flow velocity induced by the propeller(s). 

This increased flow  velocity is particularly im portant at low speed and w hen trying to 

m anoeuver from  stationary, since w ithout flow  there can be no sideforce generated by 

the hull or rudder. Com bined with the presence o f suitable otherwise unusable space in 

the stern directly above for siting steering gear, this location then provides an ideal and 

hence alm ost universal solution to the problem  for m onohulls.

For SW A TH  ships the answ er is not so sim ple. T he sam e considerations apply, 

however the lack o f  suitable protected m ounting positions for the rudders, coupled with 

the problem  of locating steering gear, has resulted in a num ber o f innovative solutions.

W ith "long" strut designs, i.e. designs w here the strut length equals o r overhangs 

the low er hull aft, a traditional solution with rudder behind the propeller and steering 

gear housed in the hull and strut is norm al. For "short" stru t designs the obvious 

arrangement is to incorporate the rudder into the trailing edge o f the strut. H ow ever this 

solution produces low  turning efficiency and necessitates a  m uch larger (by virtue o f its 

location unbalanced) ru dder requ iring  larger and heav ier steering  gear. W ithou t 

propeller induced  flow  over the rudder this arrangem ent also suffers in its ability  to 

m anoeuver at zero speed.

W ithout accurate prediction and sim ulation techniques, p roper com parison o f  the 

relative perform ance o f  these variants m ust inevitably com e from  extensive /  expensive 

m odel tests and  to  a lesser degree from  full scale experiences. E ng ineers  at the 

DTNSRDC perform ed several such experim ents during the late 1970's R ef 2-10.
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The fo llow ing  briefly  describes the m ost com m on steering arrangem ents for 

SW ATH vessels together with the advantages and disadvantages associated with each. 

The basic configurations are illustrated in Fig 4.1.

Strut Rudder

As the nam e suggests this type o f rudder (described above) form s part o f the strut 

o f the ship. A m ovable section is incorporated  into the trailing edge o f the struts 

controlled by steering gear in the cross deck or in the struts them selves. This is the 

sim plest solution and therefore the cheapest. This solution also adds least drag to the 

vessel. U nfortunately the configuration is ineffective at both low and high speeds, since 

at low speeds there is no benefit gained from  the locally increased flow  velocity due to 

propellers, and at high Froude No's the waterline dips towards the stem  o f the vessel, 

reducing w etted-effective rudder area. Consequently greatly increased rudder areas are 

requ ired  to ensu re  adequate  tu rn ing  perfo rm ance. S ince by the natu re  o f the 

configuration, it is im possible to balance strut rudders, very large pow erful steering 

gear is required with attendant cost and weight penalties.

Extended Strut Rudder Aft Propeller

Follow ing traditional (m onohull) practice this is the m ost com m on arrangem ent for 

long stru t designs. T he flow  induced  by the p ropeller increases effectiveness and 

allows a relatively small rudder to provide adequate turning and directional control. For 

short strut designs how ever this is not a practical answer since the provision o f  a "strut 

extension" to carry the rudder w ould increase drag and cost unacceptably. The problem  

of rudder protection should also be addressed for ships utilizing this configuration. The 

turning diam eter is approxim ately 30%  less for configurations with the rudder behind 

the screw , and  speed  loss in the turn is g reater but the sam e turning d iam eter is 

achieved for a sm aller rudder deflection, therefore the speed loss effect is counteracted.

(Surface Piercing) Spade Rudder Forw ard o f Propeller

This type o f  rudder is a com bination o f the two configurations described above. It 

offers a com prom ise for "short strut" vessels where the provision o f a rudder behind 

the propeller is no t practical. The rudder is located above the hull ju s t forw ard o f  the 

propellers to take advantage o f  the accelerated flow induced by the screws. The steering 

gear m ust be located in the low er hulls which produces access problem s, how ever since 

these rudders can  be balanced, unlike strut m ounted types, this steering gear m ay be o f 

m inim um  dim ensions. If  required  the rudder m ay be surface p iercing, allow ing the 

possibility o f providing additional lateral support above the waterline.

8 2



In m odel tests the configuration was found to provide adequate turning performance 

for reasonable rudder areas. In the case of surface piercing variants effectiveness was 

found to decrease w ith speed as for strut rudders. Locating the rudder forw ard o f the 

screw obviously degrades the flow  into the propeller. At best this will result in slightly 

worse propulsive efficiency, how ever in some m odel tests rudder ventilation occurred 

for helm  angles greater than 25 degrees. If frequent use o f extrem e helm  is anticipated, 

then consideration should be given to the provision o f diesel electric propulsion since 

conventional drivetrains will be adversely affected by the fluctuating forces created.

Canards

T hese c lose ly  resem ble a cross betw een conventional ships rudders and fin 

stabilizers. This is perhaps not surprising since this is exactly the role they are designed 

to fulfil. G enerally  m ounted inboard  o f the twin hulls in clear protected w ater at the 

stem o f  the ship, they provide com bined control o f vertical and horizontal motion.

Since only one set o f fins are required  the designer saves ship drag and w eight. 

A gainst these savings m ust be set the additional com plexity  and cost o f the control 

system  required . Further, in the even t o f a breakdow n o f this system  independent 

manual control o f  vertical and horizontal motion m ay not be possible. The configuration 

also suffers from  interaction betw een roll, sway and yaw at low encounter frequencies, 

this is particularly  noticeable in follow ing seas. O therw ise the configuration resem bles 

and shares the sam e pros and cons as the non surface piercing variant o f the spade 

rudder described above.

Turning Foil

This is perhaps the m ost novel approach to the problem . The device consists o f a 

vertical fo il norm ally  housed  in a trunk in the forw ard hull/stru t. W hen a turn  is 

required the foil is low ered/hinged into position beneath the hull which is on the inside 

o f the desired  turn . T he increased  drag p roduced  by the foil acts w ith the created  

sideforce to yaw  the vessel into the turn.

The device is prim arily intended to assist turns initiated by other m ethods. It cannot 

be the sole m anoeuvring  device aboard a ship since it cannot be used in shallow  or 

confined w aters. It does how ever have several in teresting  features includ ing  the 

cancellation o f  side forces created  by conventional aft rudders w hich push the ship 

sideways out the turn when helm  is first applied.
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Strut Rudder

Extended Strut Rudder Aft Propeller
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Surface Piercing Spade Rudder Fwd of Propeller

Extended Stmt Rudder Aft Propeller 
With Forward Turning Foil

Eig 4>1 R u d d e r  C o nfigurations A p plicab le to S W A T H  V esse ls
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4.5 M a n o e u v r in g  T h e o ry

SW A TH M A N  is based upon m anoeuvring theory developed for m onohuli vessels. 

M uch o f  this theory  is founded  upon linear approxim ations and sem i-em pirical 

expressions developed  from  analysis o f experim ental data. It is anticipated that the 

symmetrical nature o f SW ATH geometry will readily lend itself to study utilizing theory 

developed in this way. It is therefore fully expected that calculations based upon this 

theory w ill be equally valid for SW ATH vessels as for those o f m onohull form.

4.5.1 M a th e m a tic a l  M o d e llin g

In this analysis the ship is considered to be a rigid body, with only three degrees o f 

freedom  in surge, sway and yaw. Ship m otions in the other degrees o f freedom , roll, 

pitch and heave are neglected. It is convenient to describe the m otion in term s o f a 

E ulerian  system  o f  axes co inc iden t w ith am idships. This co -o rd inate  system  is 

illustrated in Fig 4.2 together with the basic nom enclature used.

Thus the equations o f m otion are :-

Y  — m(v* + ur + x G r )

N  = I z r  + m x G(v'  +  ru)

(Eqn 4.1)

The term s on the righ t hand side are the inertial responses w hilst those on the left are 

the hydrodynam ic forces and m om ents acting on the ship.

T he hydrodynam ic forces and m om ents, X ,Y  and N acting on the ship due to 

motions in the three degrees o f  freedom  surge, sway and yaw are usually expressed as 

perturbations about a steady ahead speed. The hydrodynam ic forces and m om ents are 

then assum ed to be directly proportional to these perturbation quantities. This procedure 

and its lim itations are m ore fully described in R ef 15 and 16.
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Co-ordinate Axes Fixed in Ship

X Hydrodynamic Force acting on ship due to Surge
Y Hydrodynamic Force acting on ship due to Sway
N Hydrodynamic Moment acting on ship due to Yaw

u Longitudinal Velocity of Ship
V Lateral Velocity of Ship
r Yaw Rate of Vessel

5 Rudder Deflection Angle
P Drift Angle
¥ Heading Angle

m Mass of Vessel
X G Distance fwd of ammidships of vesse ls  centre of gravity

Moment of Inertia about ammidships of vessel

Eig 4.2 Tp-ordinate Axes System Adopted for Mathematical JVIodelling

Including Basic Nomenclature
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T '.T '

T\ + T 2 =

t '3 =

T' — 4 —

K ' =

-K V  =

0 4 - m')(N- - - lz) ~  (Y
/r — m'

Yv(Nr --  m'x'G) -- n u y ;

(Y<r- m')(Ni- - • m'xG) + (Nj. -
Yy(NJ.

o 4 - m'x'G)Yfc " ( Y ir - m'JNfc

NyYfi -“ YyNg

(Nf. - Iz)Y'6 ~ (Y*. -  m'x'c)N'5

(Nr —m'x'G)Y'6 - ( Y r - m')Ni

NyY'g -- YyNg
YV(NJ. -  m'x'G) -  Ny(Y^ -  m')

( N r ~ m'x'G)Y'6 - ( Y r “ m')N's

Yy(Nr -m 'x 'G) -NV(Yi. - m ' )

T ' =  T 'x +  T '2 -  T '3

tan

Fig 4.3 Definition of Coefficients K1 and T ’ 
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Neglecting non-linear terms these equations may be expressed as

X  — X . u + X  Au
U u

Y =  Y .v  + Y  v + Y i  +  Y rv v r r

N  = N .v  +  N v  + N .r  + N  rv v r r

(Eqn 4.2)

Where

etc.

T hese pa rtia l derivatives are the constan ts o f p ropo rtiona lity  betw een  the 

hydrodynam ic forces and the perturbation quantities, hence the terms proportional to 

acceleration perturbations are known as the acceleration derivatives,

and those p roportional to the velocity  perturbations are know n as the velocity  

derivatives,

E xpressing E quations 4.1 in term s o f the perturbation quantities and discarding all 

but linear term s in  order to  m aintain consistency w ith Equations 4.2, we obtain  the 

usually accepted form  o f the linearised equations o f motion

It w ill be observed that the first equation, which describes the surge response o f  the 

vessel is now  decoupled  from  the o ther two. Since it therefore has no  effect on  the 

transverse m otion o f  the ship, it is neglected and attention focused on the other pair.

Forces and m om ents due to rudder deflection have been om itted from  the foregoing 

analysis. These are considered separately later. A t present it is sufficient to assum e that

( X . -  m ) u  + X u Au

(Ky. -  m ) v  + y .v  +  ( y m x c ) r + ( Y  r -  m u 0) r 

( N . -  m x a ) v ' +  N vv  + ( N . -  l z ) r  +  ( N r -  m x a u0) r  = 0

=  0

= 0

(Eqn 4.3)
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deflection o f  a rudder w ill result in a side force and moment which are directly 

proportional to the angle o f deflection.

Incorporating the rudder terms and nondimensionalising we obtain the usual form  

of the linearised equations o f motion used in steering and manoeuvring calculations:-

( y '. -  m ' ) v ' +  Y ' y +  ( y ' . ~  m ' x ’a)  r’ + ( y \ -  m ' )  r'  +  y \ 8  = 0

( N ' .  -  m'x'a ) v ' +  N ' v ' +  ( n ' . ~  / ' , )  ry + ( N ' r -  m ' x ’c )  r ' +  N' s S =  0

(Eqn 4.4)

Where

V  . = Y. /  0.5pL3
V V r

V  . = Y. / 0 .5 p L 4X X  r
* 4N .  = N . /  0 . 5pL

V V 1

N1'. = N f /  0.5pL5 V = v / u
/ 9 i' = rL / u

Y v = Y v /0 .5 p L  u </ = vL /  u2
V r = Y r /0 .5 p L 3u f  -  f L 2 /  u 2

N v =  N V/  0.5pL3u t =  tu /  L

N \ =  Nr / 0 . 5 p L 4u m' =  pV /  ypL3

V 5= Y 5 /0 .5 p L 2u2
 ̂ z  =   ̂z  !

N 5 =  N 5 /  0.5pL3u2 oXIIo

The above form expresses the equations o f motion as a pair o f simultaneous first 

order differential equations, where the constant coefficients are the dim ensionless 

acceleration and velocity derivatives.

Nom oto postulated (R ef 17) that these equations may be written as a pair o f  

decoupled second order equations

T \T  2 ?  + ( T 'i +  r  + r ' =  K ' 8 +  k Y 3 8 '

T j y +  (T'l+ T \ y +  v '=  K [ 8 +  K ' j ' J '  ( E q n 4 5 )

It is common practice in the analysis o f trial manoeuvers, both at full scale and with 

free running m odels, to use a more simple expression than equation 4.5.
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Nomoto first proposed (Ref 17) that

TV + f  = K8

(Eqn 4.6)

E qn 4 .6  m ay be used instead o f equation 4.5. This sim plification  is extrem ely  

useful but has lim itations on its applicability.

The coefficients used in these equations are detailed in Fig 4.3.

4.5.2 M an oeu vrin g  C riteria

The foregoing analysis forms the basis for the m anoeuvring criteria adopted by the 

SW ATHM AN program .

Turning Ability

It is usual to describe the turning behaviour o f a ship in term s o f its turning circle. 

Values o f advance, transfer and diam eter are often quoted as a m eans o f quantifying a 

vessels inherent directional stability. H ow ever m ost vessels turn w ith a  d iam eter o f  

two-three tim es the ship length w hether stable o r unstable, so that the final turning 

behaviour is not a very useful means o f determ ining the m anoeuvrability o f  a ship.

As an alternative to considering the turning circle, initial turning ability  o f  the ship 

will be exam ined im m ediately after rudder activation. Since deviations from  a straight 

course are small, the linear theory developed in the preceding section m ay be used with 

confidence.

A m ore suitable definition o f turning ability m ay be taken as the change in heading 

angle per unit helm  angle applied after the ship has travelled one ship length.

N.B. for com parative purposes e.g. in Section 4.8, turning d iam eters are often  used 

since they are often the only model /  full scale m anoeuvring results available.

Fig 4.3 illustrates heading response /  helm  angle variation.

The heading response m ay be obtained by solving the first part o f equation (4.5) for 

this rudder tim e history, together with zero rate and heading angle initial conditions, as 

follows
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n t ) = K

' - ( t 'i + t \  -  t ' s) + ! 'r / 2

( e ° r ' -  l ) e - ‘ i r -
( T ,  ~ r 2) t .

( /  /  V /

T , ~ T 2) <r

(  t '  I T '  \  -  t '  /  T '
- \ e r 2 - l ) e

(Eqn 4.7)

From  equation (4.6) for the same helm input

^ ( 0 =  K t — T  +  t r / 2 +
T

A e ’- ' r  - l ) <
- i t  T '

t r (Eqn 4.8)

Study o f  equations (4.7) and  (4.8) confirm s that both solutions tend  to a s im ilar 

asymptote if

/  /  /  f

T  = T  j + T  2 — T  3

If  the tim e for the rudder m ovem ent tends to zero, and non-dim ensionalised tim e is 

set to t= l ,  (w hich is equivalent to m oving one ship length), then Eqns (4.7) and (4.8) 

become:-

and

n o = K
+ ■T,e

I t T ,

i  + t \  - t , )

( T ,  -  T \ )

( T j T j)  , - / / r ' ,
+  7— ? tt - T  2e

( T . - T , )

(Eqn 4.9)

' m = K { l - T ' + T e " r }
o (Eqn 4.10)
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N orrbin (R ef 18) first introduced the idea o f a turning index and he used Equation 

(4.10) to denote w hat he term ed the "P" No. This is the heading change per unit helm  

angle for one ship length travelled, described in terms o f the Nom oto indices K' and T

N orrbin  suggested  a value for P > 0.3 , how ever N orrbin  and N om oto la ter 

suggested that in the case o f large tankers this requirem ent may be relaxed to P > 0.2 . 

From  analysis o f results to date and considering the fact that SW A TH  vessels are 

shorter than "equivalent" m onohulls it is recom m ended that P  > 0.2 be taken as 

standard for SW A TH  vessels.

A value o f P=0.3 is equivalent to a 10 degree change in ship heading angle in one 

ship length, w hen the helm  is placed hard over (30 degrees or m ore rudder deflection).

Equation (4.10) m ay be expanded into the following form:- 

H t )  i KP =
2 T

+ — L______ L—  +
3 T '  1 2 T '  2 6 0 T ' 3 (Eqn 4.11)

and when T' is large this reduces to:-

/ K

2 t ' (Eqn 4.12)

Dynamic Stability

For a linear dynam ic system  to be stable it is necessary  fo r the roots o f  the 

characteristic equation to be negative. In m ost ship m anoeuvring problem s these roots 

are usually real, so that this requirem ent is satisfied if  the tim e constants are positive. 

The condition for stability therefore reduces to

Y  V( N  r ~  m 'x 'G) ~  N X Y  r ~  m ' )  ) 0  (Eqn 4.13)

This m ay alternatively be expressed

N ' r ~  m 'x 'c N l

Y ' r - m ’ Y \  (Eqn 4.14)
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This latter inequality is useful in explaining the requirem ent for dynamic stability . It 

simply indicates that the centre o f pressure in pure yaw should be ahead o f the centre o f 

pressure in pure sway if the ship is to be dynamically stable.

Turning Diameter

W hilst the term inal turning behaviour o f a vessel should not, on its ow n, be used 

to define its m anoeuvring perform ance, the inform ation is nonetheless not w ithout 

value. A vessels turning d iam eter is the m ost often quoted  resu lt from  fu ll scale 

m anoeuvring trials, due m ost likely to the relative ease o f m easurem ent and the easily 

understood physical significance o f the value. Similarly current regulations require that 

this inform ation is perm anently displayed in the w heelhouse o f m ost vessels and it is 

certainly a quantity  the prospective operator o f a SW ATH vessel will w ish to know . 

For these reasons a routine was incorporated into SW ATH M A N  program  in order to 

enable the calculation o f turning radii for specified degrees o f helm.

From  previously developed linear theory and an analysis o f turning behaviour 

(Ref 16). For dynam ically stable vessels the steady radius o f turning, R is given by

W here L  is the length o f the vessel.

4.5.3 E stim a tio n  o f  Sh ip  D erivatives

From  the foregoing it is obvious that the acceleration and velocity derivatives m ust 

be know n o r at least approx im ated  before any pred ictions on the m anoeuvring  

capability  o f  a ship  m ay be m ade. Several techniques are curren tly  em ployed  to 

determine these values.

Model Testing

For ship form s, m odel tests rem ain to date the m ost reliable m eans o f determ ining 

the acceleration and velocity  derivatives. Captive m odel testing, using either a p lanar 

motion m echanism  or a ro tating arm  is the standard technique. Such experim ents are 

however tim e consum ing and costly, requiring the exclusive use o f a large specialised 

purpose built facility. It w ould clearly  be a great advantage if  the derivatives could  be 

calculated directly  e.g. using strip theory.

R_
L

(Eqn 4.15)
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Strip Theory

This is applied with som e success in the case o f aircraft and with m issiles, where 

the body geom etry is dom inated by wings and fins. U nfortunately, the slender body 

theory and strip m ethods used do not give accurate results for ship form s, since there 

are no large flat stabilising surfaces and the flow around the hull is greatly altered by 

viscosity effects.

Since m odel testing is im practical and direct evaluation is not feasible, recourse is 

often made to semi-em pirical techniques.

Semi-Empirical Methods

Several attem pts have been m ade to derive em pirical expressions rela ting  the 

velocity derivatives to ship geom etry. These form ulae were derived after analysis o f 

experimental results obtained on planar motion and rotating arm  devices.

In the following form ulae:-

L - Ship Length Betw een Perpendiculars 

B - Beam  o f Vessel 

T  - D raught o f Vessel 

Cb- B lock Coefficient

In 1970 W agner Sm itt (R ef 19) proposed :-

y ' =  +  1 . 0 2

2 2

N ^ - 0 . 6 5 ^  =  - ! & )  i O . 2 1 ) (Eqn 4.16)
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W hile in 1971 Norrbin (R ef 15) suggested:-

+ 1 . 6 9  + 0 . 0 8 -
C b B
n t

Y  = - -  0 .6 4 5  +  0 .38 '
C_ b_ B _
n t  _

N  = + 0 .64  -  0 . 04
C b B
n t

N 0 . 4 7 - 0 . 1 8 -
C_ b_ B _
n t  _ (Eqn 4.17)

and in 1981 Inoue (R ef 20) recom m ended

Y = -  n 1 . 4  ^  B
1 - 0 +  l i ~ c - 1  B T  J

N
04 4 . 0  T

n l (Eqn 4.18)

Exam ination o f  these form ulae reveals discrepancies in the values obtained  fo r the 

four velocity derivatives. This is m ost likely due to variations in the experim ental data 

and regression techniques applied.

In an attem pt to clarify the situation Clarke (R ef 21) perform ed a m ultiple regression 

analysis o f  all available data. His results are sum m arised in the fo llow ing expressions 

for velocity and acceleration derivatives:-
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Clarke Offers (R ef 21)

-  Y  v
 7 +  0 . 4 0 C n B  / T

< t )

-  Y  T
= -  1 / 2 + 2 . 2 B  I L ~  0 . 0 8 B  / T

n [ T 2

-  N v
= 1 / 2 + 2 . 4 T  I L

 =  7 / 4 + 0 . 0 3 9  B  / T  -  0 . 5 6  B  / L
2

m T

-  Y
= 1 +  0 . 1 6  C d B  / T  -  5  . 1 ( B  I L)

i)
- Y  2
 r~ r  =  0 . 6 7 B  / L -  0 . 0033 ( B  / T )

< $ ) '

-  N  .
=  1 . I B  / L  -  0 . 0 4 1 B  / T2

n [ J L

-  N
2— =  1 / 72 +  0 . 0 1 7  C dB / T  -  0 . 3 3 B  / L

(Eqn 4.19)

(Eqn 4.20)
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Fin Corrections to Hull Derivatives

The follow ing fin effects m ust be added to ship derivatives given by the previous 

expressions ( Equations 4.16 - 4.20)

rlr,' = - ? Y 's

Y ' r = -  i Y ' rr Jin I  v f in

t I f
N  = - y Y

V f i n  I  v f in

'  / *
N r = JrY rr Jin 4 v fin

(Eqn 4.21)

W here the flow straightening coefficient ^  may be taken as 0.3 (R ef 22).

4.5.4 E stim ation  o f R u dder D erivatives

The side force Y created by the rudder is calculated on the basis that the rudder acts 

like a low aspect ratio  wing, so that

Y = i  pc2 A C L

W here c is the flow  velocity  over rudder, A is the rudder area and Cl is the lift 

coefficient for the rudder section.

Non-Dim ensionalising gives

Y ' - i l ¥ ) ’

The force /  helm  angle is therefore

(Eqn 4.22)
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The flow  velocity  ratio  term  is dependent on w hether the rudder is subject to 

propeller induced  accelerated flow. For rudders outw ith propeller affected  flow  the 

ratio

W here Vs is the ship speed and Va is the flow speed into rudder. This sim ply 

reduces to ( 1-w) where w is the taylor wake fraction for the hullform.

For rudders subject to propeller accelerated flow (Ref 16) the ratio becomes

W here (% A rea) is the proportion o f rudder area subject to the accelerated  flow , and 

ACL the flow acceleration due to the propeller.

The L ift Curve Slope Coefficient for the rudder is harder to define. Classical theory 

(Ref 20) is available to calculate the quantity from first principles given a know ledge o f 

the aspect ratio  for the control surface. H ow ever this theory was developed fo r fins 

operating in free stream  w ithout com plications im posed  by the p rox im ity  o f  hull 

structure and associated disturbances in the flow.

A fter analysis o f  results obtained using this m ethod proved disappointing, it was 

decided to fix  the value o f  lift curve coefficient for all control surfaces. T he value 

chosen was selected after study and comparison o f results obtained for several SW ATH 

forms w ith full scale data. A value was chosen w hich was found to give acceptable 

results for a range o f  vessels w hen utilising equations (4.19 and 4.20).

This approxim ation rem oves the effect o f  rudder aspect ratio  from  the calculation 

procedure. T his is unlikely  to effect results for low  aspect ra tio  rudders behind  the 

propellers, bu t m ay in troduce sm all errors w hen determ ining side force due to high 

aspect ratio surface piercing strut rudders.

r v
( - ) =  —  V uJ V

_ s

A r e a

(Eqn 4.23)
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This unfortunate effect is counteracted by the incorporation o f a m irror im aging 

factor into the calculation. This is prim arily designed to m odel the increase in effective 

aspect ratio which occurs due to the proxim ity o f perpendicular hull surfaces and rudder 

fences in the case o f  surface piercing variants equipped with such devices. This factor 

may also be used to m odify the "effective" lift curve slope coefficient in the case o f very 

high values o f rudder aspect ratio.

For the above cases the standard value o f lift curve slope coefficient is m odified  

according to the following form ulae (Ref 16)

d 5
M o d if ie d

3 5
S td

K i.8 n
-  i

W here K  is the im aging factor for the rudder.

The m om ent due to application o f rudder is therefore equal to

(Eqn 4.24)

” 6 \  L O A  r * (Eqn 4.25)

W here R D IST is the distance o f the rudders aft amidships and LO A  is the ship length.

4,6 D evelop m en t o f  'SW A T H M A N ' P rogram

A m anoeuvring  p red ic tion  tool for SW A T H  vessels was created  incorporating  

suitably m odified adaptations o f currently accepted m onohull practice.

The resu lting  tool allow s the user to determ ine the size o f  rudder requ ired  for a 

given vessel in order to provide adequate m anoeuvring perform ance. The program  can 

cope w ith rudders fore and aft o f  the propellers and w ill check the directional stability 

for a given design in addition to estim ating the likely turning perform ance and heel 

angles for specified degrees o f helm.

The program  in com m on with all com puter program s m ay be broken dow n into a 

number o f  easily understood algorithm s. These algorithm s are illustrated in flow chart 

form in F ig  4.4.
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The first stage is to input the m ain geom etrical details o f the vessel. For those

values which may be unknown at the design stage, such as the mass m om ent o f inertia,

default values are available. These default values are based upon regression fits o f data 

from ex isting  designs, and are selected  according to the m ain d im ensions o f  the 

required vessel.

Next an "effective" block coefficient is required, the user is given three options

I. Input a previously calculated value

II. Select a value based on hull and strut dimensions

III. Select a value based on hull dim ensions only

Option II is the m ost intuitively realistic assum ing a value is unavailable. O ption III is 

included for use at the very early design stage w hen dim ensions o f  the strut m ay be 

unknow n, e.g. w hen com paring  stru t type rudders hung on short stru ts against 

traditional configurations utilising overhanging struts.

The program  then  requests bounding values defin ing  the accep tab le  range for 

N orrbin's "P" No. F or the benefit o f  users unfam iliar w ith this index  the program  

reminds us that values o f "P" No in the range 0.2 - 0.4 are usual fo r norm al vessels.

A first estim ate o f rudder area and location is next requested, a default value for area 

is again available for inexperienced users.

At this stage the option o f siting the rudders in or out o f the propeller slipstream  is 

given and the user is asked w hat proportion, if  any, o f the rudder is subject to this 

slipstream. U sing this inform ation together with values for the T aylor W ake Fraction 

and a flow acceleration term  - either input by user or default values, (derived from  

T-AGOS 19 data (R ef 23), and K aim alino data (R ef 7)), the program  calculates the 

ratio o f flow  velocity  over the rudder to the ship speed. This value com bined w ith the 

lift curve slope for the rudder section, allows estim ation o f the side force generated by 

the rudder.

T he lift cu rve  slope fo r the rudder section was in itially  ca lcu la ted  from  first 

principles by the m ethod given by W hicker and Fehlner (R ef 24) for low  aspect ratio 

wings. H ow ever after com parison  o f  the m anoeuvring predictions ob tained  by this 

method and full scale trial results for the M .V. Patria, it was found that greater accuracy

1 0 1



could be attained by utilising a fixed coefficient o f 1.301 per Rad. This value was 

reached after extensive analysis o f full scale data and model test results together with 

published com parisons and predictions utilizing Clarke's regression  routines from  

several early versions o f the 'SW A TH M A N ' program . The lift curve slope m ay be 

m odified to allow for im aging effects (where present) by means o f an effective m irror 

imaging coefficient.

At this stage the program  calcu lates "Clarke's P ropulsive C oefficient". It was 

Clarke (R ef 21) who suggested that the product

may be assum ed constant. C larke suggested a value o f 3.0 as typical for single screw 

vessels o f  norm al form . The program  displays this product and  allow s the user to 

change its value if  so required.

The rudder derivatives are calculated and the program  moves on to consider the ship 

derivatives. These m ay be calcu lated  by any one o f four sem i-em pirical techniques 

according to W agner Sm itt (R ef 19), N orrbin (R ef 15), Inoue (R ef 20) o r Clarke (R ef 

21). A lternatively the user m ay input his own values as found from  m odel tests o r ship 

motion packages.

Once the ship derivatives are evaluated the corrections due to the fins /  rudders are 

calculated and the derivatives m odified accordingly if  required.

The final stage o f  the first iteration is com pleted by calculating N om oto's turning 

coefficients (R ef 17) and N orrbin 's "P" N um ber (R ef 18). I f  this "P" N o falls outw ith 

the range initially  specified by the user the rudder is resized autom atically  and  further 

iterations perform ed until the condition is met.

Once the "P" num ber falls within the specified range the program  offers the user the 

option o f checking the vessels dynam ic stability . If the vessel is found to be unstable 

three options are given:-

I. Proceed with the unstable design

II. A ttem pt to stabilize it by changing overall vessel dimensions

III. A ttem pt to stabilize it by changing rudder dim ensions o n ly .

1 0 2



Final values o f rudder area and corresponding "P" N um ber are d isplayed at this 

stage and the option given to accept or modify the value o f rudder area.

W hen acceptable values are reached the user may proceed to calculate the likely 

steady turning radius for his vessel equipped with the chosen rudders. F inally  the 

program  estim ates the probable value o f heel angle attained w hilst executing a turn o f 

specified radius.

This program  entitled  'SW A TH M A N 3' (SW A TH  M A N oeuvring version 3) has 

been validated for a num ber o f designs at m odel and full scale, including the SW ATH 

M .F.V. Ali. The program  has also been used in an attem pt to quantify  the effect o f 

rudder type /  location upon turning performance.

4.7 Full Scale T ria ls

Lim ited full scale m anoeuvring perform ance trials were conducted utilising the 20 

tonne SW A T H  fishing vessel "Ali" . This vessel is a basic SW A TH  form  o f  single 

"short strut" design. The rudders are incorporated into the trailing edge o f  the struts. 

Details o f the vessel and its rudders can be found in R ef 1 and in Table 4.1.

The m anoeuvring evaluation form ed part o f the overall trials program  conducted on 

this vessel during D ecem ber 1990. These trials w ere sponsored by the Science and 

Engineering Research Council through the M arine Technology D irectorate at G lasgow  

U niversity , together w ith V ickers Shipbuild ing and E ngineering  L im ited , Y arrow s 

Shipbuilders Lim ited and YARD Ltd.

The prim ary objective o f the trials was to collect data on resistance, propulsion and 

seakeeping, in an effort to validate predictions from  various theoretical tools and m odel 

tests. O w ing to a lack o f tim e and the difficulty o f conducting accurate m anoeuvring 

trials, a com prehensive evaluation o f  the m anoeuvring characteristics o f  the ship was 

not attem pted. E valuation  o f  the vessels m anoeuvrability  w as in stead  lim ited  to 

subjective observations on its response to the helm  and to m easurem ent o f turning 

circles. In the absence o f  sophisticated position  fixing equipm ent these circles w ere 

defined by m easurem ent o f  the d istance travelled (approxim ately the circum ference 

neglecting transfer effects) together with the tim e taken and the com pass heading 

relative to the bearing w hen com m encing the turn. F rom  this inform ation the T actical 

Diameter can be calculated with reasonable accuracy for a given helm  angle and s p e e d .
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The m ost obvious characteristic o f the vessel was the directional stability which it 

possessed. D espite  no ticeable yaw ing in bow  quartering  seas the overall course 

rem ained straight, with little or no correction to the helm necessary. As anticipated for a 

vessel with strut rudders m edium  to high speed m anoeuvring ability was fairly poor.

Som e prelim inary results from  the turning trials are presented in Table 4.2 and Fig

4.6, 4 .9  and 4.12. Full analysis o f  the data  co llected  during  these trials is still 

incomplete. Com plete results from  the trials will be presented once available (Ref 25).

4.8 ’S W A T H M A N 1 R esu lts and Program  V alidation

A program  now  exists which allows the user to predict fo r any given design o f 

SW ATH vessel, the rudder area and configuration required to provide that vessel with 

acceptable m anoeuvring perform ance. In addition the program  w ill estim ate turning 

characteristics and re-design the rudder as required to m eet specific requirem ents.

In an effort to validate 'SW A TH M A N ' the program  was run fo r seven "real life" 

vessels for w hich full scale m anoeuvring trials inform ation was available. The nam es 

and main particulars o f these seven ships are given in Table 4.1.

For each o f these seven vessels the program  was utilized in two alternative ways:-

Firstly  the program  was required  to determ ine suitable rudder areas in o rder to 

satisfy a previously specified turning performance.

Secondly the program  was used to sim ulate the likely m anoeuvring perform ance 

o f the vessels "as built". In this case real values o f  rudder area were input together 

with likely prevailing flow conditions for the region around the rudder.

In addition several studies were m ade into the effects o f varying flow conditions around 

the rudder, free surface im aging and m irroring effects. C larkes regression  routines 

were used  for all the above com parisons. The effec t o f ca lcu la ting  m anoeuvring  

derivatives using differen t regression routines was also briefly investigated. Turning 

diam eter form s the basis for all these com parisons since it is the m ost often published 

result from  m odel and full scale trials.

1 0 4
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Figures 4.5, 4.6 and 4.7 present 'SW ATHM AN ' predictions o f m inim um  turning 

diameters /  rudder area for the vessels Patria, Ali, and Kaim alino. It will be noted that 

the predictions agree well with values m easured on full scale trials.

F ig u res  4 .8 , 4.9  and  4 .10  p resen t 'SW A T H M A N ' p red ic tio n s  o f  tu rn ing  

perform ance (Turn D iam eter /  H elm  Angle) for the vessels Patria, Ali and H alcyon. 

Good agreem ent with m easured values is again observed.

Fig 4.11, 4.12, and 4.13 dem onstrate the influence upon m anoeuvring perform ance 

of rudder im aging effects. This phenom enon occurs where the proxim ity o f large flat 

areas close to and perpendicular to rudders produce an increase in rudder efficiency. 

The effect m ay be likened to a mirroring and therefore an increase in "effective" area. A 

mirror im aging factor o f 2 corresponds to full imaging in the hull while the other end o f 

the foil is subject to norm al crossflow  conditions. A value o f 1.7 w ould probably  be 

more appropriate for a circular hulled SW ATH where a gap opens up at larger angles o f 

attack. V entilation at the free surface m ay reduce this still further for surface p iercing 

variants, therefore a value o f 1.5 was selected for calculations relating to the M .V. Ali. 

The results obtained fo r this vessel indicate this approxim ation to be not unreasonable. 

W here rudder fences (perpendicular projections designed to counteract ventilation) are 

fitted the im aging factor m ay in theory be infinite. In practice this will never happen 

although values o f 3 and 4 are feasible.

F ig 4.12 and 4.13 dem onstrate how im aging effects m ay com bine to increase the 

efficiency o f surface p iercing  strut hung rudders (fitted w ith fences) to the alm ost the 

same level as those m ounted aft in the propeller slipstream.

Fig 4 .14 and 4.15 illustrate the influence o f propeller induced flow acceleration on 

rudder effectiveness. As expected efficiency increases m arkedly with increased flow  

velocity. This explains the considerable difference in turning perform ance /  rudder area 

for vessels fitted w ith rudders forw ard and aft o f the propellers.

F ig 4 .16  and 4 .17 quantify  the increases in turning perform ance that m ay be 

obtained by changing  the proportion o f rudder area subject to propeller accelerated  

flow. It m ay be deduced  from  F ig  4.17 that only 25-35 % o f  S.S.P. K aim alino 's 

rudder is in accelerated  flow . Exam ination o f relative rudder and propeller dim ensions 

for the vessel does in fact confirm  this rather unusual situation.
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Fig 4.18 presents a com parison o f turning perform ance for the M .V. Patria. The 

four sim ulations presented represent four alternative regression data fits, attributable to 

Clarke, W agner, N orrbin and Inoue respectively. As shown in Fig 4.18, m anoeuvring 

perform ance predictions due to Clarke and Inoue are almost identical. The sim ulation 

attributable to W agner Smitt shows reasonable agreement with this pair however it will 

be noted that the prediction using Norrbins equations is very different. This is m ost 

likely due to the quality  o f  data and regression techniques applied by N orrbin in 

formulating (Equations 4.17).

A com parison o f ’SW A TH M A N ’ predictions with full scale trials data for all seven 

vessels is sum m arised in Table 4.2.

The predictions obtained tend to underestim ate turning diam eter slightly, this was 

particularly noticeable in the case o f the two Japanese vessels, S.S.C . Seagull and 

Ohtori. O verall how ever predictions from  the program  were found to agree fairly  

closely w ith full scale trial results. This may be expected in the case o f the M.V. Patria 

whose geom etry was used to calibrate the derivative calculation routines. H ow ever the 

good agreem ent observed  betw een the predictions and trial results for the o ther six 

vessels confirm s the validity o f the approach.

It should be noted  that all predictions were obtained assum ing the ships centre o f 

gravity to be at am idships. This clearly unrealistic assum ption was m ade to provide 

consistency, since actual values o f longitudinal centre o f gravity (LCG ) w ere not 

available for all vessels. The generally observed underprediction o f turning diameters is 

most likely due to  this assum ption, since m oving the LCG forw ard results in a m ore 

stable ship, i.e. one w hich is m ore difficult to turn. Tests confirm  this; it was found that 

moving the LC G  forw ard 2 m etres increased the turning diam eter o f S.S.C. Seagull by 

54 metres to 196 m etres.

It is particularly  interesting to note the close simulation o f the turning perform ance 

of M.V. Ali. This vessel was the only one o f  the seven to be fitted with strut rudders,

i.e. rudders sited unconventionally outwith the propeller race.

1 9  F u tu re  \ y n r k

Future w ork on the 'SW A TH M A N ' program  w ould m ost profitably be d irected
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towards incorporating the non linear speed dependence o f the derivatives. Such w ork 

may be based on an experim ental or theoretical analysis o f the relationships betw een 

Froude num ber and the derivatives, or upon a first principles theoretical approach to the 

determ ination o f the m anoeuvring derivatives. At present the form er approach appears 

the m ost likely to be successful.

Further w ork on the interference effects betw een hulls w ould also be w orthw hile. 

Since there is little inform ation available at present, a series o f m odel tests devised to 

determ ine the relationships betw een hull separation and the m anoeuvring derivatives 

would be m ost valuable.

The incorporation of shallow w ater effects would be relatively easily accom plished 

and certainly not without value.

The program  could be interfaced with one o f the m any com m ercially available ship 

m anoeuvring sim ulators. In this w ay pilots m ay be given the opportunity  o f "test 

sailing" designs not yet built. Such sim ulators usually  require  data  in the form  o f 

m anoeuvring derivatives, since these derivatives are an integral part o f  the output from  

'SW A TH M A N ’ it should be a relatively sim ple m atter to provide an interface m odule 

for the program .

4,10 Conclusions

T he m an o e u v rin g  ch a ra c te r is tic s  o f  SW A T H  vesse ls  have been  stu d ied , 

dem onstrated and  sim ulated. This was achieved by m eans o f literature review , full 

scale tests and the developm ent o f a m anoeuvring prediction tool incorporating the best 

elements o f  currently  available and accepted m anoeuvring theory, suitably adapted for 

the novel geom etry o f  the SW ATH form.

Principal conclusions from  the literature review  m ay be sum m arised as follows

1. SW A TH  vessels are inherently very directionally  stable. This is an advantage for 

m issions requ iring  good course keeping in rough seas e.g. Sonar Surveillance 

V essels.

2. In spite  o f  th is SW A T H  vessels can possess turn ing  d iam eters equ ivalen t to

1 1 6



co m p arab le  m onohu lls . H ow ever this can only be ach ieved  by carefu l 
design o f the control surfaces.

3. Slow speed m anoeuvring is excellent due to the availability o f large amounts o f 

differential thrust from  widely spaced propellers.

4. U nlike m onohulls turning perform ance is very speed dependent for m ost SW ATH 

designs. Turning diam eters increase with speed as we move from  the m edium  to 

high speed range, particularly for designs with surface piercing rudders.

A m anoeuvring prediction program  was developed for SW ATH vessels operating 

in the low  to m edium  speed range. This program  determines the rudder size required 

for a given vessel, and estim ates the resulting turning perform ance for that vessel. The 

program  m ay be applied to SW ATH vessels fitted with rudders both in and out o f the 

propeller s lip s tream  and possessing  w idely d ifferen t resistance and  p ropu lsive  

characteristics.

The program  has been run for a num ber o f existing SW ATH designs for which full 

scale trials in form ation  is available. The results/predictions from  the program  were 

found to agree closely with the actual values observed on trials.

In addition full scale m anoeuvring trials on the 20 ton SW ATH fishing vessel "Ali" 

have been conducted and data on the turning performance collected. This data will be 

analysed and the results reported in due course.
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CH A PTER 5

ENVIRONMENTAL LOADING

5.1 Introduct ion

O ne o f the greatest draw backs o f SW ATH geom etry is the high (relative to a 

monohull) structural weight fraction. This is due to the increased surface area / volum e 

ratio associated  with the vessels. Since structure com prises the largest single w eight 

group o f  any vessel, and on SW A TH  m ay be up to 40%  of the displacem ent, it is 

obvious that reductions in structural w eight significantly im prove the capability o f the 

ship. Increases in the capability o f the vessel may result from the increased payload and 

therefore range afforded by reductions in structural weight. A lternatively if the savings 

in structu ral w eigh t are allow ed to reduce  ship d isp lacem ent, then overall ship 

construction and operation costs m ay be reduced.

S tructural design com m ences w ith an understanding o f the loads and load paths 

through the structure. A n accurate defin ition  o f the governing loads is therefore 

essential in order to design a ship with adequate but not excessive structural integrity.

Unfortunately traditional design approaches cannot be applied to the unconventional 

SW ATH form . C urrent SW A T H  structural design criteria  are therefore still largely 

em pirical, a lthough  there  are few  SW A T H  ships in service w hich can prov ide 

feedback.

W ithout the extensive database o f full scale experience, available for m onohulls, it 

is necessary to use theoretical m ethods and m odel tests for the prediction o f loading. 

The predictions obtained  are applied together with wave spectral analysis techniques 

and finite e lem ent analysis in an effort to determ ine suitable structural scantlings for a 

given SW A TH  vessel.

Considerable uncertainty still exists regarding the reliability o f currently available 

prediction techniques.This study aims to review  and com pare available m ethods and to 

determine the current 'state o f the art' in SW ATH wave load prediction.
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5.2 L o a d i n g  D e f in i t i o n

The 'prim ary', o r governing, global loads on a SW ATH vessel are:-

1. Side Force Fy

2. Vertical Shear Force Vz

3. Transverse Bending M om ent Mx

4. Y aw  Splitting M om ent Mz

These are illustrated in Fig 5.1.

In d irec t con trast w ith m onohulls, where the dom inant loading is longitudinal 

bending, the prim ary  loading for SW A TH  vessels is a transverse bending m om ent 

across the connecting deck and struts. This bending m om ent is prim arily due to wave 

induced side forces on the hulls and struts. In addition still w ater bending m om ents, 

due to non uniform  w eight /  buoyancy distributions, increase the 'prying' m om ent. The 

situation is aggravated  w here a twin hull vessel is operated  in oblique seas, w hen 

long itud inally  non uniform  distributions o f w ave induced side load  resu lt in  yaw  

splitting m om ents.

The o ther global loads which govern design are the vertical shear forces across the 

box structure. These forces consist o f two parts due to the dead load w eight o f the box 

with acceleration effects, and to differential heaving o f the twin hulls. The dead  load 

w eight o f  the box produces shear loads which m axim ize at the box strut intersection 

and fall to zero at the ship centreline. The differential loads due to heaving are constant 

across the box span.

L ongitud inal bending m om ents and pitch torsional m om ents occur too, due to 

d ifferen tia l in stan taneous buoyancy forces acting  on the tw in  hulls. In  add ition  

longitudinal and  transverse shear forces in the cross deck structure resu lt from  the 

wave induced  side force and differential surging o f the tw in hulls in quartering seas. 

H ow ever these  load ings are re la tive ly  in sign ifican t and  m ay be co n sid e red  as 

'secondary' g lobal loads.

It has now  been well established, by m eans of extensive m odel testing together with 

full scale trials on  the S.S.P. K aim alino, that m axim um  transverse bending m om ents 

occur w hen a SW A TH  vessel is at, or near zero speed in beam  seas (R ef 1).
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Since the yaw  torsional m om ents are greatest for headings betw een 15 and 45 

degrees o ff  the beam  (R ef 2). It is therefore likely that these yawing m om ents will 

combine w ith the transverse m om ent to define limiting sea states for vessels operating 
in bow quartering seas (R ef 3,4).

Results to date indicate that wave induced side load on SW ATH form s reaches a 

m axim um  for w avelengths 3-4 tim es the underw ater beam o f the vessel (R ef 5). In 

addition it has been noted  that m axim um  sideload m ay vary by a factor o f  two 

depending on ship configuration.

Side load  is found to be rela tively  unaffected by changes in hull separation, 

however it increases rapidly with increasing draught (Ref 5). Increasing draught also 

increases the lev e r arm  fo r cross deck bending m om ent, (assum ing the w et 

deck/w aterline c learance  rem ains constant). W ave induced bending m om ents are 

therefore worse on SW A TH  vessels than on conventional catamarans, the requirem ents 

of seakeeping and structural weight reduction proving to some extent conflicting.

From  the foregoing it w ill be realised that the reliable prediction o f wave induced 

side load is vital. O ne o f  the principal thrusts o f  the U.S. Navy's developm ent effort 

has been to determ ine the m agnitude o f this load and to develop a method for predicting 

the m axim um  lifetim e values likely to be experienced (Ref 6).

In this study attention has therefore been focused on the prediction o f wave induced 

side load and  associated  cross deck transverse bending m om ent. The prediction o f 

loading response by experim ental, analytical and em pirical m eans is discussed, and 

techniques for the evaluation o f short term and lifetime extreme values are introduced.

£ 3  T ech n iq u es A va ilab le

5.3.1 S tru ctu ra l R esp on se  M easu rem en ts from  M odel T ests

D espite the developm ent o f  several analytical techniques, m odel tests rem ain the 

most reliable m eans o f predicting wave loading on SW ATH ships. M odel tests are to 

date the only w ay o f investigating changing wave patterns due to the tunnel effects in 

catamaran and SW A TH  vessels. In addition they have until very recently been the only 

way of incorporating speed effects.
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The m ost extensive program  of tests to date was carried out at the D avid T aylor 

Naval Ship Research and D evelopm ent centre during the 1970's. E leven single strut 

SW ATH configurations were tested together with two tandem  strut full scale vessels 

including the SSP K aim alino. On com pletion o f testing two o f the single strut m odels 

were converted  to tandem  strut configurations and retested. In this way data fo r 15 

vessels was collected.This work has been well reported and results are freely available 

(R ef 6-13). The experim ents covered  vessels ranging in size from  3,000 -100,000 

tonnes d isp lacem ent. It w as the results from  these tests together w ith  analy tical 

predictions u tiliz ing  2D theory , that Sikora et al (R ef 6-8) used  to develop the ir 

'standard' algorithm  for the prediction o f side loads on SW ATH ships.

A sim ilar program  o f w ork was undertaken by the jo in t Canadian /  N etherlands 

SW ATH Ship P roject. C ollaboration betw een the D efence R esearch Estab lishm ent 

A tlantic D R E A  o f  C anada and M A R IN  (N etherlands) led to the developm ent o f  an 

algorithm  for p red ic ting  design side load based  on the results o f  m odel tests on 

approxim ately 10 single strut designs. This algorithm  is incorporated in the SW A TH  

concept exploration m odel developed by Nethercote et al (Ref 14,15). Predictions from  

the algorithm  are believed to be reliable , but unfortunately both the algorithm  and the 

test data from  w hich it was derived rem ain unpublished.

M odel tests in B ritain  have been lim ited to those tests perform ed at the A dm iralty 

R esearch  E s tab lish m en t a t H aslar (R ef 16) and  the U n ivers ity  o f  G lasgow 's  

H ydrodynam ics L aborato ry  (R ef 17-20). Three vessels o f tandem  and single stru t 

configuration have been tested at G lasgow while the em phasis at A RE H aslar has been 

on a single stru t m odel closely  based on a U .K . M OD Sonar Surveillance V essel 

design. Both sets o f  tests were principally designed to provide validation o f  analytical 

prediction tools under developm ent.

M itsui E ngineering  and Shipbuild ing have built m ore SW A TH  vessels than any 

other organisation. The com pany have conducted m any loading tests at m odel and full 

scale. D espite  this hardly any inform ation is freely available from  Japanese sources 

(Ref 2 1 ,22 ).

5.3.2 A n a ly tica l E va lu a tion  o f  R esponse

Theoretical predictions o f wave load are generally developed in conjunction w ith 

predictions o f m otions, since these two problem s are closely related. The prediction o f 

these loads was initially pioneered by Lee and Curphey at the D avid Taylor Naval Ship
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Research and D evelopm ent Center (DTNSRDC) during the 1970's (Ref 9,23,24). The 

m ethod they developed is closely based on the analytical m ethod previously developed 

at the centre for catamarans.

A lthough the techniques have evolved significantly since, the m ethod offered by 

Lee and C urphey  (R ef 9) still offers acceptably accurate resu lts fo r the lim iting  

condition (zero speed in beam  seas), and is less intensive in term s o f com puter tim e 

than o th er m ethods. F o r these reasons it rem ains to date  one o f the "industry  

standards".

All cu rren tly  available m ethods for the prediction o f w ave loads on SW A T H  

structures, rely on one o f two approaches

1. 2D Strip Theory

(Using source sink distribution techniques or approximate methods)

2. 3D Panel Theory

(Always based on source sink distribution techniques)

In the fo llow ing pages both these approaches are introduced and briefly  described, 

together w ith brief general statements on their relative merits.

2D Strip Theory

This w as the approach adopted by Lee and Curphey. Essentially it involves splitting 

the vessel in to  a num ber o f  two dim ensional transverse "strips". The w ave pressure 

distribution and the total wave load is then derived by integrating the pressure on each 

of these discrete elem ents along the complete vessel.

In o rd e r  to p red ic t structu ral responses by this techn ique there  are five 

components o f  w ave and m otion induced load which must be evaluated

a) Body M ass o r Inertia Force,

b) Incident W ave or Froude-K rylov Force,

c) D iffracted W ave Force,

d) H ydrodynam ic Force, due to body motion and

e) H ydrostatic Restoring Force, due to body motion.
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The first o f  these is calculated directly from the mass and acceleration o f the body, 

whereas the rem ain ing  com ponents are derived by integrating the corresponding 

pressure distributions acting on each "strip" over the wetted surface o f the vessel.

The pressure distributions, due to wave acceleration and rigid body m otions, m ay 

be found directly from  the solution of diffraction and radiation potentials respectively. 

A lternatively a m ethod such as the small body approximation (Ref 25) may be utilized 

to estim ate the w ave forces. This approach allows reasonable estim ates o f wave 

loadings to be produced  quickly and cheaply at the feasibility stage o f  the design 

process.

The resu lting  force com ponents are then superim posed taking phase angle in to 

account in order to determine the total structural load acting on the structure.

In order to sim plify the problem , so that 2D strip theory m ay be applied to twin 

hull vessels, the follow ing assumptions were proposed by Lee and Curphey [24]:-

1. The hulls are assum ed sym m etrical about the vertical centre plane and to possess 

longitudinal sym m etry, therefore, only the sway, heave and roll m odes o f m otions 

are excited by incident beam  waves,

2 . W ithout p itch ing  or yaw ing m otion, the three-dim ensional loading problem  has 

been sim plified into loadings on an equivalent two-dimensional body,

3. The ship is approxim ated by uniform  twin cylinders having cross sectional shape 

equal to a representative section (usually midship section) o f the ship analysed,

4. The p red iction  is lim ited  to loads exerted in the transverse cross section plane. 

Thus, only  the the vertical bending m oments, horizontal shear forces and vertical 

shear forces are considered in beam  seas.

The above technique incorporating wave diffraction and body m otion m ay be used to 

predict the dynam ic  structural loading on a twin hull ship with o r w ithout forw ard 

speed at any heading. H ow ever in the 2D m ethod no account is taken o f interaction or 

interference effects betw een the strips. D espite this, analytical predictions using this 

method at D T N SR D C  have been com pared with a large num ber o f  experim ental and 

several full scale test results. G ood correlation has been observed confirm ing the basic 

validity o f  the developed analytical method (Ref 9).

1 2 7



3D Panel Theory

This technique is similar to the 2D method but as the name suggests, account is also 

taken o f vessel and wave m otion in the third dimension. The vessel is subdivided into 

a num ber o f three dim ensional panels rather than 2D strips. In this way non uniform  

pressure distributions may be incorporated. The 3D approach allows consideration o f a 

greater range o f hullform s than 2D "strip" techniques.

The pressure distribution on each panel, due to wave acceleration and rigid body 

motions, is evaluated by solving diffraction and radiation potentials respectively. The 

application o f 3D theory is relatively new, since the vastly increased requirem ents (over 

2D m ethods) for com puting pow er have been unavailable until relatively recently.

P rog ram s u tiliz in g  th is approach  are now availab le  (R ef 26 ,27 ,28 ). The 

'M ARCHS' suite recently developed at Glasgow U niversity is a good exam ple o f  its 

kind. These program s will predict first and second order wave forces (m om ents) for 

any type o f vessel operating at arbitrary headings in regular waves, w ith or w ithout 

forward speed.

These program s represent the current 'state of the art' in wave loading prediction 

tools. T heir prim ary advantages over 2D methods are their versatility w ith respect to 

hullform  configuration  and their ability to solve problem s including torsional loads. 

Quartering seas can be m ore accurately dealt with using 3D methods. Given the present 

advances in  com puter pow er it seem s probable that these program s w ill shortly  

supersede those based on 2D  strip theory and become the new "industry standards".

Hvdro-Elasticitv Theory

A substantially  different approach to those previously discussed was developed at 

Brunei U n iv e rs ity  (R ef 28-33). This approach is based  on genera lised  lin ea r 

hydroelasticity theory and finite element modelling techniques.

The m ajor d ifference betw een this approach and seakeeping-based load prediction 

methods is that the structure is treated as an elastic one, whereas in seakeeping based 

approaches the vessel as regarded as a rigid body.

The method can be considered to consist o f two parts; a "dry"part and a wet part

The first step involves determining the structural properties o f the vessel including
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detailed inform ation on the m ass, dam ping and stiffness o f the structure in the dry or 

vacuo m ode. A finite elem ent package is utilised to determ ine these quantities and 

thence the dynam ic characteristics o f the structure in the absence o f external forces.

O nce the "dry" dynam ic characteristics o f the vessel are know n the vessel is 

analysed in w aves (external forces) to determ ine the generalised flu id  loading on the 

structure. This "wet" analysis is perform ed using a 3D source sink distribution panel 

m ethod which considers the influence o f forward speed.

T his analy tical prediction m ethod has recently  been ex tensively  im proved  to 

account fo r the effects o f non-linear fluid forces and ex tended  to assess response 

behaviour in the tim e dom ain (R ef 33). The m ethod has been em ployed to analyse the 

structural responses (ie. displacem ent, distortions, bending m om ents, shearing forces, 

torsional m om ents and stresses) o f an idealised flexible SW A TH  travelling in regular 

waves (R ef 30-33).

H ydro-Elasticity theory is by far the most com plex technique to be em ployed in the 

effort to p red ic t w ave induced loadings on a SW A TH  structure. As such it m ay be 

assum ed that the technique will provide accurate estimates for these loadings, how ever 

the m ethod  has several serious draw backs. Som e authorities suggest that although 

prom ising in concept, it is probable that m ass-inertia, added m ass and dam ping effects 

caused by rig id  body m otion are large enough to negate the effects o f  those due to 

deform ations o f the vessel.

The m ethod is extrem ely heavy on com puter tim e and the program s are reported  to 

be "user-unfriend ly" requ iring  a sk illed  operato r with de ta iled  know ledge o f  the 

structural p roperties  o f  the testcase  vessel. They cannot therefore  be used  at the 

feasibility stage o f the design process, rather they should be regarded  as a checking 

routine fo r the final design. This severely limits the applicability o f the softw are in the 

design environm ent.

5.3.3 S p ectra l A n a lysis  T ech n iq u es

The techniques previously described predict the instantaneous loading experienced 

by a vessel subject to  previously  defined wave conditions. In order to  pred ict likely 

values fo r the m axim um  lifetim e loading on the structure, operational profiles for the 

vessel m ust be taken into consideration along with the m agnitude o f  sea states and their 

probability o f occurrence.
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Several techniques exist to determ ine this value. Sikora et al (Ref 6-8) applied the 

fo llow ing m ethod to predict the once in a lifetim e m axim um  loading likely  to be 

experienced by a given vessel. The extrem e value or once-in-a-lifetim e m axim um  

loading is defined as the loading which is exceeded once in the lifetime o f the ship.

For any given vessel the operating m ode m ay be defined in term s o f its speed, 

heading relative to the w aves and the sea conditions in w hich it operates. The sea 

conditions are generally described in terms o f wave heights and spectral shapes (fully 

developed, rising sea, swells etc). The probability o f operating in any one m ode is the 

product o f  each o f these individual probabilities. This probability value depends on the 

role and operating environm ent for which the vessel was designed. For each operating 

m ode there  ex ists a unique am plitude response spectrum  correspond ing  to that 

combination o f sea and operating condition. This amplitude response spectrum  is given 

by the product o f the relevant wave spectrum and response amplitude operators for that 

operating m ode. (The response am plitude operator or RAO is defined  as the Ship 

Response A m plitude /  W ave Am plitude). Accordingly, each response function defines 

an am plitude probability  d istribution where the num ber o f cycles in  each o f  these 

distributions is equal to the tim e spent in that operating m ode m ultiplied by the w ave 

encounter frequency for that spectrum.

For a narrow  banded response and norm ally d istributed exciting  function , each 

response function m ay be described in term s o f a Rayleigh d istribution o f  response 

m agnitude and corresponding  num ber o f cyclic responses. The num ber o f response 

cycles exceeding specified limits m ay then be determ ined from  the area under sectors 

of this curve. U sing this technique, an exceedence curve o f response m ay be derived 

for each and every operating mode. The total lifetime response spectrum  is given by the 

sum m ation o f all these individual spectra. From  this final spectrum  the extrem e value 

loading is calculated as the loading which is exceeded once in the lifetime o f the ship.

From  the foregoing it will be realised that evaluation o f m axim um  lifetim e loading 

using long  term  p red ic tion  techniques is a com plex and lengthy  p rocedure . The 

reliability o f  the m ethod is also questionable. A lternatively predictions based on short 

term wave statistics are comparatively readily available and therefore frequently used.

O chi (R ef 34) has dem onstrated the value o f prediction techniques based on short 

term w ave statistics. A sim plified  short term  extrem e value prediction m ethod  was 

therefore adop ted  for this study. The technique and equations used are de ta iled  in 

Appendix C.
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5.3.4 E m p ir ic a l  A lg o r ith m s

The first algorithm  for the prediction of wave induced side force on SW A TH  ships 

was derived  by Sikora et al (R ef 6). This was based on a series o f m odel tests 

undertaken at D TN SR D C. Using the same database the Am erican Bureau o f  Shipping 

have produced their own loading algorithm s for SW ATH vessels. These are presented 

in the form  of a "Prelim inary Guide for Building and C lassing o f Sm all W aterplane 

Area T w in H ull (SW A TH ) Vessels" . This guide, which rem ains unpublished at the 

time of writing (Septem ber 1991), is to date the only specific attempt by a classification 

society to predict SW ATH vessel loadings.

In add ition  D et norske  V eritas have recently  updated  the ir R ules fo r the 

C lassification o f H igh Speed and Light Craft. The revised rules now contain form ulae 

suitable for estim ating the accelerations and loading on fast displacem ent craft including 

SW ATH vessels.

Sikora et al suggest that the M axim um  Lifetim e value o f  the W ave Induced Side 

Force on the structure m ay be taken as

F =  A D T L  Tons

(Eqn 5.1)

Where

A =  D isplacem ent (ton)

D  =  1 .5 5 -0 .7 5  ta n h ( A /11000)

T  = 0 .5 3 2  draft ( f t ) / ( V a )

L  = 0 .7 5  + 0.35 ta n h (0 .5 L ,-  6.0)

L , = s tru t length ( f t ) / (V A )

This force m ay be taken to act at a point at half draught,
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The M axim um  W ave Induced Transverse Bending M om ent acting on the cross deck 

structure is therefore

BM = ADTL.X Tonsft

(Eqn 5.2)
W here

X  =  (H eight o f Section -  Draft /  2)

These values correspond to a ship operating for 3600 days in a severe portion o f the 

North Atlantic at random  headings.

In addition to these wave loads, buoyancy forces due to the hull and struts together 

with dead loads m ay contribute to the transverse bending m om ent depending on the 

geometry.

H orizontal T orsional M om ents can be calculated  by m ultip ly ing  the side force 

defined above by the strut length and a "torque arm factor" o f betw een 0.05 and 0.25 

dependent on heading (R ef 7).

The m axim um  w ave induced differential Shear Force in the cross deck  structure 

may be assum ed to be 1/4 o f the side force for conceptual designs (R ef 7).

It should be noted that these algorithm s were obtained from  regression fits on data 

obtained from  m odel tests on 15 SW A TH  m odels fo r the range 3000-30,000 tonnes 

displacem ent. The algorithm  is therefore strictly only valid for vessels o f  3000 tonnes 

or m ore displacem ent. In practice, as will be seen later, the algorithm s m ay be applied 

with reasonable  accuracy to vessels o f m uch sm aller displacem ent, how ever in these 

cases the results m ust be treated with some caution.

Chalm ers (R ef 2) reports the follow ing refinem ents to the w ork o f S ikora et al for 

tandem  stru t designs. The m axim um  expected side force in 20 years life  w ith 180 

days/year spent at sea (3600 days) is

F = ADTLg k N / m
(Eqn 5.3)
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Where

g =  gravitational acceleration 

A = D isplacem ent (ton)

D =  1 .5 5 -0 .7 5  ta n h ( A /11000)

T  = 0 .5 3 2 d ra f t( f t ) / (V A )

L = - 0 .7 2 5  + 2 .9 8 9 tan h (L c /2 4 )

L c = L s +  0 .5 (L lh -  L s)(D h /  t)(l -  0.1G /  D h)

L s =  strut length (ft) /  (V A )

L m =  low er hull length /  (V A )

D h =  low er hull diam eter /  (Va )

G =  gap betw een struts /  (V a ) 

t =  draught /  (V A )

For single and twin strut vessels,

Torsional (Taw ing) M om ent on the v e s se l: -

M t = O.ISF^a x L j

Shear Force in the Cross D eck Structure : -

SF = 0.25Fmax +1.25 g M b/2

Where M b/2 =  half the box mass
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This force is greatest in the region just inboard o f the haunch.

Both these form ulae were deduced from unpublished US sources.

In addition Chalm ers recom m ends that the vessel be designed to withstand Vertical 

(Pitch) T orsional m om ents resu lting  from  grounding on two d iagonally  opposite  

comers. This is the m ost im portant accidental loading and will provide the m ost severe 

values o f torsional m om ent experienced by the vessel.

Chalmers also offers some suggestions for com bining prim ary loadings.

These are sum m arised for the headings given in Table 5.1.

Wave Heading Beam Bow / Quartering Head / Following
Loading
Transverse Bending Design 0.8 Design 0.15 Design
Shear Force Design Design Design
Horizontal Torsion 0.25 Design Design 0.10 Design
Longitudinal Bending 0.15 Design 0.8 Design Design

T able 5.T Suggested Combination Factors for Wave Induced Loads

(Ref 2)

A vessel should  be designed for the worst com bination o f these loads.

The above algorithm s are in tended  for use at the prelim inary o r concept design 

stage, ie. once the m ain  dim ensions have been decided. H ow ever in m any cases the 

designer w ill a lso  require an estim ate o f  loading at the feasibility stage o f  the design 

process, i.e. before  the m ain dim ensions are selected. To this end U niversity College 

London (U C L ) deriv ed  the fo llow ing  form ula (R ef 35) based  upon a reg ression  

analysis o f  published  data,

F  =  K x  A0'77
(Eqn 5.6)

W here K =  7 .94  fo r single struts and 4.26 for tandem  struts.
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It w ill be show n later that this form ula is only applicable to vessels in the range 

3000 tonnes displacem ent and upwards. This to be expected since it was derived from  

regression analysis of data for vessels of that size.

For sm aller vessels, RM I Ltd, the designers and builders of the 60 tonne SW ATH 

dem onstrator 'H alcyon1, have estim ated the m axim um  side force on a vessel o f this size 

to be around 0.95-1.0 times the displacem ent (R ef 36,37).

F = (0.95 -  1.0)A
(Eqn 5.7)

The R M I estim ate agrees surprisingly well with the m aximum  life time value of side 

load for a 3000 tonne SW A TH  vessel given by Sikora et al (R ef 6) as equal to 0.94 

times displacem ent.

These algorithm s together with those form ulae presented in the ABS "Prelim inary 

Guide fo r B uild ing  and C lassing  o f Sm all W aterplane A rea Tw in H ull (SW A TH ) 

Vessels" and the recently available DN V formulae, represent the full extent of currently 

available sem i-em pirical techniques specifically  in tended for p red icting  the w ave 

induced global loadings on Sm all W aterplane Area Twin Hull ships.

5,4 Classification Society Approaches

5.4.1 American Bureau of Shipping

A.B.S. are to date the only classification society to have form ulated rules dedicated 

to SW A T H  vessels. The ru les rem ain to date unpublished and exist only in a lim ited 

circulation docum ent entitled  "Prelim inary Guide for Building and Classing o f Sm all 

W aterplane A rea Tw in H ull (SW ATH) Vessels" (Ref 38). Unlike the Lloyds catam aran 

and D nV  fast c raft rules (R ef 39-41), the ABS SW A TH  guide applies only to steel 

construction and there are no limits on length, speed or operability.

The guide states that "the SW A TH  should be analysed for structural adequacy in a 

seaway using anticipated  loads, including gravity loads together with environm ental 

loads due to the effects o f  waves. The wave loads are required to be determ ined from  

ship m otion response in realistic sea conditions." Vessels to be classed for unrestricted
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service are to be analysed using wave loads determined from seakeeping analysis based 

on typ ical N orth A tlan tic  Sea spectra. This condition m ay be relaxed  for vessels 

operating in a lim ited region.

W ave and m otion induced loads are calculated using a program  developed at ABS. 

These program s are based on two dim ensional source-sink distribution m ethods. These 

account fo r hydrodynam ic interaction between the hulls, to com pute hydrodynam ic 

coefficients and w ave forces, and solve for the six degrees o f freedom , m otions o f the 

vessel oscillating in regular waves o f unit amplitude.

T he analysis is perform ed at zero speed only since model tests indicate that the 

critical loads are m axim ized in this condition. The RAO's o f the critical loads are then 

com bined w ith re levan t sea spectra to obtain load spectra from  w hich short term  

extreme values can be easily predicted .

ABS iden tify  side force and prying m om ent together with sp litting  (yaw ing) 

m om ent as the critical loading cases. In-plane axial stresses in the box (due to side 

force) and struts (due to inline and dead loads) are generally not considered for concept 

level structural design  studies. T orsional loads have also been show n to p roduce 

negligible stresses and are therefore neglected at this stage.

In addition to  the d irect evaluation m ethod described above, the new guide offers 

concept level design  algorithm s fo r the m ajor global loads. These a lgorithm s are 

derived from  U .S . N avy m odel test data and consequently bear close resem blance to 

those offered by Sikora e t al (R ef 6-8).

5.4.2 Lloyds Register of Shipping

Lloyds R egister o f  Shipping do not at present have rules specifically applicable to 

SW ATH form s. H ow ever their Provisional Rules for the C lassification o f H igh Speed 

Catamarans (R ef 39) (Provisional @ 31/9/90) are in theory applicable to all allum inium  

passenger carrying catam arans where, in general, the length o f the catam aran exceeds 

15 m etres and the speed exceeds 20 knots.

The following are extracts from the rules:-
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"For the purpose o f the Rules, a catam aran is defined as a craft w ith two hulls, o f 

either sym m etric or asym m etric form, linked by a bridging structure".

"The craft m ay be o f  the displacem ent, semi-planing or wave piercing types."

Since these definitions obviously encompass SW ATH vessels, it m ust be assum ed 

that the rules are applicable. It m ust be rem em bered that a SW ATH ship is m erely a 

form o f m odified catamaran.

General Considerations

1. F o r craft exceeding 65 m etres in length or 45 knots the loading and scantling 

determ ination  m ethods given in the Rules m ust be supplem ented by d irect 

calculation techniques.

2 . F o r vessels w here Speed/(Square root o f the W aterline Length) is outside the 

range 3.6-10.8 , the loads m ust be specially considered.

3. C raft built and classed in accordance with the Rules are assigned an operational 

envelope , based on speed, wave height and corresponding displacem ents.

(See A ppendix D  o f this th e s is )

4 . A lternative m ethods o f determining the accelerations and loads will be specially 

considered  by L loyds if  based on m odel tests, full scale m easurem ents or 

generally accepted theories.

5. T he accelerations o f fast displacem ent craft e.g. SW A TH 's w ill be specially 

considered  based  upon m odel tests, full scale m easurem ents o r generally  

accepted theories.

N.B. T he ru les do  not o ffe r any form ulae suitable for the de term ination  o f  the 

accelerations o f  fast displacem ent craft e.g. SW ATH vessels.
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Global Loads on the Cross-Deck Structure

Tw in H ull Transverse Bending M oment (about a longitudinal axis),

M b = 2 .5 A b a v kNm
(Eqn 5.8)

T w in  H u ll T o rsio n a l C onnec ting  M om ent (about a tran sv erse  ax is),

M t = 1.25ALs av kNm
(Eqn 5.9)

Vertical Shear Force (at the cross-deck centreline),

Q = 2.5 A a v kNm
(Eqn 5.10)

W here

a v V ertica l A cce l'n  in 'g ' at the LCG  (Long C entre  o f  G rav ity ),

b  Transverse Separation o f the two hulls in m

^  s W aterline length in m (not less than 0.86 Length oa)

A Ship Displacem ent in tonnes

It is instructive  to note that the rules offer no em pirical form ulae for the d irect 

calculation o f horizontal (yawing) torsional moments. This loading has been identified 

by the U .S . N avy and the A .B .S. as one o f the two m ost im portan t for SW A T H  

vessels (R ef 3,7,8). This om ission points to the light planing/sem iplaning catam aran 

heritage o f  the rules and leads to the inevitable conclusion that the other form ulae m ust 

be treated w ith caution w hen applied to SW ATH forms. In addition it should be noted 

that these rules do not provide algorithm s suitable for the determ ination o f the vertical 

accelerations o f fast displacem ent craft, these values m ust be found by other m eans e.g 

model tests o r full scale measurem ents.

5.4.3 Det norske Veritas

D N V  do not have rules specifically intended for SW ATH vessels either. The 1985 

"Rules F o r T he C lassification  o f H igh Speed Light C raft” (R ef 40) have how ever
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recently  been substantially revised and updated (Jan 1991) to cover fast displacem ent 

craft including SW A TH 's. (R ef 41).

T hese  ru les cover the design  and construction  o f high speed and ligh t craft 

constructed in steel, alum inium  or fibre composites.

For the purposes o f these rules high speed craft are defined as vessels with Froude 

N o's g rea ter than  0 .7 . L ig h t craft are vessels designed  for light d isp lacem en ts 

com pared w ith steel ships loaded in accordance with ILLC convention. Thus a light 

craft is defm ed as a vessel with a full load displacement not more than

A =  (0.13LB)1'5 tonnes

(Eqn 5.11)

F or catam arans the breadth o f the tunnel at load waterline is to be deducted from  B. 

V essels w ith  d isplacem ents in excess o f the above requirem ents are to be classed in 

accordance with the rules for steel ships.

M any sm all SW A TH  vessels fall into the above categories, particularly those built 

in alum inium  for the purpose o f carrying passengers.

In com m on w ith L loyds R egister, craft built and classed in accordance w ith the 

D N V  ru les are assigned  an operational envelope, based on speed, w ave height and 

corresponding  d isp lacem ents. D etails o f these service restrictions m ay be found in 

Appendix D. It is interesting to note that the 1991 rules include more precise definitions 

of these operability  lim its than the previous (1985) rules. This presum ably reflects a 

greater aw areness on the part o f D N V  o f the increasing range o f applications and 

"rough w ater" roles now envisaged for catam arans and SW ATH's.

Global Loads on the Cross-D eck Structure

The 1991 Rules offer two m ethods for estim ation o f transverse bending m om ent on 

the cross structure o f a "catamaran"
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1. For Planing and Sem i-Planing craft in the Planing M ode.

Transverse Bending M om ent in the Cross Deck Structure :-

Aa„„b
-TM r = — k Nm

(Eqn 5.12)

W here

a cg Design Vertical Acceleration in m/s**2

b Transverse Separation of Hull Longitudinal Centrelines in m

s Factor 4-8 Depending on Service Restriction (See Appendix D)

A Fully Loaded Displacement in tonnes

This was the only form ulae offered in the 1985 version o f the same rules. A lthough 

it is not really applicable to displacem ent SW ATH forms, it is included here because o f 

its sim ilarity  to the L loyds form ulation. It is also dem onstrated  in A ppendix  F  that 

incorporating suitable values o f acceleration into this form ula m ay produce reasonable 

values o f transverse bending moment.

2^ F or H igh speed D isp lacem en t craft and S em i-P lan ing  craft opera ting  in the 

D isplacem ent m ode. D nV  offer two form ulae for the calculation o f transverse bending 

moment. The first is acceleration based in its approach while the other relies on a static 

analysis o f the forces acting.

DnV require the Tw in Hull Transverse Bending M om ent to be taken as the greater of:-

My = M y0( l - a cg) kNm

My = MyO + Fy (Z — 0.75T) kNm

(Eqn 5.13 , 5.14)
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Where:-

acg = k ^ 0 . 8 5  + 0 .2 5 - ^  jg 0 ms-2

(Eqn 5.15)

L, B, and T are the vessels length, beam and draught in metres.

C w =  W ave Coefficient for HS D isplacem ent Craft 

=  0 .08L  for unrestricted service

M y0 =  Still W ater Transverse BM  kNm

Z =  H eight o f Cross Structure NA above base in m

V = V e sse l  Speed  in knots

Fy =  H orizontal Splitting Force on Hull kN m

An approxim ation for the still w ater transverse bending m om ent acting on a typical 

SWATH vessel is given in Appendix E.

The form ulae g iven in the 1991 rules for shear force and pitch  connecting  m om ent 

remain unchanged from  the acceleration based formulae given in 1985 : -

(Eqn 5.16)

C, = 1 . 6 -
6

Vl
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Shear Force in the Cross D eck  Structure :

Aac„ 
S  =  —

(Eqn 5.17)

q - Factor 3-6 D epending on Service Restriction (See Appendix D)

The lim iting case given by these form ulae corresponds to a condition where one hull is 

com pletely out o f  the w ater and its full static w eight is supported by the transverse 

moment.

P itch Connection (Torsional) M om ent on Cross Deck Structure : -

A a ™ L
M i

■eg'

8
(Eqn 5.18)

This M om ent corresponds to a docking condition w here the hulls are supported  at 

diagonally opposite com ers on points (Loa/4) fore and aft o f the LCG respectively.

In com m on w ith  the L loyds ru les no d irect calculation m ethod is o ffered  fo r the 

evaluation o f  horizontal (yawing) torsional moment.

5,5 Comparison of Prediction Techniques

In order to com pare prediction techniques it is necessary to select 'testcase vessels'. 

The SW A TH  M .V. Patria and the T-AGOS 19 were identified for this purpose since:-

1. They are feasible designs representative o f two very different displacem ent ranges. 

Extensive geom etric and structural details are available for both vessels.

2. T he M .V . P a tr ia  is b u ilt in  a lu m in iu m  w ith  a d es ig n  sp eed  o f  30 

kno ts. T h e  v e sse l is th ere fo re  covered  by the L loyds and  D nV  ru les  

for design and classification o f high speed catam arans .
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3. E x te n s iv e  e x p e rim e n ta l and  th eo re tic a l an a ly sis  o f  the  T -A G O S  19 

design has already been perform ed at DTN SRD C. Results are therefore already 

available for com parative purposes.

4. It seem s lik e ly , g iv en  the  a v a ila b il ity  o f  in fo rm a tio n , th a t b o th  

v esse ls  are  d e s tin e d  to  p lay  an im p o rtan t part in la te r  stages o f the  

in te g ra te d  s tru c tu ra l d es ig n  p ro g ram  fo r SW A T H  v e sse ls  c u rre n tly  

underw ay at the University.

Once these vessels were adopted attention was focused on prediction techniques.

Since m odel testing was outw ith the scope o f this study, published  experim ental 

results w ere obtained. U nfortunately  no suitable tests w ere ever perform ed on the 

model o f the M .V . Patria. A dequate inform ation is how ever available for the T-A G O S 

19 and several o ther SW A TH  ships.

Secondly an attem pt was m ade to evaluate transverse side load in beam  seas directly 

by using  the  3D 'M A R C H S’ suite o f p rogram s and by an approx im ate  m ethod  

developed for the study. ABS predictions of side load based on 2D theory for the 

T-AGOS 19 w ere also obtained.

Short term  spectral analysis was then applied to both experimentally and analytically 

derived side load  response data. In this way the m ost probable extrem e and design 

extrem e values o f  w ave induced side load were obtained. T hese pred ictions w ere 

com pared  d irec tly  w ith  the design  values derived  em pirica lly  using  pub lished  

algorithms and classification society approaches.

5.5.1 Experimental Results

T able  5 .2  taken  from  R ef 6-8 sum m arises the results o f  studies undertaken  at 

D T N SR D C . T hese  studies w ere p rim arily  designed  to p rov ide  da ta  to  allow  the 

developm ent o f the side force algorithm  by Sikora et al (R ef 6). It will be noted that the 

data relates only to vessels in  the 3000-30,000 ton displacem ent range fo r w hich the 

algorithm was developed. Results for vessels o f design displacem ent outw ith this range 

were F roude scaled  up o r dow n accordingly . The figures given rela te  to a vessel 

operating for 3600 days at random  headings in a severe portion o f the North Atlantic.
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Model Displacement Draft Strut Length Side Force 1 Displacement
[Tons] m m Experiment Algorithm (Ref 6) % Difference

Sinple Strut ocrSide
DTRC-A 3046 1.88 10.92 0.865 0.778 -10.0
Dav.Lab. N 3000 2.11 13.65 1.476 1.496 1.3
DavJjib. W 3000 2.11 13.65 1.623 1.496 -7.8
DTRC-81 3400 1.94 12.27 1.239 1.090 -12.0
T-AGOS 19 3500 1.63 12.52 0.896 0.960 7.1
NUC-S ingle 3900 1.80 16.68 1.157 1.356 17.2
DTRC-IVN 4000 1.75 14.32 1.086 1.244 14.5
DTRC-IVT 4000 2.04 14.32 1.525 1.451 -4.9
DTRC-I 22000 1.41 15.63 0.644 0.671 4.2
DTRC-CVW 30000 1.50 16.15 0.674 0.701 4.0
DTRC-CVN 30000 1.50 16.15 0.823 0.701 -14.8
Twin .Strut DcrSide
Kaimalino 3000 2.64 4.59 fwd 

4.17 aft
0.814 [2] 0.809 -0.6

DavJJtb.2 3000 Z l l 5.21 fwd 
5.56 aft

0.892 0.844 -5.4

Marine Ace 3000 1.94 4.01 fwd 
4.48 aft

0.533 [2] 0.586 9.9

NUC-Tandem 3900 1.80 4.58 fwd
4.58 aft

0.464 0.544 17.2

[1] - Dimension = Lengthfft) /  Cube root of displacement (ten)
[2] - Full Scale Trials 190 ton and 18.4 ton respectively

Table 5.2 Maximum Lifetime Sidcload -
Predictions Derived from Model Test Data against Values from Sikora's Algorithm. (Ref 8)

Experim entally derived RA O side load data for the T-AGOS 19 is presented in 

F ig 5 .2  together w ith  .analytical predictions. This inform ation (obtained from  R ef 45) 

was com bined w ith the short term  spectral analysis technique described in Appendix C 

in order to  p red ic t the  m ost probable extrem e and design extrem e loads based upon 

experim ents. T hese  values are g iven  in Table 5.3 along with analy tically  derived  

predictions.

T he d es ig n  ex trem e  va lue  o f  2609 tonnes p red ic ted  is 18% less than  the 

experim en tal p red ic tio n  p u b lish ed  by D T N SR D C  (R ef 7). T his d iffe ren ce  is 

surprisingly large. H ow ever since the sim plified  spectral analysis applied  results in 

more severe cond itions than  those adopted by D TN SR D C  the d iscrepancy m ust be 

attributable to differences in experim ental procedure, only and not to differences in the 

spectral analysis techniques adopted.

5.5.2 A n a ly tic a l ly  E v a lu a te d  R e su lts

The w ave in d u ced  side fo rce ac ting  on T-A G O S 19 and the M .V . Patria  w as 

evaluated directly by :-

1. U tilising  the 3D  ’M A R C H S' suite  o f program s

2. The approxim ate m ethod described in Appendix G

Fig 5.2 p resen ts  ana ly tica l p red ic tions o f  R A O  for T-A G O S 19 using both these 

methods and also the 2D prediction tool used by the Am erican Bureau o f  Shipping.
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In general good correlation is observed between the 3D 'M ARCH S' and 2D ABS 

predictions, although the peak value predicted by 'M ARCH S' is considerably h igher 

than that given by ABS.

It w ill be no ted  that the approxim ate m ethod developed provides reasonable  if  

conservative estim ates o f  RA O  up to the wave frequency corresponding to the peak 

values o f  the 2D  and  3D predictions. The sim ple theory used takes no account o f  

diffraction effects, the resulting  predictions therefore continue to rise w ith increasing 

wave frequency.

Fig 5.3 illustrates sim ilar behaviour for the M.V. Patria.

Table 5.3 presents the m ost probable extrem e and design extrem e values o f  side 

load for T-A G O S 19 and the M.V. Patria. These values were derived using analytically 

determ ined RA O data together with the short term  spectral analysis technique described 

in A ppendix C.

Vessel T-AGOS 19 M.V. Patria

RAO derived 
from

Most Probable 
Extreme [1]

Design Extreme 
Value [2]

Most Probable 
Extreme [11

Design Extreme 
Value [2]

•MARCHS' Prog 3709 4743 131 168

Approx Method [3] 3428 4384 329 421

Experiment [4] 2040 2609 - -

[1] • Probability o f excoodancc = 63.2%
[2] • Probability o f exceedance = 1.0% AU Loads in Tonnes
[3] - See Appendix G
[4] - Published RAO daU (Ref 45)

N.B. All values derived using indicated RAO’s and the short term spectral analysis described in Appendix C.

Table 5.3 Directly Evaluated Short Term Extreme Value Predictions of Side LgadL

F or T -A G O S 19 surprising ly  good agreem ent was noted betw een those values 

derived using  'M A R C H S’ and those derived by the approxim ate m ethod. Indeed the 

design ex trem e va lues p red ic ted  w ere w ith in  8%. In con trast the ex trem e value 

predictions fo r the  M .V . P atria  w ere found to be w ildly d ifferent. In th is case  the 

approxim ate m ethod  led  to extrem e value predictions some two and a h a lf tim es those 

derived using  ’M A R C H S'.
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This result is disappointing if  not entirely unexpected. The difference in prediction 

accuracy m ay be traced to the behaviour o f the calculated RA O  curves in the region 

corresponding to the peak energy density for the Pierson M oskow itz wave spectrum . In 

the case o f  T-A G O S 19 the 'M ARCHS' and the approxim ate m ethod curves lie close 

together, how ever the corresponding RAO curves for the M .V. Patria lie com paratively 

far apart. The spectral analysis technique applied effectively am plifies this discrepancy 

which results in the effect observed.

5.5 .3  E m p ir ic a l ly  D e riv e d  R e su lts

For com parative purposes all available algorithms were applied to both vessels. The 

am ount o f  scatter in the resu lts  h ighlights the im portance o f  app ly ing  re levan t 

algorithms developed for the displacem ent range under consideration.

Predictions o f side force and transverse bending m om ent on the cross structure, are 

presented in Table 5.4 and Fig 5.4 for T-AG OS 19, and in Table 5.5 and F ig  5.5 for 

the M .V . Patria. It should be noted that DnV (1,2) relate to predictions obtained  using 

equations 5.16 and 5.13 respectively.

N.B. T w o o f  the form ulae are acceleration based in their approach and give values 

o f total (w ave induced  + dead  load) bending m om ent d irectly , i.e. w ithout separate 

prediction o f  w ave induced side load. In these cases the side force has been calculated 

indirectly, subtracting the still water bending m oment as indicated in Tables 5.4 and 5.5

A prediction o f transverse bending m om ent for Patria based on the 1985 D nV  Rules 

/  (1991 D nV  Rules Planing craft form ulae) is also included for interest in A ppendix F. 

It w ill be noted that the old (planing craft) form ulae gives reasonable results for Patria 

i /u s e d  w ith  a valid  estim ate o f vertical acceleration. The 1985 DnV rules provide no 

form ulae from  w hich a valid  estim ate for a displacem ent form  cou ld  be obtained. It 

should be noted  that no such form ula yet exists within the L lovds 1990 Provisional 

Rules for the Classification o f High Speed Catamarans.

Sikora, A B S, L loyds and RM I figures for bending m om ent are calculated assum ing 

that w ave induced  side force acts at half draught. The tw o D nV  estim ates are based on 

the assum ption  that th is force acts at a po in t 0.75 * d raught above the keel. This 

difference in approach points to the generalised (not specifically SW ATH) heritage o f 

the D N V  rules. G iven the deeper than usual distribution o f buoyancy on a SW A TH  , it 

seems likely that w ave forces will act at a point below that suggested by DnV.
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Tables 5.4 and 5.5 were com piled using the 3/4 draught values given in the DnV 

rules, how ever it is worth noting that adopting a standard m om ent arm  o f 4.05m  for 

Patria and 11.32m for T-AG OS, raises the DnV total bending m oments from  820 Tm  to 

964 Tm  (+17% ) for Patria and from 46419 Tm  to 54917 Tm  (+18% ) for T-AG OS. 

Sim ilarly adopting the standard value of m om ent arm, reduces the value o f  side force 

(found indirectly  from  D nV 's directly calculated, acceleration based, total BM  value) 

from  357 to 298 Tonnes (-20% ) for Patria and from 2505 to 2088 Tonnes (-20% ) for 

T-AGOS 19.

Considering each vessel in turn:-

T-AGOS 19 - 3500 Tonnes Displacement

Predictions obtained using the algorithm s from Sikora and ABS proved sim ilar as 

expected . S ince these  fo rm ulae  w ere derived  from  analysis o f  vesse ls  in the 

displacem ent range which includes T-A G O S, the predictions m ay be assum ed to be 

accurate. The form ulae derived by U C L for this d isplacem ent range also provided  a 

reasonable, if  conservative, estim ate (27% greater than that predicted by Sikora).

N either L loyds nor D nV  rules are applicable to a vessel o f T -A G O S 's type. 

A pplication o f  form ulae from  these rules therefore proved futile, resulting in predicted 

values o f  side fo rce  32%  above, 39%  and 68% below  that g iven  by S ikora.

In terestingly  the elem entary form ula from  RM I provided a reasonable estim ate; 

ju st 4% above that given by Sikora. This correlation is surprising since the estim ate 

was derived from  m odel test data in Patria's displacem ent range, and since none o f  the 

other algorithm s appear to be applicable to both displacem ent ranges.

M.V. Patria - 180 Tonnes D isplacem ent

As an ticipated  the U C L  design estim ate proved invalid  for a vessel in Patria 's size 

range. E stim ates from  Sikora and ABS were again substantially  sim ilar, both giving 

slighdy h igher values than those produced by the form ulae from  RM I, L loyds and  the 

non-acceleration based  D nV  form ulae. This is reasonable given that the S ikora based 

algorithm s w ere derived fo r vessels greater than 3000 Tonnes d isplacem ent operating 

for 3600 days in a severe portion o f  the North A tlantic at random  headings. In contrast 

the RM I, L loyds and D nV  predictions are for sm all craft operating w ith in  specified 

restrictions on wave height etc.
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T-AGOS 19 - 3556 Tonnes Displacement

Algorithm Source Sikora ABS DNV DNV Lloyds RMI UCL

Algorithm Eqn No
Acceleration - - - 5.15 5.15 

(N.B. DnV)
- -

Side Force 5.1 5.3 5.16 - - 5.7 5.6

Bending Moment 5.2 5.2 5.14 5.13 5.8 5.2 5.2

Vertical Acceleration - - - 8.1 m/s* *2 8.1 m/s* *2 - -

Side Force 3407 T 3193 T 4509 T 2088 T (2) 
2505 T (3)

1098 T (2) 3556 T 4322 T

Moment Arm - Main Dk(l) 11.32 m 11.32 m 9.435 m (4) 11.32 m 11.32 m 11.32 m 11.32 m
BM Due To Side Force 38567 Tm 36148 Tm 51042 Tm (1) 

42544 Tm (4)
n/a n/a 40254 Tm 48925 Tm

Still Water BM 
(See Appendix C)

3875 Tm 3875 Tm 3875 Tm 3875 Tm 3875 Tm 3875 Tm 3875 Tm

Total Transverse BM 42442 Tm 40023 Tm
54917 Tm (1) 
46419 Tm (4) 27512 Tm 16304 Tm 44129 Tm 52800 Tm

N.B. - DnV and Lloyds rules are not strictly applicable to a vessel of this displacement All Forces and Moments in Tonn
All to Nearest Tonne

Note:- (1) - Assuming T  acts at Draught/2
(2) - Indirectly from (Total BM-3875)/11.32
(3) - Indirectly from (Total BM-3875)/9.435
(4) - DnV Assume F  acts at 0.75 Draught

T a b le  5 .4  E m p i r i c a l l y  D e r iv e d  D e s ig n  S id e  F o r c e  a n d  B e n d in g  M o m e n t  o n  T - A G O S  19.
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M.V. Patria -180 Tonnes Displacement

Algorithm Source Sikora ABS DNV DNV Lloyds RMI UCL

Algorithm Eqn No
Acceleration - - - 5.15 5.15 

(N.B. DnV)
- -

Side Force 5.1 5.3 5.16 - - 5.7 5.6

Bending Moment 5.2 5.2 5.14 5.13 5.8 5.2 5.2

Vertical Acceleration - - - 15.4 m/s**2 15.4 m/s**2 - -

Side Force 247 T 271 T 216T 298 T (2) 
357 T (3)

155 T (2) 180 T 1066 T

Moment Arm - Main Dk (1' 4.05 m 4.05 m 3.375 m (4) 4.05 m 4.05 m 4.05 m 4.05 m
BM Due To Side Force 1000 Tm 1097 875 Tm (1) 

730 Tm (4)
n/a n/a 729 Tm 4317 Tm

BM Due To Dead Loads 
(See Appendix C)

90 Tm 90 Tm 90 Tm 90 Tm 90 Tm 90 Tm 90 Tm

Total Transverse BM 1090 Tm 1187 Tm
964 Tm (1) 
820 Tm (4) 1296 Tm 720 Tm 819 Tm 4407 Tm

N.B. - Sikora, ABS and UCL Algorithms are not strictly applicable to a vessel of this displacement. All Forces and Moments in Tonn
All to Nearest Tonne

N o t e (1) - Assuming F  acts at Draught/2
(2) - Indirectly from (Total BM-90)/4.05
(3) - Indirectly from (Total BM-90)/3.375
(4) - DnV Assume F  acts at 0.75 Draught

T a b le  5 .5  E m p i r i c a l l y  D e r iv e d  D e s ig n  S id e  F o r c e  a n d  B e n d in g  M o m e n t  on  t h e  M .V .  P a t r i a .
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5.5.4 O verall  C om p arison  of  Results

Fig  5.6 presents a com parison o f experim entally , analytically  and em pirically  

derived values o f wave induced side load acting on T-AGOS 19.

N .B . D nV  (1,2) re la te  to p red ic tions ob tained  using  equations 5 .16  and 5.13 

respectively. Expt (3,4) corresponds to predictions obtained using published (R ef 45) 

RAO values, and those obtained direct from DTNSRDC (Ref 8).

A t first glance there appears to be little correlation, how ever if  we neglect the non 

applicable acceleration based Lloyds (Eqn 5.8) and D nV  (Eqn 5.13) predictions, the 

picture becom es clearer. Adopting the DTNSRDC experimental value o f 3186 tonnes as 

the benchm ark  or datum  further sim plifies m atters. The Sikora and ABS form ulae 

(Eqns 5.1 and 5.2) were developed at D TN SR D C for vessels in this size range. The 

correlation observed betw een these predictions and the experim ental result is therefore 

reassuring if  unrem arkable.

T he R M I estim ate (Eqn 5.7) agrees reasonably w ell w ith the experim ental datum  

se lec ted . A s p re v io u s ly  no ted  the c ru d e  U C L  fo rm u la  (E qn  5 .6 ) p ro v ed  

overconservative although adequate for its intended role at the feasibility  stage o f  the 

design process.

Sim ilarly the non acceleration based DnV approach (Eqn 5.16) produced a value o f 

4509 tonnes - 41%  g rea te r than the datum . In teresting ly  'M A R C H S ' and the 

approxim ate m ethod yielded values o f 4743 and 4384 tonnes respectively.

B ased on these results it appears that direct evaluation using the 'M A R CH S' suite 

of program s and the developed approxim ate m ethod, results in overprediction o f the 

design extrem e side load by alm ost 48%  and 38% respectively. This overprediction is 

m ost probably  caused  by adopting unrealistically severe sea conditions in the spectral 

analysis approach  applied. If  the severe sea state adopted  in the m ethod  is to be 

retained, it is perhaps m ore realistic to relax the statistical probability  o f  exceedance 

requirem ents. R elax ing  these requirem ents leads to m ost probable ex trem e values, 

16% and 8% above that found experimentally.

For the M .V. Patria, design extrem e value predictions obtained using 'M ARCH S' 

agree well w ith the Lloyds, RM I and acceleration based DnV predictions.
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In addition to the com parisons perform ed for this study, Sikora et al (Ref 6-8) have

com pared predictions obtained using their algorithm  with m any experim ental results.

These com parisons are presented in Table 5.2. The predictions generally correlate well

with the experim ental values, average error being only o f the order o f 9%.

5.6 C o n c lu s io n s

1. A thorough rev iew  o f the techniques em ployed to predict w ave induced  global 

loadings on SW A TH  ships has been undertaken. The principal m ethods have been 

explored and applied to produce predictions o f extrem e design side load on two 

very d ifferen t vessels, nam ely the 3556 tonne S.S.V. T-A G O S 19 and the 180 

tonne passenger ferry, the M.V. Patria.

2. The results obtained were on the whole encouraging. For vessels in the T-AG OS 

size range it appears that the capability presently exists to predict design extrem e 

values o f w ave induced side load with reasonable certainty. For vessels in the M .V. 

P atria 's  size range , this is unfortunately  not the case. H ow ever it m ust be 

rem em bered that the structural scantlings o f these vessels are nearly alw ays driven 

by considerations o f secondary loading. The accuracy o f  p resen tly  availab le  

estim ates is therefore quite adequate for design purposes.

3. The 3D 'M A R C H S' m otion and loading prediction program s perform ed well for 

the lim iting  condition  tested  here (zero speed in beam  seas). T hese program s 

appear to  o ffer considerable prom ise in the light o f their capability  to explore 

directional w aves and ship speed effects.

4. SW A TH  ships are still not adequately catered for by the classification societies. 

ABS are to date the only society to propose rules suitable for the design o f general 

SW A T H  vessels.

5. B ased  on the results o f  this study the author concludes that currendy  available 

m ethods fo r p red ic ting  ex trem e design  global loads on SW A T H  ships are 

satisfactorily  accurate for design purposes. The author subsequently recom m ends 

that attention be redirected  towards incorporating the effect o f w eather and trade 

routing in to  the calculations, and to the investigation o f structural response and 

stress transfer w ithin the vessel.
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CH A PTER 6

D E S I G N  E V A L U A T I O N

6.1 In trod uction

E volution o f the SW A TH  concept has been well charted in m any d iscussion and 

rev iew  papers. U ntil recently  how ever m ost SW A TH  research has been d irected  

tow ards es tab lish ing  and subsequently  im proving individual aspects o f SW A T H  

perform ance relative to monohulls. A position has now been reached where the prim ary 

advantages and disadvantages o f the concept are recognised and are no longer in 

dispute. C onsequently  the current requirem ent is for a balanced overview  o f the "total 

perfo rm ance" o f  the concep t rela tive to m onohull "equivalents". This is c learly  

necessary in order to enable the designer to select the hullform  best suited to a given 

role.

6.2 A im s and O bjectives

T he o b jec tiv e  fo r the final phase o f  the project was to provide a ba lanced  

assessm en t o f  the re la tive  m erits o f  both m onohull and SW A TH  designs. T his 

com parison  is based  on all re levan t features o f the two concepts. Featu res and 

characteristics o f  both huUforms are identified and assigned a priority level. The priority 

level assigned includes consideration o f the vessel's intended role and operating profile. 

Through application  o f this technique the chapter aims to provide guidance for the 

designer selecting hullform s for both general and specific roles.

6.3 B asis  for C om parison

In o rd er to perfo rm  any com parison  we first require  to define the basis fo r 

com parison. In  this case this involves defin ing the term s "Total Perform ance" and 

"E quivalence": -

Total Perform ance
The "Total Perform ance" o f a vessel is defined as a m easure o f the overall capability
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of that vessel to perform  the m ission for which it was designed. The overall capability 

is a function  o f all ind iv idual perform ance param eters for that design. Individual 

perform ance param eters include items such as seakeeping, powering and survivability. 

The function relating Total Perform ance to individual param eters is a unique feature of 

the vessel's operational profile.

Equivalence

T ra d itio n a l estim ates o f  equ iva lence  (for m onohulls) are o ften  based  on 

displacem ent and/or length (R ef 1). H ow ever since SW ATH vessels are shorter than 

m onohulls o f  equal displacem ent, com parisons based on these criteria are frequently 

m isleading. M ore im portantly, ow ing to the greatly im proved seakeeping perform ance 

o f SW A TH  vessels, it is often possible to perform  a given role using a SW A TH  vessel 

of displacem ent considerably less than that o f the monohull required for the same task. 

Consequently a com parison o f overall perform ance based on equal displacem ent will 

penalize  the SW A T H  heavily  w hilst d isguising  the greatly  increased  seakeeping  

capability afforded by the configuration.

For this reason  any m eaningful com parison between SW ATH and m onohull m ust 

be perform ed on the basis o f capability or 'm ission equ iva lence '.

K ennel e t al (R ef 2) illustrate  the im portance o f selecting realistic defin itions o f 

equivalence. This paper com pares designs for two m onohull and one SW A TH  frigate 

developed on the basis o f equivalent payload, and equivalent seakeeping perform ance. 

Results from  this study lead to the conclusion that the only correct basis for com parison 

is that o f  'm ission equivalence'.

6.4 P re v io u s  W o rk

The bu lk  o f  prev ious com parative w ork relates to the specific  d ifferences in 

SW ATH /  m onohull behaviour. Since the prim ary reason for the existence o f SW A TH  

ships is seakeeping, it is perhaps not surprising that considerable attention has been 

devoted tow ards quantify ing the increase in seakeeping perform ance afforded by the 

concept (R ef 3-17). R esistance and build cost are o ther "favourite" param eters for 

com paring SW A TH  and m onohull vessels (R ef 1,7,17-22).

U nfo rtunately  very  few  direct overall com parisons o f SW A T H  and m onohull 

vessels have been published. Notable exceptions to this include papers on a cruise liner
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by Jones (R ef 23), Anti Subm arine Frigates by Kennell et al (Ref 2) and a Deep Ocean 

Survey vessel T-A G S 38/39 by Kaysen (Ref 24,25). Eam es (Ref 26,27) additionally 

offers a w ider view  o f several advanced naval vehicles proposed for the role of Future 

Naval Surface S h ip s . The scarcity o f such comparisons is largely due to the difficulty 

of perform ing such a task objectively, and to the reluctance of some agencies to publish 

such potentially valuable commercial information.

6.5 D esign  E v a lu a t io n  T e c h n iq u e s

The im portance o f com paring vessels on a mission basis has already been stressed. 

In o rder to com pare SW A T H  and m onohull contenders for a given role, the vessel 

features and characteristics applicable to that role must first be selected. In this study the 

perform ance param eters required to successfully fulfil the specified role were selected 

from those review ed in Chapter 2.

N ext the relevant perform ance param eters were listed together with corresponding 

m ission weightings. These weightings reflect the importance o f individual perform ance 

param eters to the success o f the overall m ission. An accurate estim ate o f m ission 

weightings is vital to the realistic comparison of SW ATH and monohull designs.

The selection o f these values relies heavily on experience and therefore rem ains highly 

subjective. This leaves the designer /  procurer in control to m ake decisions based on 

particular features o f  the m ission requirement.

O nce perfo rm ance param eters and corresponding m ission w eightings have been 

established, the next step requires "scoring" both m onohull and SW ATH contenders 

against each param eter on the list. The complexity o f this task depends on the param eter 

in question , and the am ount o f design inform ation available. In som e cases e.g. 

powering requirem ents, actual values may be available for both designs, in such cases 

direct com parison  is readily  possible. H ow ever, in the m ajority of instances precise 

inform ation w ill be unavailab le , in these cases the engineer m ust use his or her 

judgem ent and experience to arrive at a feasible, if subjective, value.

The T otal Perform ance figure for both designs, is then given by the sum m ation o f 

all individual param eter and  m ission weighting products. It should be stressed that the 

figures produced are only a guide to the hullform  best suited to perform  that role, since 

the procedure contains m any uncertainties and subjective estim ates. It does how ever 

provide a starting point for m ore detailed design evaluations.
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It shou ld  be recogn ised  that the developed  m ethod exists to com pare v iable 

a lte rna tive  designs. I f  one hullform  fails to satisfy a v ita l or specified  design  

requirem ent, then the com parison is void and its solution becomes academic.

6.5.1 M athem atica l Evaluation M odel

T he sim plified  design  evaluation  p rocedure described , m ay conven ien tly  be 

illustrated mathematically

Once the relevant performance parameters are selected,

P P P P2  5 3 ’  ’ n

and the relative m ission weighting o f the parameters defined,

w w w w
1 ’ 2  * 3  5  * n

each vessel is "scored" to reflect performance in individual areas,

P 1 > P 2 ’ P 3 ’   ’

The SW ATH /  M onohull performance ratio may then be calculated,

SW A TH  p, -  M ono p, 
m in(SW A TH  pj , M ono p ^

etc

The individual role perform ances (RP ’s) are then given by:-

R P  =
SW ATH p ; - M o n o  p ;

m in(SW A TH  p 4 , M ono p j
x w ;
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The overall perform ance figure for the SW A TH  vessel relative to the m onohull is 

therefore:-

n

SW ATH

M ono
O verall Perform ance

n

i=l

6 .5 .2  S a m p le  D esig n  E v a lu a t io n s

The fo llow ing  exam ples illustrate  the design evaluation p rocedure. The roles 

selected; that o f  Sonar Surveillance and O cean Survey, are tw o o f those for w hich 

SW A T H  vesse ls  are  m ost com m only  advocated . O ther com m on ly  suggested  

applications for SW ATH craft include:-

- Ferries (R ef 28-33)

- Sm all Cruise L iners (R ef 23,29,34)

- O ffshore Patrol Vessels (Ref 35,36-39)

- D iving Support Ships (R ef 40,41)

- Small A ir Support Vessels (R ef 42-44)

- O ffshore Supply Boats (R ef 41)

- Frigates (R ef 45-47)

- F ishing Vessels (R ef 48,49)

- Research Ships (R ef 50-52)

Sonar Surveillance Vessel

The following com parison was based on published data for the existing m onohull 

U.S. N avy T-A G O S sonar surveillance vessels and the recently com pleted SW ATH 

T-AGOS 19 (R ef 53-55).

The Sonar Surveillance V essel (SSV) role requires the vessel to rem ain at sea and 

operational in extrem e w eather for long periods. The vessels are designed  to be fully 

operable at all headings in severe sea conditions. Previous vessels o f  the class have 

experienced  d ifficu lty  in m ain tain ing  the requ ired  level o f  operab ility , hence the 

decision was taken to design and build a SW ATH vessel for the purpose.
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A typical m ission profile for a SSV vessel involves 2-4 days steam ing at 7-8 knots, 

over the side or through deck deploym ent o f the towed array, 20-30 days slow speed 

(2-3 knots) steam ing on all headings, recovery o f array and return to port at 7-8 knots 

cruising speed.

From  the foregoing it is obviously desirable to m axim ise percentage operability. 

Since seakeeping has the greatest influence on operability , the h ighest param eter 

weighting is therefore attached to it.

The operation  o f onboard  system s is also o f particu lar im portance for a sonar 

support vessel. The perform ance o f the towed array together w ith the system  used for 

its deploym ent and recovery is central to the success o f the mission.

The other param eters which influence the vessels ability to perform  the m ission are 

sim ilarly  lis ted  and assigned  a p aram eter w eigh ting  com m ensu ra te  w ith  th e ir  

importance.

Fig 6.1 Gives the m ain particulars and seakeeping perform ance o f the T-AG OS ships. 

Table 6.1 Illustrates the evaluation procedure for T-AGOS 18/19.

For each param eter, cost, seakeeping etc, both m onohull and SW A TH  are 'scored' 

. This value m ay be rea l e.g. in  the  case o f percentage operability , or it m ay be a 

perceived relative quantity. The ratio  o f SW A TH /m onohull scores is then noted in the 

centre colum n. A negative value indicates that the SW ATH is less able in that area. This 

figure is then m ultiplied by the m ission weighting assigned to that param eter. T he sum 

o f these values d iv ided  by the sum  o f the m ission  w eightings g ives the overall 

SW ATH/m onohull perform ance ratio for that role.

In this case the SW A TH  has 95%  operability com pared w ith 57% for the m onohull 

(R ef 53). T he S W A T H /M onohull ratio  is therefore  0 .667 ( (95-57)/57 ) i.e. the 

SW ATH has 6 6 % greater operability. The param eter m ission w eightings w ere sim ply 

determ ined by arithm etically  rating the param eters in descending order o f im portance, 

thus seakeeping is rated =14 and m anoeuvrability =2. The final result o f  +0.09 im plies 

that overall the SW A T H  is m ore capable o f  perform ing the S.S.V . m ission  than  its 

monohull counterpart.
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T-AGOS CLASS SHIP COMPARISON

DESIGN 
LENGTH ( 0 A )
BEAM
DRAFT IF.L)
P R O P U IS IO N

DIESEL ELECTRIC 
ELECTRICAL POWER

DISPLACEMENT 
LIGHT SHIP 
TUIL LOAD 

OPERAOILITY/SURVIVABILITY 
DAYS ON STATION 
SUSTAINED SPEED 

ENDURANCE 
ICE STRENGTHENING 
S i m T A S S  OPERATIONS CENTER 
PAYLOAD

A CCO M M O D A TIO N S

CO MM ERCIAL 
224 FT 

<3 FT 
14 FT 11 IN

1600 IIP 
| ( |  600  K w .  600  VAC 
DIESEL GENERATORS

1587 L T .
2 23 6  L T .

S S  5 /8  
90 

11 KTS 
3 0 0 0  N M  
CLA SS C 

1400 SO .  FT.
130 T O N S  

33

I L r l l t ,  /

COMMERCIAL 
232 FT 

34 FT 
24 FT 3 IN

1600 IIP 
(4| 83S K w .  600 VAC 
DIESEL GENERATORS

2608 L T .
3 3 / 0  L T .

SS  6/9  
90 

9.6 KTS 
3000 N M  
CLASS C 

1400 SO.  FT.
130 TONS 

33

MONOHULL AND SWATH T-AG O S

wiNirn. Nonm A t la n t ic
SHORT CRESITO SEAS 

1 KTS. 10W CONOIIION 
A l l  HEADINGS

100

MONOItUU. SW Atll

CO - -

5 0 - -

3 0 -

10 -  -

I  10 12 14 16 11 20 22 24 21 21 302 I0
( SS21 SSI | SS4 | SSS | SSI j

SIGNIFICANT WAVE HEIGHT

PERCENT OPERABILITY VS SIGNIFICANT WAVE HEIGHT

F ig  6.1 T -A G O S  18 / 19 - Principal and O perability  C haracteristics
(R e f  53)
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Mission S.S.V. 
Performance Parameter

Real or Perceived Scores Performance Ratio Mission Individual Role
Monohull | SWATH SWATH/Monohull Weighting Performance

Seakeeping - Motions % OPERABILITY 
Loading W.N.N.A.
Deck Wetness 
Slamming
Speed/Course Maintenance

57 95 0.667 14 9.33

Operation Onboard Systems - Surface 
(Independant of M otions) Air 

Scale 1-5 Worst-Best Underwater

3 5 0.667 8 5.33
- - 2 0.00
2 5 1.500 3 4.50

Cost - Design $ MILLION 
Construction 
Unit Build 
Operation

12 25.4 -1.117 12 -13.40

Endurance/ Range 3000nM+90days @ 3kts | l | l 0.000 11 1 0.00

Survivability - SCALE 1-5 
Signature - Infra Red 

Acoustic 
Radar

Damage Resistance • Missile 
Torpedo 
Mine 

Damage Stability - 
N.B.CW -

4 5 0.250 1 0.25
1.33 

-0.67 
0.67 
0.67 
0.25
1.33 
0.00

3 5 0.667 2
5 3 -0.667 1
3 5 0.667 1
3 5 0.667 1
4 5 0.250 1
3 5 0.667 2
- - 1

Reliability - Hull
Machinery

5 3 -0.667 4 -2.67
3.333 5 0.667 5

Interfacing Ability - Length 
Beam 
Draught 
Freeboard 
Deck Area

224'
43'
14'11"

232'
94’
24'9"

-0.667 8 -5.33

Habitabilty - Noise
Working Conditions

4 5 0.250 3 0.75
2.673 5 0.667 4

Stability - Intact | 4| 5| 0.250| 6 | 1.50

Payload % Displacement | 0.058| 0.038| -0.519| 5 | -2.59

Layout - Machinery Ratios /Total Vol
Outfit "Usability Factor" 
Void Space

4 5 0.250 4 1.00

Powering - High Design Speed 
Low Design Speed

4 5 0.250 1 0.25
3 5 0.667 2 1.33

Maneuvrability • High Speed 5 3 -0.667 1 -0.67
Low Speed 4 5 0.250 1 0.25

Total - 104 9.42

Overall Mission Performance

SWATH/MONO « Positive 0.09

Table 6.1 Samnle Design Evaluation for T-AGOS 19 and It's Monohull Counterpart
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Oceanographic (Deep Ocean) Survey Ship

The D eep Ocean Survey (D.O.S.) m ission involves surveying the vast areas o f ocean 

floor beyond the continental shelves, to gather seabed profile inform ation together with 

m agnetic and gravim etric data. The U.S. Navy use auxiliary ships designated T-AGS 

to perform  this task. The data collected is prim arily used for the fleet ballistic m issile 
program .

The D .O .S. operational profile  is relatively  straightforw ard. The vessel steers a 

predeterm ined course at constant speed, while acoustic depth m easurem ents are taken 

by a large precision depth sounding sonar system . C o-ordinated gravity  m eter and 

m agnetom eter data is also recorded. D ata collection starts w hen the vessel crosses the 

600 feet contour and continues for the duration o f the m ission - usually about 30 days. 

During that period the vessels m ust operate completely independently.

Seakeeping obviously plays a m ajor part in the vessels ability to m aintain speed and 

heading over the 30 day operation. T-A G S require good seakeeping perform ance in 

order to rem ain  operational throughout the duration o f their m ission. In addition, low 

ship m otions result in an increase in the quality o f inform ation recorded by the onboard

sensors.

A perfo rm ance com parison was undertaken for a 12,500 Ton SW A T H  T-A G S 

design and  the ex isting  15,000 T on m onohull T-A G S 39. T he data  used  fo r this 

evaluation was taken from  R ef 24 and 25. Fig 6.2 illustrates the m ain particu lars for 

both m onohull and SW A TH  designs. The order of param eter w eighting is again sim ilar 

to that for the S.S.V . mission. Prem ium s are placed on seakeeping perform ance and the 

operation o f  onboard  system s. G iven the civilian nature o f the crew  considerations o f 

ou tfit a re  a lso  im p o rtan t, e .g . un ion  regu la tions  co n cern in g  acco m m o d atio n  

requirem ents are easier to im plem ent on a SW ATH. Endurance and range feature too 

although in this case both m onohull and SW A TH  w ere designed  to  have equal 

endurance. Table 6.2 illustrates the T-AGS evaluation perform ed.

These evaluations were perform ed m ainly to dem onstrate the procedure suggested 

in section 6.5 and  6.5.1. T hey  also ind icate which features are m ost beneficia l /  

dam aging and indicate where design effort m ay most effectively be concentrated. The 

figures p roduced  are the result o f  m any subjective decisions and assessm ents. They 

should not therefore be relied  upon or assum ed accurate. They m ay how ever be taken 

as a reasonable indication o f the suitability o f SW ATH ships for the roles considered.
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SWATH AGS 
DEEP OCEAN SURVEY 

(DOS) 
SHIP

FP

(JSNS KAORT (T-AGS 39) CLASS

PRINCIPAL CHARACTERISTIC

DEEP OCEAN SURVEY SHIP 

PRINCIPAL CHARACTERISTICS COMPARISON

T-AGS 39 (1 3 )

L e n g th  O v e r a l l

L e n g th  B etw een  P e r p e n d i c u l a r s  (ABS)

LML a t  O e s lg n  D r a f t  

B e a n , M olded  

( B ean)

(B e a n )

D r a f t ,  d e a lg n  

D e p th ,  m o ld e d  

(D e p th )

D i s p la c e m e n t ,  d e a lg n  d r a f t  

L i g h t  a h lp  w e ig h t  w i th  m arg in  

T ype o f  M a c h in e ry

P o v er-A B S  Max loom  C o n t in u o u s  R a t in g  (MCR) 

P o w e r , BOX ABS MCR

S p e e d ,  a u s t a l n e d  o p e r a t i n g ,  a t  BOX ABS MCR 

E n d u ra n c e  a t  d e s ig n  d r a f t  and  s u s t a i n e d  

o p e r a t i n g  s p e e d  

T o t a l  A c c o m m o d a tio n s

499 f t  10 I n  

4 62  f t  1 - 1 /8  I n  

4 76  f t  0 I n  a t  30  f t  0 I n  

72 f t  0 In

30 f t  0 In

42 f t  0  I n  ( t o  s ia ln  d e c k ,  s i d e )  

51 f t  0 I n ( t o  01 l e v e l ,  s i d e )  

1 5 ,6 2 1  LT 

B .B10 LT 

Medium S p e e d  D i e s e l

2 3 ,5 8 4  BHP

1 9 ,0 3 9  BHP w i th  PTO g e n e r a t o r  

a t  f u l l  l o a d  

20 k n o t s

34 d a y s  p l u s  150 0  nm 

10S (SEC TABLE 2)

SWATH AGS

381 f t  0 I n  ( lo w e r  h u l l s )

350 f t  0 I n

3S 0 f t  0 I n

96  f t  0 I n  ( a t  DWL)

104 f t  0 I n  ( lo w e r  h u l l s )

100 f t  0 I n  ( c r o s s  s t r u c t u r e )

31 f t  0 In

70  f t  0 In

1 2 ,5 8 5  LT 

8 ,7 3 8  LT 

I n t e g r a t e d  D i e s e l  E l e c t r i c  

1 7 ,5 0 0  SHP 

1 4 ,0 0 0  SHP

20 k n o t s

34 d a y s  p l u s  1500 nm

108 (SEE TABLE 2)

Fiff 6.2 SWATH and Monohull T-AGS PrincipaL Characteristics. 
(Ref 24,25)
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M iss io n D .O .S . 
Performance Parameter

Real or Perceived Scores Performance Ratio Mission Individual Role
Monohull SWATH SWATH/Monohull Weighting Performance

Operation Onboard Systems - Surface 
(Independant of Motions ) Air 

Scale 1-5 Worst-Best Underwater

4 5 0.250 3 0.75
3 5 0.667 3 2.00
2 5 1.500 6 9.00

Seakeeping - Motions 
Loading 
Deck Wetness 
Slamming
Speed/Course Maintenance

4 5 0.250 2 2.75
1
2
2
4

Cost - Design Total over Lifecycle 
Construction 
Unit Build 
Operation

5 4 -0.250 2 -2.50
4
2
2

Endurance /  Range | 34| 34| 0.000| 9 | 0.00

Reliability - Hull
Machinery

5 4 -0.250 3 -0.75
5 2 -1.500 5 -7.50

Interfacing Ability -Length 
Beam 
Draught 
Freeboard 
Deck Area

5 4 -0.250 7 -1.75

Habitabilty - Noise
Working Conditions

4 5 0.250 2 0.50
3 5 0.667 4 2.67

Stability - Intact
Damaged

4 5 0.250 3 0.75
3 5 0.667 2 1.33

Powering - High Design Speed
Low Design Speed (Installed)

n/a
24000 17500 0.371 4 1.49

Payload % Displacement I 0.418| 0.306| -0.367| 3 | -1.10

Maneuvrability - High Speed 
Low Speed

5 4 -0.250 1 -0.25
4 5 0.250 1 0.25

Layout - Machinery Ratios /Total Vol
Outfit "Usability Factor" 
Void Space 4 5 0.250 1 0.25

Total - 78 7.88

Overall Mission Performance 

SW ATH/MONO. Positive 0.1

Tahle 6.2 Samnle Desiyn Evaluation for T-AGS 39 and EQuiyal£DLS.WATH AGS
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6.6 Conc l us i ons

A com prehensive study o f the advantages and disadvantages associated with both 

m onohull and SW A TH  vessels has been undertaken. The param eters o f  prim ary  

im portance for com parative purposes have been identified, and a fram ew ork suggested 

fo r the basic evaluation  o f a lternative SW A TH  and m onohull designs. Several 

sim plified design evaluations have been perform ed, two o f which are presented here to 

illustrate the developed method.

It w as found that SW A TH  vessels prove superior to m onohulls w hen perform ing 

m issions dom inated by seakeeping considerations, however it m ust be rem em bered that 

few m issions are dictated  solely by considerations o f seakeeping. In particu lar w hen 

com paring 'seakeeping equivalent' vessels, it is im portant to recognise the additional 

payload capability  o f  the larger m onohull. In the same way the additional seakeeping 

perfo rm ance  o f  SW A T H  should  not be overlooked  w hen com paring  equ iva len t 

d isp lacem en t vesse ls . SW A T H  ships are un like ly  to ex ceed  15,000 T onnes 

displacem ent, since above this lim it monohulls offer adequate seakeeping perform ance.

Survivability  and operation o f onboard system s are the tw o other principal areas 

w here SW A T H  ships lead their m onohull counterparts, w hile the cost o f  SW A TH  

ships is presently  estim ated to be approxim ately 5-10%  m ore than m ission equivalent 

m onohulls. This value is based on current U.S. Navy data and is subject to revision. 

Future advances in SW ATH structures are likely to im prove the perceived reliability o f 

the concep t and  reduce  design  and fab rica tion  costs w hile fu rther advances in 

fa b r ic a tio n  a n d  o u tf it  tec h n o lo g y  m ay u ltim a te ly  rem o v e  any  re m a in in g  

SW ATH /m onohull cost differential.

B ased  on the results of, and the know ledge gained perform ing  this study, the 

author recom m ends the SW ATH concept for the following roles:-

- Sonar Surveillance SSV

- Oceanographic and Deep Ocean Survey DOS

- O ffshore Patrol OPV

- Passenger Ferry (Exposed Route)

- Sm all Vehicle Ferry (Exposed Route)

- D iving Support and Salvage

- L ight D isplacem ent Air Support
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All these roles require (relatively) small vessels with good seakeeping capabilities

and /  or large usable deck areas. The SW ATH ship is therefore ideally suited to these

m issions although the final choice o f vessel type will inevitably depend on m any other

indefinable factors not the least o f which are cost and 'fashion'.
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C H A P T E R  7 

C O N C L U S I O N S

This thesis reports work intended to enhance presently available SW A TH  design 
capabilities and to extend the application o f existing design program s. Follow ing  a 
general review  o f relevant design aspects, SW ATH dam aged stability, m anoeuvring 
and wave load response are investigated. In addition a sim plified m ethod is developed 
for the overall m ission based evaluation o f alternative SW ATH and m onohull designs.

R esults from  these investigations are presented in detail at the end o f the relevant 
chapters, how ever for reference purposes the principal conclusions are grouped and 
restated in the following pages.

7.1 A spects  o f  D esign

This section is intended to highlight the range and extent o f the variations existing in 
SW A T H  /  m onohull design and operability  characteristics. It w ill be noted  that the 
principal advantages /  disadvantages o f the SW ATH concept are now  recognised  and 
therefore  no longer in dispute. C onsequently  attention m ay be red irec ted  tow ards 
prev iously  neglected aspects o f the design and towards establishing a m easure o f  the 
concepts overall perform ance relative to that o f monohull counterparts.

D am age stability, m anoeuvring and wave loading were the priority areas identified 
for in depth  study. The value of an accurate assessm ent o f construction costs is also 
recognised, how ever this was not attem pted owing to the availability  and inevitably  
subjective quality o f the required data.

7 .2  D am age  Stability

This phase o f the project aim ed to establish links betw een survivability  and vessel 

geom etry and to utilize this information by constructing a program  intended to estim ate 

dam age stability using only preliminary design information.

T he dam aged stability  characteristics o f SW A TH  vessels were investiga ted  by 

m eans o f  an extensive param etric study. Com plete dam age stability calculations were 

p e rfo rm ed  for 900 com binations o f initial ship cond ition  and flood ing  scenario .
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Results from these calculations were processed and analysed exhaustively. The data 

obtained  illustrates the dom inance o f cross structure effects on SW A T H  dam aged 

behaviour. Overall the results confirm  what is intuitively expected; initial flooding leads 

to rapid  heeling/trim m ing which eases upon the im m ersion o f the cross deck structure 

due to the m assive rise o f waterplane area and hence stability.

From  the data collected to date it appears that SW ATH vessels possess acceptable 

dam aged  stab ility  characteristics, and indeed  surv ivab ility  w hich is likely  to be 

u ltim ately  superior to that o f an equivalen t m onohull. It should be noted that the 

m axim um  angle o f heel attained by the testcase vessel was only fractionally greater than 

20 degrees. This corresponded to asym m etric flooding am idships o f extent equal to 25 

% o f the vessels length. C learly this is an extrem e dam age condition and one which 

very few conventional m onohull vessels could hope to survive.

U sing the database created, a program  was developed w hich allow s the user to 

estim ate at the prelim inary  design stage, a vessels ability to survive in the event o f it 

sustaining dam age leading to partial flooding. This program  has been validated, using 

flooded  stab ility  resu lts  ca lcu la ted  using com m ercial so ftw are, fo r a varie ty  o f 

com binations o f  design param eter.

In addition a lim ited  investigation  in to  the effects o f  varying the height o f the 

vessels centre o f  gravity has been perform ed. Results from  this investigation have been 

incorporated in the above program.

This p ro ject was in tended to provide the foundations for a com puter augm ented 

dam age stability estim ation tool for SW A TH  vessels. W ith the creation and validation 

o f 'FSEP1' and 'FSEP2' this aim has been accom plished.

7,3 M a n o e u v r in g

T he m an o e u v rin g  ch a rac te ris tic s  o f  SW A T H  vesse ls  have been  s tud ied , 

dem onstrated  and sim ulated. This was achieved by m eans o f  literature review , full 

scale tests and the developm ent o f a m anoeuvring prediction tool incorporating the best 

elem ents o f  currently  available and accepted m anoeuvring theory, suitably adapted for 

the novel geom etry o f the SW ATH form.

1 7 8



Principal conclusions from  the literature review may be summ arised as follows

1. SW A T H  vessels are inherently very directionally stable. This is an advantage for 

m issions requiring  good course keeping in rough seas e.g. Sonar Surveillance 

V essels.

2. In spite  o f  this SW A TH  vessels can possess turning d iam eters equ ivalen t to 

co m p arab le  m onohu lls . H ow ever this can only  be ach ieved  by ca re fu l 

design o f the control surfaces.

3. Slow  speed m anoeuvring is excellent due to the availability o f large am ounts o f 

differential thrust from  widely spaced propellers.

4. U nlike m onohulls turning perform ance is very speed dependent for m ost SW A TH  

designs. Turning diam eters increase with speed as we m ove from  the m edium  to 

high speed range, particularly for designs with surface piercing rudders.

A m anoeuvring prediction program  was developed for SW A TH  vessels operating 

in the low  to  m edium  speed range. This program  determ ines the rudder size required  

for a g iven vessel, and estim ates the resulting turning perform ance for that vessel. The 

program  m ay be applied  to SW A TH  vessels fitted with rudders both in and ou t o f  the 

p ro p e lle r  s lip s tream  and p ossessing  w idely  d ifferen t resis tance  and  p ropu lsive  

characteristics.

The program  has been run for a num ber o f existing SW ATH designs for w hich full 

scale tria ls inform ation is available. The results/predictions from  the program  were 

found to agree closely with the actual values observed on trials.

In addition full scale m anoeuvring trials on the 20 ton SW A TH  fishing vessel "Ali" 

have been conducted  and data on the turning perform ance collected. This data w ill be 

analysed and the results reported in greater detail in due course.

7.4 E n v iron m en ta l  L oad ing

C hapter 5 rev iew s aspects o f w ave loading in the structural design o f  SW A T H  

ships. The prim ary wave induced global loads were identified for SW A TH  vessels and
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a thorough review  of the techniques em ployed to predict these loads was undertaken.

It is w idely acknow ledged that wave induced side force leading to a transverse 

bending m om ent is the dom inant form  of environm ental loading for these vessels. A ll 

available m ethods for the calculation /  estimation o f this force were therefore identified 

and applied to the vessels T-AGOS 19 and the M.V. Patria. Short term  extrem e value 

prediction m ethods were applied in order to determ ine likely lifetim e values o f design 

extrem e loading. Em pirically derived estimates were com pared with those produced by 

the application o f rigorous three dim ensional potential theory, and conclusions on the 

applicability o f the m ethods drawn.

T he resu lts  ob tained  w ere on the w hole encouraging  although it appears that 

SW A TH  ships are still not adequately catered for by the classification societies. ABS 

are to date the only society to propose rules suitable for the design o f general SW A TH  

vessels. F or vessels in the T-AG OS size range it appears that the capability  presently 

exists to p red ic t design extrem e values o f wave induced side load w ith  reasonable  

certain ty . This is unfortunately  not the case for vessels o f  the M .V . P a tn a 's  size 

how ever it m ust be rem em bered that the structural scantlings o f these vessels are nearly 

alw ays driven  by considerations o f secondary loading. T he accuracy o f  presen tly  

available estim ates is therefore quite adequate for design purposes.

B ased on these findings the author concludes that currently  available m ethods for 

predicting extrem e design global loads on SW ATH ships are satisfactorily accurate for 

design purposes. The au thor subsequently  recom m ends that attention be red irected  

towards incorporating the effect o f w eather and trade routing into the calculations, and 

to the investigation o f structural response and stress transfer w ithin the vessel.

7.5 D esign  E valuation

In the final phase of the work the param eters o f prim ary im portance for com parative 

purposes w ere identified, and a fram ew ork was suggested for the basic evaluation o f 

alternative SW A TH  and m onohull designs.

T his study h igh ligh ted  the im portance o f  m aking com parisons on the basis o f  

m ission equivalence. It m ust be stressed that no other defin itions o f  equivalence are 

appropriate.
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It w as found that SW A TH  vessels prove superior to m onohulls w hen perform ing 

missions dom inated by seakeeping considerations, however it m ust be rem em bered that 

few m issions are dictated solely by considerations o f seakeeping. In particu lar when 

com paring 'seakeeping equivalent' vessels, it is im portant to recognise the additional 

payload capability  o f the larger m onohull. In the same way the additional seakeeping 

p erfo rm ance o f SW A TH  should  not be overlooked  w hen com paring  equ iva len t 

d isp lacem en t v esse ls . SW A T H  ships are un like ly  to ex ceed  15,000 T onnes 

displacem ent, since above this lim it m onohull vessels possess adequate seakeeping 

perform ance.

Survivability  and operation o f onboard system s are the two o ther principal areas 

w here SW A T H  ships lead their m onohull counterparts, w hile the cost o f  SW A TH  

ships is presently  estim ated to be approxim ately 5-10% m ore than m ission equivalent 

m onohulls. This value is based on current U .S. Navy data and is subject to revision. 

Future advances in SW ATH structures are likely to im prove the perceived reliability o f 

the co n cep t and  reduce  design  and fab rica tion  costs w hile  fu rther advances in 

fabrication and ou tfit technology m ay ultim ately rem ove any rem ain ing  SW A T H  /  

m onohull cost differential.

B ased  on the results of, and the know ledge gained perform ing  this study, the 

author recom m ends serious consideration be given to the SW A TH  concept to perform  

the follow ing roles

- Sonar Surveillance SSV

- Oceanographic and Deep Ocean Survey DOS

- O ffshore Patrol OPV

- P assenger Ferry (Exposed Route)

- Sm all Vehicle Ferry (Exposed Route)

- D iving Support and Salvage

- L ight D isplacem ent Air Support

A ll these roles require (relatively) small vessels with good seakeeping capabilities 

and /  o r large usable deck areas. The SW A TH  ship is therefore ideally suited  to these 

m issions although the Final choice o f vessel type will inevitably depend on m any other 

indefinable factors not the least o f which are cost and 'fashion'.
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7.6  C lo s u re

It is now  alm ost 20 years since the U.S. Navy launched S.S.P. K aim alino. The 

developm ent pace o f SW A TH  technology has since been rap id  and continues to 

accelerate in spite o f initial resistance to the concept from within the m arine comm unity. 

M any o f the reasons for this resistance have now been rem oved with the result that the 

num ber o f SW A T H  vessels has gradually risen and recently expanded rapidly. The 

current orderbook m ay be taken as an indication that the marine world is at last ready to 

accept the SW ATH concept.

A lthough design inform ation is still lim ited in m onohull term s, the database is 

expanding continuously and confidence is gained with every newly built vessel. This 

thesis has broadened the scope o f an existing SW ATH design capability  and form s a 

m odest addition to the arm oury o f the naval architect engaged in the design o f these 

unorthodox and intriguing vehicles.
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A p p en d ix  A. Full D am age  Stabili ty Results

Flooded stability data output by the W olfson Unit program s was processed to give 
values for Heel, T rim , M ax G Z and area under the G Z  curve for the two regions 0-45 
and 0-20 degrees heel.

These values were plotted against flooding extent for each com bination o f flooding 
loca tion , box c learance , design  d isp lacem en t and  opera ting  draught. S tandard  
regression routines w ere applied to these plots and the polynom ial coefficients o f the 
equations thus produced were stored.

These equations form  the database upon which 'FSEP1' is based.

183



D I S P L ACEMENT 8 5 ^ Q _ 3 0 N N E S .  DAMAGE L O C A T ION PORT AND STARBOARD FORWARD

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y— 0 . 1 5 7  6 E -0 1  - 0 .2 5 3 7 E + 0 0 * X  - 0 . 2 2 5 4 E - 0 1 - X ~ 2  +C . 6 2 0 9 E - 0 3 * X "  3 

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y - 0 .8 2 4 1 E - 0 2  - 0 . 3 1 7 1 E + 0 0 * X  - 0 . 1 7 8 0 E - 0 1 *X,' 2  +0 . 7 2 1 I E - 0 3 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y=0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .7 0 9 7 E + 0 1  - 0 . 6 1 3 7 E -0 2 * X  - 0 . 5 1 5 2 E - 0 3 ‘ X/'2  - 0 . 4 1 4 3 E - 0 4 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 . 2  5%

Y—0 . 7 2 1 7 E + 0 1  + 0 . 8 0 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .7 2 1 7 E + 0 1  + 0 .  6 0 6 4 E -0 2 * X  - 0 . 2 3 7 7 E - 0 2 * X ,'2  +0 . 3 4 1 8 E - 0 3 * X " 3  - 0 . 1 5 4 0 E - 0 4 * X " 4

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .4 4 1 0 E + 0 0  + 0 .1 0 7 7 E -0 2 * X  - 0 . 6 5 4 3 E - 0 3 * X ’' 2  + 0 . 5 3 7 4 E - C 4 * X " 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .5 8 0 0 E + 0 0  - 0 .1 5 1 0 E - Q 2 * X  + 0 . 9 1 2 2 E -0 4 * X ,'2  + 0 . 2 3 3 0 E - 0 4 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 9 4 E + 0 1  - 0 . 6 5 6 6 E -0 3 * X  - 0 .2 2 4 3 E - 0 3 * X ~ 2  +0 . 2 5 3 2 E - 0 4 * X " 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .3 1 6 7 E + 0 1  - 0 .4 8 3 3 E - 0 2 * X  + 0 . 9 2 7 7 E -0 3 * X " 2  - 0 . 1 9 4 6 E - 0 4 ‘ X~3

D ISPL A C E M E N T  1 0 0 0 . 0  TONNES DAMAGE LO CATIO N PORT AND STARBOARD FORWARD 

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y - 0 .1 9 5 2 E - 0 1  - 0 .2 4 6 5 E + 0 0 * X  - 0 .3 6 1 5 E - 0 1 * X ''2  + 0 . 1 2 6 3 E - 0 2 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES TRIM 

Y - 0 .9 7 8 4 E —0 1  - 0 .5 0 4 4 E + 0 0 * X  + 0 .5 2 1 8 E -0 2 * X ~ 2

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz 

Y - 0 .6 8 9 5 E + 0 1  - 0 .1 1 6 3 E - 0 1 * X  + 0 * 4 7 4 1 E -0 4 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz
Y - 0 .7 2 0 5 E + 0 1  - 0 .2 2 2 1 E - 0 2 * X  + 0 . 2 7 6 5 E - 0 3 * X ' ,2 + 0 . 8 3 3 3 E - 0 4 * X ~ 3  - C . 8 6 9 1 E - 0 5 * X ' 4

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0 DEGREES 

Y - 0 .3 5 5 0 E + 0 0  - 0 . 9 5 1 8 E -0 3 * X  - 0 . 2 4 2 4 E - 0 3 * X ' 2  + 0 . 4 7 5 6 E - 0 4 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 5 2 0 0 E + 0 0  - 0 .4 1 7 6 E - 0 2 * X  + 0 .7 0 0 0 E -0 3 * X ~ 2  + 0 . 2 4 1 5 E - 0 5 * X ' <3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 0 1 E + 0 1  - 0 . 3 3 4 7 E -0 2 * X  + 0 . 4 0 3 3 E -0 3 * X ~ 2  + 0 . 8 5 9 2 E - 0 5 * X ' , 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y - 0 . 3 1 0 2 E + 0 1  - 0 .5 8 0 3 E - 0 3 * X  + 0 .4 3 3 0 E -0 3 * X ~ 2
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D ISPL A C E M E N T  1 0 5 0 . Q TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y = 0 . 1 4 0 9 E + 0 0  - 0 .  4 9 4 3 E + 0 0 * X  - 0 .1 2 9 6 E - 0 2 * X ''2

BOX CLEARANCE 2 . 2 1  METRES TRIM 

Y - 0 .1 3 2 7 E + 0 0  - 0 .4 8 3 0 E + 0 0 * X  + 0 .4 2 5 5 E -0 2 * X ''2

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .6 7 3 5 E + 0 1  - 0 .4 0 3 5 E - 0 2 * X  + 0 .1 5 2 0 E -0 2 * X -2  - 0 . 7 5 3 7 E - 0 4 * X ~ 3 

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 . 7 1 8 8 E + 0 1  - 0 .4 7 4 9 E - 0 2 * X  + 0 .2 0 1 7 E - 0 2 'X " 2  - 0 . 1 7 6 5 E - 0 3 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0 DEGREES 

Y - 0 .2 9 3 1 E + 0 0  - 0 . 3 3 0 5 E -0 2 * X  + 0 . 3 2 8 7 E -0 3 * X ,'2  + 0 . 3 0 2 1 E - 0 4 *X"3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 . 4 8 2 1 E + 0 0  - 0 .3 0 8 9 E - 0 2 * X  + 0 .7 4 9 9 E -0 3 * X " 2  - 0 . 12 4 0 E - 0 5 * X ' ' 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 8 2 9 E + 0 1  - 0 .4 0 9 7 E - 0 2 * X  + 0 . 8 3 6 7 E -0 3 * X ,'2  - 0 . 7 14 5 E - 0 5 * X " 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 . 3 0 6 5 E + 0 1  + 0 .1 7 3 0 E -0 2 * X  + 0 .2 8 6 8 E -0 3 * X ,'2

D ISPL A C E M E N T 1 9 0 0 . 0  TONNES DAMAGE. LOCATIO N PORT AND STARBOARD FORWARD 

BOX CLEARANCE 4 . 2 7  METRES TRIM
Y - 0 .3 1 2 2 E - 0 1  - 0 .1 3 1 4 E + 0 0 * X  - 0 .3 6 5 3 E - 0 1 * X A2 + 0 . 9 4 S 7 E - 0 3 * X ~ 3

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y - 0 .9 4 6 9 E - 0 1  - 0 . 3 0 7 3 E + 0 0 * X  - 0 .7 9 6 5 E - Q 2 * X A'2

BOX CLEARANCE 4 . 2 7  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 .7 1 7 0 E + 0 1  - 0 .1 2 4 8 E - 0 1 * X  + 0 . 5 0 4 1 E - 0 3 * X ,' 2  - 0 .  U 8 6 E - 0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz
Y - 0 .6 9 9 6 E + 0 1  + 0 . 5 5 4 1 E -0 2 * X  -Q ..2 2 1 1 E -0 2 * X ~ 2  + 0 . 4 1 7 5 E - 0 3 * X ~ 3  - 0 . 2 3 0 7 E - 0 4 * X " 4

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 2 4 1 E + 0 0  - 0 .2 9 1 0 E - 0 2 * X  + 0 .2 6 1 3 E -0 3 * X " 2  + 0 . 1 9 8 7 E - 0 4 *X~3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 9 0 0 E + 0 0  - 0 .1 9 1 8 E - 0 2 * X  + 0 .1 7 5 2 E - 0 3 * X '2  + 0 . 2 3 1 9 E - 0 4 • X /'3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE 1X7 45  DEGREES 

FOR FTjOODING EXTENT LESS THAN OR EQUAL TO 8 .3 3 %

Y—0 .2 8 1 0 E + 0 1

FOR FLOODING EXTENT GREATER THAN 8 .3 3 %

Y - 0 .2 7 4 0 E + 0 1  + 0 .1 0 8 0 E - 0 1 * X  - 0 .2 8 7 9 E - 0 3 * X ,'2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

FOR FLOODING EXTENT LES S THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 9 5 6 E + 0 1
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FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 9 5 7 E + 0 1  - 0 . 6 7 4 7 E -0 2 * X  + 0 . 1 3 3 7 E - 0 2 *X~2 - 0 . 4 9 4 7 E - 0 4 * X ~ 3

D ISPL A C E M E N T  2 0 0 0 . 0  TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD

BOX CLEARANCE 4 . 2 7  METRES TRIM 

Y - 0 .1 3 3 5 E + 0 0  - 0 .2 7 7 8 E + 0 0 * X  - 0 . 1 4 1 5 E -0 1 * X 'N2

BOX CLEARANCE 2 . 7 7  METRES TRIM 

Y - 0 .9 6 6 2 E - 0 1  - 0 .2 9 3 9 E + 0 0 * X  - 0 .8 4 4 5 E - 0 2 » X ''2

BOX CLEARANCE 4 .2 7  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 . 6 9 0 0 E + 0 1  - 0 .1 2 8 0 E - 0 1 * X  + 0 . 7 8 1 0 E -0 3 * X /'2  - 0 . 8 2 8 9 E - 0 4 * X " 3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y - 0 .7 0 3 2 E + 0 1  - 0 .7 2 6 2 E - 0 2 * X  + 0 . 3 3 2 8 E - 0 2 *X"2 - 0 . 2 9 2 4 E - 0 3 * X " 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y—0 .2 6 1 1 E + 0 0  - 0 .3 5 0 4 E - 0 2 * X  + 0 . 5 7 1 3 E -0 3 * X ~ 2  + 0 . 9 0 2 9 E - 0 5 •X''3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 4 5 1 E + 0 0  - 0 .2 3 3 2 E - 0 2 * X  + 0 . 3 6 7 2 E -0 3 * X /'2  + 0 . 1 7 4 8 E - 0 4 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 7 1 0 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 6 8 0 E + 0 1  + 0 . 4 8 0 0 E -0 2 * X

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2  5%

Y - 0 .2 8 8 7 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 8 8 7 E + 0 1  - 0 .6 0 1 8 E - 0 2 * X  + 0 . 1 2 8 9 E -0 2 * X A2 - 0 . 4 9 0 1 E - 0 4 * X " 3

D ISPL A C E M E N T 2 1 0 0 . 0  TONNES DAMAGE LOCATION PORT AND STARBOARD _ FORWARD

BOX CLEARANCE 4 . 2 7  METRES TRIM 

Y - 0 .1 0 4 4 E + 0 0  - 0 .2 4 2 8 E + 0 0 * X  - 0 .1 6 3 1 E - 0 1 ‘ X,'2

BOX CLEARANCE 2 . 7 7  METRES TRIM 

Y - 0 .5 0 3 6 E - 0 1  - 0 .2 3 5 4 E + 0 0 * X  - 0 . 1 0 0 6 E -0 1 * X ~ 2

BOX CLEARANCE 4 . 2 7  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

FOR FLOODING EXTENT LES S THAN OR EQUAL TO 6 .33%

Y - 0 .6 7 2 0 E + 0 1  + 0 .3 2 0 0 E -0 2 * X

FOR FLOODING EXTENT GREATER THAN 6 .3 3 %
Y - 0 .6 7 2 0 E + 0 1  + 0 .2 5 6 1 E - 0 1 * X  - 0 .8 6 2 6 E - 0 2 * X ,'2  + 0 . 1 0 7 2 E - 0 2 ‘ X*^ - 0 . 42 4 1 E -0 4 * X ^ 4  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz
Y - 0 .7 0 4 3 E + 0 1  - 0 .1 0 3 3 E - 0 1 * X  + 0 .2 2 1 1 E -0 2 * X ~ 2  - 0 . 2 5 5 2 E -0 3 * X /'3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 .2 3 0 0 E + 0 0  + 0 .1 4 3 9 E -0 2 * X  - 0 . 3 0 9 7 E -0 3 * X /'2  + 0 . 4 7 1 1 E -0 4 * X " 3
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BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y = 0 . 3 2 2 1 E + 0 0  - 0 .2 6 2 3 E - 0 2 * X  + 0 .  62 6 1 E -0 3 * X ', 2 + 0 . 4 2 9 4 E - 0 5 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 6 4 0 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6.25%

Y - 0 .2 5 9 2 E + 0 1  + 0 .8 1 3 4 E -0 2 * X  - 0 . 9 5 4 8 E -0 4 * X " 2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 8 3 9 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y = 0 .2 8 3 9 E + 0 1  - 0 . 6 3 0 2 E -0 2 * X  + 0 . 1 3 8 9 E -0 2 * X ~ 2  - 0 . 5 8 2 9E -C 4*X ~3

D ISPL A C E M E N T  2 8 5 0 . 0 TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD 

BOX CLEARANCE 4 .9 1  METRES TRIM

Y - 0 . 3 4 6 8 E - 0 1  - 0 .2 4 5 5 E + 0 0 * X  - 0 . 3 0 7 6 E -0 1 * X ~ 2  + 0 . 7 5 1 8 E - C 3 *X~3

BOX CLEARANCE 3 . 1 7  METRES TRIM 

Y - 0 .8 7 6 7 E - 0 1  - 0 .3 9 5 5 E + 0 0 * X  - 0 .  6 1 0 5 E -0 2 * X ,S2

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 1 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y - 0 .7 4 5 6 E + 0 1  + 0 .8 9 4 8 E -0 2 * X  + 0 .1 5 7 5 E -0 2 * X <'2  - 0  ,2 2 4 5 E -0 3 * X ', 3 

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz

Y - 0 .7 6 7 1 E + 0 1  - 0 .1 2 1 7 E - 0 2 * X  + 0 .2 8 8 7 E -0 3 * X ,'2  - 0 .2 1 8 7 E - 0 3 * X /'3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 0 8 1 E + 0 0  - 0 .3 8 7 2 E - 0 2 * X  + 0 .4 3 0 4 E - 0 3 * X ’'2  + 0 . 1 7 0 8 E -0 4 * X -3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 6 7 1 E + 0 0  - 0 .3 7 9 5 E - 0 2 * X  + 0 .5 0 0 2 E - 0 3 * X /'2  + 0 . 1 36  9 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2  5%

Y - 0 .2 9 2 2 E + 0 1  - 0 .3 2 0 0 E - 0 3 * X

FOR FLOODING EXTENT GREATER THAN 6.25%
Y - 0 .2 9 2 2 E + 0 1  - 0 .7 5 1 7 E - 0 2 * X  + 0 . 1 5 4 5 E -0 2 * X A2 - 0 . 64 3 4 E -0 4 * X /'3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 . 3 0 9 5 E + 0 1  - 0 .8 0 0 0 E - 0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .3 0 9 5 E + 0 1  - 0 .9 0 1 3 E - 0 2 * X  + 0 . 1 8 1 7 E - 0 2 * X ',2 - 0 . 8 2 1 9 E - 0 4 *X~3

DISPLACEMENT 3000.0 TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD

BOX CLEARANCE 4 . 9 1  METRES TRIM 

Y - 0 .1 4 0 5 E + 0 0  - 0 .3 8 0 7 E + 0 0 * X  - 0 .1 2 6 9 E - 0 1 * X * 2

BOX CLEARANCE 3 . 1 7  METRES TRIM 

Y - 0 .1 1 6 0 E + 0 0  - 0 .4 0 1 6 E + 0 0 * X  - 0 . 6 3 4 2 E -0 2 * X <'2

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 1 7  METRES HEEL 

Y -0
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BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y - 0 .7 5 6 9 E + 0 1  + 0 .5 0 2 4 E -0 3 * X  + 0 .2 2 6 9 E -0 2 * X ,'2  - 0 .  3 0 0 7 E - 0 3 * X ,' 3  

BOX CLEARANCE 3 .1 7  METRES MAXIMUM Gz

Y - 0 .7 3 9 6 E + 0 1  - 0 .9 8 8 2 E - 0 2 * X  + 0 . 1 5 4 1 E -0 2 * X ,'2  - 0 . 2 4 0 5 E - 0 3 * X " 3

BOX CLEARANCE 4 .9 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 4 2 1 E + 0 0  - 0 .4 9 3 7 E - 0 2 * X  + 0 . 7 6 0 5 E -0 3 * X ~ 2  + 0 . 8 4 6 2 E - 0 5 * X ~ 3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y = 0 . 3 1 3 1 E + 0 0  - 0 . 4 0 1 7 E -0 2  *X + 0 . 7 0 8 4 E -0 3 * X ,'2  +0 . 7 4 0 3 E - 0 5 * X ^ 3

BOX CLEARANCE 4 .9 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 . 2  5%

Y - 0 .2 8 0 9 E + 0 1  + 0 . 1 6 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6.25%

Y - 0 .2 8 0 9 E + 0 1  - 0 . 6 0 4 4 E -0 2 * X  + 0 .1 3 1 4 E - 0 2 * X '12 - 0  . 5 3 8 3 E - 0 4 * X '~ 3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 9 8 6 E + 0 1  + 0 . 1 6 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 9 8 6 E + 0 1  - 0 .9 4 8 2 E - 0 2 * X  + 0 .2 1 6 3 E -0 2 * X ''2  - 0 . 1 0 1 3 E - 0 3 * X A3

DISPLACEMENT 3150.0 _TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD

BOX CLEARANCE 4 . 9 1  METRES TRIM 

Y - 0 .1 6 5 6 E + 0 0  - 0 .3 8 6 0 E + 0 0 * X  - 0 .1 3 3 4 E - 0 1 * X ~ 2

BOX CLEARANCE 3 .1 7  METRES TRIM

Y— 0 .1 2 9 0 E - 0 2  - 0 .7 4 4 4 E - 0 1 * X  - 0 .5 5 1 7 E - 0 1 * X " '2  + 0 .1 8 5 8 E -0 2 * X " 3

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 .1 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y - 0 .7 5 5 4 E + 0 1  - 0 .4 7 3 1 E - 0 2 * X  + 0 .1 5 5 7 E -0 2 * X " 2  - 0 .2 8 3 2 E - 0 3 * X ''3  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz

Y - 0 .7 1 2 2 E + 0 1  - 0 .1 0 4 0 E - 0 1 * X  + 0 . 4 4 9 9 E -0 2 * X ~ 2  - 0 . 4 0 0 2 E - 0 3 * X '3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 0 2 1 E + 0 0  - 0 .3 3 4 3 E - 0 2 * X  + 0 . 6 4 7 4 E -0 3 * X -2  + 0 . 1 3 1 8 E -C 4 “ X ^

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 8 4 0 E + 0 0  - 0 .2 7 9 6 E - 0 2 * X  + 0 . 6 7 6 7 E -0 3 * X ''2  + 0 . 6 6 2 3 E - 0 5 * X '3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LES S THAN OR EQUAL TO 6 .25%

Y - 0 .2 7 1 1 E + 0 1  + 0 .1 6 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 7 1 1 E + 0 1  - 0 .7 5 2 2 E - 0 2 * X  + 0 .1 6 5 3 E -0 2 » X * 2  - 0 .6 9 9 4 E - 0 4 * X '>3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 8 9 8 E + 0 1  + 0 .1 1 2 0 E -0 2 * X

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %
Y - 0 .2 8 9 8 E + 0 1  - 0 .6 3 2 4 E - 0 2 * X  + 0 .1 8 3 0 E -0 2 * X -'2  - 0 . 9 6 7 6 E -0 4 * X ^ 3
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DISPLACEMENT 3 8 0 0 - 0  TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 . 5 4 1 5 E - 0 1  - 0 . 1 5 1 1 E + 0 0 * X  - 0  . 4 0 9 9 E - 0 1 * X -' 2  +0 . 9 4 8 4 E - 0 3  *X~3

BOX CLEARANCE 3 . 4 8  METRES TRIM 

Y - 0 .1 0 6 4 E + 0 0  - 0 .3 5 7 6 E + 0 0 * X  - 0 . 9 7 7 0 E -0 2 * X ~ 2

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y=0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz 

Y - 0 .7 6 8 7 E + 0 1  + 0 . 5 0 5 1 E -0 1 * X  - 0 . 6 6 9 4 E -0 2 * X ''2

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y—0 .7 4 5 8 E + 0 1  + 0 . 4 4 2 6 E -0 2 * X  + 0 . 1 8 4 1 E -0 2 * X " 2  - 0 . 3 2 4 2 E - 0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 20  DECREES 

Y - 0 .2 6 8 7 E + 0 0  - 0 .8 9 5 7 E - 0 2 * X  + 0 . 1 3 5 6 E - 0 2 *X~2 - 0 . 1 9 6 5 E - 0 4 ‘ XTO

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2C DEGREES 

Y - 0 . 3 1 0 6 E + 0 0  - 0 . 5 8 4 3 E -0 2 * X  + 0 . 8 9 7 5 E -0 3 * X " 2

BOX CLEARANCE 5 . 3 8  METRES .AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 8 1 3 E + 0 1  - 0 .1 1 2 0 E - 0 2 * X

FOR FLOODING EXTENT GREATER THAN 6.25%

Y - 0 .2 8 1 3 E + 0 1  - 0 .8 7 5 3 E - 0 2 * X  + 0 .1 7 1 8 E -0 2 * X ~ 2  - 0 . 8 2 1 3 E -0 4 * X " 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 9 7 5 E + 0 1  - 0 .1 6 0 0 E - 0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 9 7 5 E + 0 1  - 0 .8 0 5 2 E - 0 2 * X  + 0 .1 9 1 3 E -0 2 * X 'V2 - 0 . 1 0 3 5 E -0 3 * X ~ 3

D ISPL A C E M E N T 4 0 0 0 . 0  TONNES DAMAGE L O C A T ION PORT AND STARBOARD FORWARD 

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 .7 2 2 8 E - 0 1  - 0 .1 0 3 0 E + 0 0 * X  - 0 .5 2 2 9 E - 0 1 * X /'2  + 0 . 1 3 2 1 E -0 2 * X ~ 3

BOX CLEARANCE 3 . 4 8  METRES TRIM 

Y - 0 .1 1 4 9 E + 0 0  - 0 .3 5 6 6 E + 0 0 * X  - 0 . 1 0 3 1 E -0 1 * X ''2

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y - 0 .7 4 5 5 E + 0 1  + 0 .2 9 8 5 E -0 2 * X  - 0 . 3 6 6 3 E -0 3 * X /'2  - 0 . 1 7 7 4 E -0 3 * X ,'3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz
Y—0 .7 4 0 4 E + 0 1  - 0 .3 8 6 0 E - 0 2 * X  + 0 .1 2 0 1 E - 0 2 ‘ X,'2  - 0 . 3 0 3 5 E -0 3 * X * 3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 0 9 E + 0 0  - 0 .9 8 9 8 E - 0 2 * X  + 0 . 1 6 8 7 E -0 2 * X " 2  - 0 . 2 9 8 6 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 6 1 E + 0 0  - 0 .3 9 4 0 E - 0 2 * X  + 0 . 7 7 8 2 E -0 3 * X ,'2  + 0 . 4 0 1 2 E -C 5 * X /'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 6 7 7 E + 0 1  - 0 .4 8 0 0 E - 0 3 * X
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FOR FLOODING EXTENT GREATER THAN 6 .2 5 *

Y - 0 .2 6 7 7 E + 0 1  - 0 .7 8 6 3 E - 0 2 * X  + 0 .1 6 7 5 E -0 2 * X " 2  - 0 . 8 0 1 6 E -0 4 * X ^ 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE IX) 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 8 6 0 E + 0 1  - 0 . 4 8 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 8 6 0 E + 0 1  - 0 .9 5 5 1 E - 0 2 » X  + 0 .2 2 1 6 E -0 2 * X ''2  - 0 .1 2 0 6 E - 0 3 * X A3

D ISPL A C E M E N T  4 2 0 0 . 0  TONNES DAMAGE LOCATIO N PORT AND STARBOARD FORWARD

BOX CLEARANCE 5 . 3 8  METRES TRIM 

Y - 0 .3 7 7 8 E + 0 0  - 0 . 4 9 0 5 E + 0 0 * X  - 0 . 4 5 0 4 E -0 2 * X " 2

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y - 0 .4 0 9 9 E - 0 3  - 0 .1 0 1 7 E + 0 0 * X  - 0 .4 5 0 9 E - 0 1 * X ,'2  +0 . 1 2 7 3 E -0 2  «X,'3

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y - 0 .7 4 5 5 E + 0 1  + 0 .2 9 8 5 E -0 2 * X  - 0 .3 6 6 3 E - 0 3 * X ,'2  - 0 . 1 7 7 4 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y - 0 .7 1 5 7 E + 0 1  - 0 . 6 5 0 5 E -0 3 * X  + 0 .3 0 1 8 E -0 3 * X ,'2  - 0 .2 7 1 5 E - 0 3 * X ~ 3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y—0 .1 7 5 6 E + 0 0  - 0 .5 2 9 1 E - 0 2 * X  + 0 . 1 2 0 2 E -0 2 * X /'2  - 0 . 1 7 8 1 E -0 4 * X " 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 6 0 E + 0 0  - 0 .1 6 4 6 E - 0 2 * X  + 0 .5 5 4 S E - 0 3 * X ‘'2  + 0 . 9 S 9 5 E -0 5 * X ',3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 5 5 7 E + 0 1  + 0 .5 1 8 4 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y - 0 .2 5 5 7 E + 0 1  - 0 .7 3 4 3 E - 0 2 * X  + 0 .1 8 7 5 E -0 2 * X 1'2  - 0 . 9 8 6 9 E -0 4 * X ”'3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 7 5 3 E + 0 1  - 0 .S 0 4 S E - 0 2 * X  + 0 .1 5 7 1 E -0 2 * X /'2  - 0 . 1 0 2 7 E -0 3 * X /'3

D ISPL A C E M E N T 4 7 5 0 . 0  TONNES DAMAGE LO CA TIO N  PORT AND STARBOARD FORWARD 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y - 0 .4 2 3 1 E - 0 1  - 0 .1 7 2 0 E + 0 0 * X  - 0 . 3 8 6 0 E -0 1 * X " 2  + 0 . 8 3 2 5 E -0 3 * X " 3

BOX CLEARANCE 3 . 8 8  METRES TRIM 

Y - 0 .1 3 4 1 E + 0 0  - 0 . 1 4 2 1 E + 0 0 * X  - 0 .2 2 5 0 E - 0 1 * X ,'2

BOX CLEARANCE 5 . 9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz
Y—0 .7 5 6 3 E + 0 1  + 0 .4 8 7 4 E -0 1 * X  - 0 . 3 3 6 1 E -0 2 * X /'2  - 0 . 1 3 7 0 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y - 0 .7 7 0 9 E + 0 1  + 0 .2 1 2 8 E -0 2 * X  + 0 . 1 4 7 5 E -0 2 * X A2 - 0 . 3 3 7 0 E -0 3 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 .1 8 1 9 E + 0 0  + 0 .1 2 9 5 E - 0 1 * X  - 0 . 1 7 2 8 E -0 3 * X ''2  + 0 . 1 1 6 4 E -0 4 * X ,'3
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BOX CLEARANCE 3 .8 8  METRES AREA UNDER THE Gz CURVE TO 2G DEGREES 

Y - 0 .2 9 6 9 E + 0 0  - 0 . 9 3 6 1 E -0 3 * X  - 0 . 6 8 0 6 E - 0 4 *X~2 + 0 . 3 5 8 1 E - 0 4 * X " 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 5 5 7 E + 0 1  + 0 .7 2 1 6 E -0 1 * X  - 0 .5 3 6 0 E - 0 2 * X " 2  + 0 . 1 0 7 1 E -0 3 * X * 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 7 7 E + 0 1  - 0 .5 1 1 2 E - 0 2 * X  + 0 .1 2 0 6 E -0 2 * X ''2  - 0 . 6 1 0 3 E - 0 4 * X " 3  - 0 . 1 2 8 2 E - 0 5 * X ,' 4

D ISPL A C E M E N T 5 0 0 0 . 0  TONNES DAMAGE LOCATION PORT AND STARBOARD FORWARD 

BOX CLEARANCE 5 .9 4  METRES TRIM

Y - 0 . 5 8 5 8 E - 0 1  - 0 .1 1 9 6 E + 0 0 * X  - 0 . 5 0 4 1 E -0 1 * X " 2  + 0 . 1 2 1 6 E - 0 2 * X A3 

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y— 0 .3 2 6 3 E - 0 2  + 0 .2 4 9 2 E + 0 0 * X  - 0 . 8 2 5 0 E - 0 1 *XA2 + 0 . 2 2 3 0 F . - 0 2

BOX CLEARANCE 5 .9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 .9 4  METRES MAXIMUM Gz

Y - 0 .7 5 2 6 E + 0 1  + 0 . 3 2 4 6 E -0 1 * X  - 0 .2 2 3 0 E - 0 2 * X /'2  - 0 . 1 7 1 9 E - 0 3 'X '13 

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y - 0 .7 4 1 7 E + 0 1  + 0 .1 2 3 6 E -0 2 * X  + 0 .1 2 6 6 E -0 2 * X ~ 2  - 0 . 3 2 7 5 E - 0 3 * X " 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 3 8 E + 0 0  - 0 .8 7 5 8 E - 0 2 * X  + 0 .1 5 6 1 E -0 2 * X />2 - 0 .2 7 1 7 E - 0 4 « X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 5 9 8 E + 0 0  - 0 .1 2 0 9 E - 0 2 * X  + 0 .7 5 5 6 E - 0 4 * X ,'2  + 0 . 3 0 1 3 E -0 4 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 6 8 9 E + 0 1  - 0 .5 9 7 9 E - 0 2 * X  + 0 .1 4 7 0 E -0 2 * X <'2  - 0 . 8 0 9 5 E -0 4 * X " 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 8 4 5 E + 0 1  - 0 . 5 0 7 5 E -0 2 * X  + 0 .1 4 3 8 E -0 2 * X ''2  - 0 . 1 0 0 1 E -0 3 * X ~ 3

D ISPL A C E M E N T 5 2 5 0 . 0  TONNES DAMAGE LOCATIO N PORT AND STARBOARD FORWARD 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y - 0 .3 6 8 9 E - 0 1  - 0 .7 2 6 6 E - 0 1 * X  - 0 . 5 7 6 8 E -0 1 * X ~ 2  + 0 . 1 4 3 0 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 .8 9 5 0 E - 0 1  + 0 . 1 0 6 7 E + 0 0 * X  - 0 . 5 0 9 0 E -0 1 * X ~ 2  + 0 . 8 8 4 0 E - 0 3 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz
Y—0 .7 5 5 8 E + 0 1  + 0 .2 6 8 3 E - 0 1 * X  - 0 .3 8 6 5 E - 0 2 * X /'2  - 0 . 1 1 7 0 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y - 0 .6 9 9 0 E + 0 1  + 0 .7 3 4 6 E - 0 3 * X  + 0 .1 2 7 3 E -0 2 * X ,'2  - 0 . 3 1 0 7 E -0 3 * X ,'3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .1 8 1 2 E + 0 0  - 0 .8 6 1 0 E - 0 2 * X  + 0 .1 6 5 6 E -0 2 * X /'2  - 0 . 3 1 4 6 E -0 4 * X -'3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 .2 4 7 1 E + 0 0  - 0 .1 8 0 8 E - 0 2 * X  + 0 .3 1 2 8 E -0 3 * X /'2  + 0 . 1 6 8 3 E -0 4 * X /'3



BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 . 2 5 5 6 E + 0 1  - 0 .5 6 4 2 E - 0 2 * X  + 0 .1 3 4 7 E -0 2 * X '>2 - 0 . 7 5 4 0 E - C 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 7 2 4 E + 0 1  - 0 .2 8 0 1 E - 0 2 * X  + 0 . 1 0 4 9 E - 0 2 *X,' 2  - 0 . 8 9 4 4 E - 0 4 « X ' 3

DISPLACEMENT 9 5 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD FORWARD

BOX CLEARANCE 3 . 4 0  METRES TRIM 

Y - 0 .5 7 6 8 E - 0 1  - 0 . 1 8 6 0 E + 0 0 * X  - 0 .2 7 2 4 E - 0 2 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y = 0 .2 0 0 9 E - 0 1  - 0 .1 3 9 2 E + 0 0 * X  - 0 . 1 5 4 5 E -0 1 * X ~ 2  + 0 . 5 0 1 4 E -0 3 * X " 3

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y— 0 .5 7 5 9 E - 0 1  + 0 .1 9 2 8 E + 0 0 * X  + 0 . 7 8 0 S E -0 2 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES HEEL

Y— 0 .2 1 7 3 E - 0 1  + 0 .1 6 0 6 E + 0 0 * X  + 0 . 1 7 6 5 E -0 1 * X " 2  - 0 . 4 8 2 8 E -0 3 * X " 3

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz 

Y - 0 .7 1 0 4 E + 0 1  - 0 .5 6 6 4 E - 0 2 * X  - 0 . 1 2 5 1 E -0 2 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 2 1 6 E + 0 1  - 0 .1 4 0 9 E - 0 1 * X  + 0 .  3 8 1 1 E -0 2 * X /'2  - 0 .2 2 3 7 E - 0 3 " X /,3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .4 4 1 2 E + 0 0  - 0 . 1 1 3 8 E -0 2 * X  - 0 .5 4 9 7 E - 0 3 » X ''2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .5 7 9 8 E + 0 0  + 0 . 1 0 0 8 E -0 2 * X  - 0 . 8 0 2 1 E -0 3 * X ~ 2  + 0 . 1 5 1 8 E - 0 4 ‘ X ^

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 9 9 3 E + 0 1  + 0 .2 5 7 3 E - 0 2 * X  - 0 .1 0 0 4 E - 0 2 * X * 2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .3 1 6 7 E + 0 1  - 0 .3 4 4 6 E —0 2 * X  + 0 .2 9 6 2 E -0 3 * X " 2  - 0 . 4 2 5 6 E -0 4 * X ''3

D ISPL A C E M E N T 1 0 0 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD FORWARD 

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y - 0 .2 9 2 6 E - 0 1  - 0 . 1 5 4 6 E + 0 0 * X  - 0 . 1 2 3 7 E -0 1 * X " 2  + 0 . 3 3 3 6 E - 0 3 'X '-3 

BOX CLEARANCE 2 . 2 1  METRES TRIM
Y - 0 .2 0 0 9 E - 0 1  - 0 .1 3 9 2 E + 0 0 * X  - 0 . 1 5 4 5 E -0 1 * X ~ 2  + C . 5 0 1 4 E -0 3 * X " 3  

BOX CLEARANCE 3 . 4 0  METRES HEEL
Y— 0 .2 8 5 0 E - 0 1  + 0 .2 0 0 5 E + 0 0 * X  + 0 .2 0 4 6 E -0 1 * X ,'2  - 0 . 5 1 2 6 E -0 3 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y— 0 .1 5 2 8 E + 0 0  + 0 .4 1 1 0 E + 0 0 * X  - 0 . 4 0 1 6 E -0 2 * X " 2

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz 

Y - 0 .6 8 9 5 E + 0 1  - 0 .1 2 3 6 E - 0 1 * X  + 0 . 9 3 3 0 E -0 4 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz
Y - 0 .7 2 0 2 E + 0 1  - 0 .3 0 3 0 E - 0 2 * X  + 0 .2 0 4 7 E -0 2 * X ,'2  - 0 . 17 6 1 E -0 3 * X /'3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 5 5 0 E + 0 0  + 0 . 6 0 5 2 E -0 3 * X  - 0 . 9 2 5 5 E -0 3 * X ~ 2  + 0 .2 4 8 3 E - 0 4 * X ,'3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 5 2 2 8 E + 0 0  - 0 . 3 3 8 3 E -0 2 » X  - 0 .1 8 0 8 E -0 3 * X ~ 2

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 .2 9 0 0 E + 0 1  + 0 .1 2 0 3 E - 0 2 * X  - 0 .7 9 4 4 E - 0 3 * X /'2
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BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 . 3 1 0 4 E + 0 1  - 0 .  4 4 4 7 E -0 2 * X  + 0 .5 3 4 0 E -0 3 * X ''2  - 0  . 4 9 7 0 E -0 4  *X~3

D ISPL A C E M E N T 1 0 5 0 . 0  TONNES DAMAGE LOCATION STARBOARD FORWARD 

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y = 0 . 3 9 4 0 E - 0 1  - 0 . 1 3 0 6 E + 0 0 * X  - 0 .1 9 4 9 E - 0 1 * X -'2  + 0 . 5 7 8 0 E -0 3 * X ~ 3  

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y = 0 . 1 9 9 6 E - 0 1  - 0 .8 1 3 8 E - 0 1 * X  - 0 . 2 2 8 6 E -0 1 * X ~ 2  - 0 . 7 1 0 6 E - 0 3 * X '3 

BOX CLEARANCE 3 . 4 0  METRES HEEL

Y— 0 . 5 3 1 4 E - 0 1  + 0 .2 1 7 1 E + 0 0 * X  + 0 .2 8 2  7 E -0 1 * X ~ 2  - 0 . 8 5 1 7 E - 0 3 *X"3

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y— 0 .1 4 5 7 E + 0 0  + 0 .3 8 8 0 E + 0 0 * X  - 0 . 3 2 0 0 E -0 2 * X ~ 2

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .6 7 3 5 E + 0 1  - 0 .5 0 0 5 E - 0 2 * X  + 0 .1 7 3 6 E -0 2 * X ~ 2  - 0 . 8 6 5 7 E -0 4 * X " '3  

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 1 8 4 E + 0 1  + 0 .7 7 6 8 E -0 2 * X  + 0 . 1 3 8 8 E -0 3 * X ~ 2  - 0 .1 2 3 2 E - 0 3 * X * 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 9 3 0 E + 0 0  + 0 . 9 0 9 2 E -0 3 * X  - 0 . 8 9 1 3 E -0 3 * X ''2  +0 . 2 9 6 8 E -0 4  «X/'3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .4 8 2 1 E + 0 0  + 0 .1 3 1 7 E -0 3 * X  - 0 .4 6 7 7 E - 0 3 * X ,'2  + 0 .  8 1 2 9 E -0 5 * X '<3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 8 2 8 E + 0 1  + 0 .1 8 5 1 E -0 2 * X  - 0 . 7 2 1 0 E -0 3 * X ~ 2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .3 0 6 7 E + 0 1  - 0 .2 3 5 8 E - 0 2 * X  + 0 .3 7 0 9 E - 0 3 * X ,'2  - 0 . 47 4 8 E -0 4 * X ~ 3

D ISPL A C E M E N T  1 9 0 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD FORWARD 

BOX CLEARANCE 4 . 2 7  METRES TRIM

Y - 0 .2 1 8 4 E - 0 1  - 0 .6 9 7 3 E - 0 1 * X  - 0 . 1 7 7 3 E -0 1 * X A2 + 0 . 3 9 7 S E -0 3 « X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y - 0 .2 0 3 1 E - 0 1  - 0 .5 9 1 7 E - 0 1 * X  - 0 .1 9 6 1 E - 0 1 * X " 2  + 0 . 5 1 2 9 E -0 3 * X ~ 3  

BOX CLEARANCE 4 . 2 7  METRES HEEL

Y— 0 .4 8 3 5 E - 0 1  + 0 .1 8 2 6 E + 0 0 * X  + 0 .2 3 8 4 E - 0 1  *X/>2 - 0 .  5 5 7 4 E -0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y— 0 .5 2 8 1 E - 0 1  + 0 .1 6 4 6 E + 0 0 * X  + 0 .2 4 2 9 E -0 1 * X " 2  - 0 . 6 3 4 0 E -0 3 * X ~ 3  

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 .7 1 7 1 E + 0 1  - 0 .1 7 5 9 E - 0 1 * X  + 0 .1 4 4 6 E -0 2 * X ',2 - 0 . 1 6 9 2 E - 0 3 ‘ X/'3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y - 0 .6 9 8 9 E + 0 1  + 0 .5 1 8 9 E - 0 2 * X  + 0 .1 6 3 2 E -0 2 * X ~ 2  - 0 . 2 0 5 5 E -0 3 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 2 4 0 E + 0 0  + 0 .1 2 4 2 E -0 2 * X  - 0 . 9 3 0 9 E -0 3 * X ”'2  + 0 .2 5 2 4 E -0 4 * X * 3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 9 0 1 E + 0 0  + 0 .3 4 8 5 E -0 3 * X  - 0 .7 0 5 5 E - 0 3 * X ,'2  + 0 . 1 4 4 1 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 1 2 E + 0 1  - 0 .3 0 4 3 E - 0 2 * X  + 0 . 3 4 1 6 E - 0 4 - 0 . 5 0 5 1 E -0 4 * X ', 3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 5 7 E + 0 1  - 0 . 4 6 8 3 E -0 2 * X  + 0 .4 8 7 2 E -0 3 * X " 2  - 0 . 6 8 9 5 E -0 4 * X ~ 3
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D ISPL A C E M E N T 2 0 0 0 . 0  TONNES DAMAGE LO CATION STARBOARD FORWAJRD

BOX CLEARANCE 4 .2 7  METRES TRIM

Y = 0 . 1 9 5 9 E - 0 1  - 0 . 1 1 8 4 E -0 1 * X  - 0 .2 7 3 8 E - 0 1 * X * 2  + 0 . 6 8 1 7 E - 0  3 * X ' ' 3 

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = 0 . 7 4 3 0 E - 0 2  - 0 .1 3 0 4 E - 0 1 * X  - 0 .2 5 7 8 E - 0 1 * X ''2  + 0 . 6 8 7 0 E -0 3 * X /'3  

BOX CLEARANCE 4 .2 7  METRES HEEL

Y— 0 .3 7 9 0 E - Q 1  + 0 .4 1 6 4 E -0 1 * X  + 0 . 4 3 7 2 E -0 1 * X ~ 2  - 0 . 1 1 1 0 E - 0 2 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y = - 0 .3 0 4 0 E - 0 1  + 0 . 9 0 2 5 E -0 1 * X  + 0 . 3 2 5 0 E -0 1 * X ~ 2  - 0 . 8 3 9 6 E - 0 3 * X ~ 3  

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 .6 9 0 3 E + 0 1  - 0 .3 5 3 6 E - 0 1 * X  + 0 . 5 0 8 0 E - 0 2 * X ' ,2 - 0 . 2 7 7 3 E - 0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y - 0 .7 0 2 5 E + 0 1  + 0 .2 0 7 2 E -0 1 * X  - 0 .1 3 3 9 E - 0 2 * X ~ 2  - 0 . 1 2 6 5 E - 0 3 ‘ X~3

BOX CLEARANCE 4 .2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 1 0 E + 0 0  - 0 .4 2 7 8 E - 0 3 * X  - 0 . 5 6 3 4 E -0 3 * X * 2  + 0 . 1 5 0 4 E - 0 4 * X ~ 3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 4 5 3 E + 0 0  - 0 .5 6 1 1 E - 0 3 * X  - 0 . 5 0 9 0 E -0 3 * X /'2  + 0 . 1 0 3 7 E -0 4 * X " '3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 7 0 6 E + 0 1  - 0 .4 8 9 4 E - 0 2 * X  + 0 . 4 7 8 8 E -0 3 * X <'2  - 0 .  6 7 7 2 E - 0 4 * X /'3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 8 7 E + 0 1  - 0 .4 2 5 6 E - 0 2 * X  + 0 .4 1 7 3 E -0 3 * X /'2  - 0 . 6 7 3 5 E - 0 4 * X " 3

D ISPL A C E M E N T  2 1 0 0 . 0  TONNES DAMAGE LOCATIO N  STARBOARD. FORWARD 

BOX CLEARANCE 4 . 2 7  METRES TRIM
Y - 0 .4 4 2 3 E - 0 2  + 0 .3 6 9 8 E -0 1 * X  - 0 .3 4 0 1 E - 0 1 * X ~ 2  + 0 . 8 6 6 6 E -0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y— 0 . 9 6 3 1 E - 0 2  + 0 .1 8 1 3 E -0 1 * X  - 0 .2 7 0 9 E - 0 1 * X <S2 + 0 . 6 9 4 9 E - 0 3 ‘ X~3 

BOX CLEARANCE 4 .2 7  METRES HEEL
Y— 0 . 9 7 5 3 E - 0 2  - 0 .4 8 2 4 E - 0 1 * X  + 0 .5 2 4 3 E -0 1 * X " 2  - 0 . 1 3 1 6 E -0 2 * X * 3  

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y - 0 .3 1 3 0 E - 0 2  + 0 .2 9 0 0 E ~ 0 1 * X  + 0 .3 2 1 1 E -0 1 * X ,'2  - 0 . 7 1 9 8 E -0 3 * X " 3  

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 .6 7 1 8 E + 0 1  - 0 .3 4 7 1 E - 0 2 * X  + 0 .3 1 9 6 E -0 2 * X /'2  - 0 .2 4 9 5 E - 0 3 * X " 3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz
Y - 0 .7 0 3 7 E + 0 1  + 0 .1 6 8 3 E - 0 1 * X  - 0  V? 3 S 8 E -0 2 * X ''2  - 0 . 9 3 3 9 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 2 9 9 E + 0 0  + 0 .2 0 5 9 E -0 2 * X  - 0 .8 6 8 6 E - 0 3 * X /'2  + 0 .2 5 4 6 E - 0 4 * X 'N3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 2 2 1 E + 0 0  - 0 .2 8 9 1 E - 0 3 * X  - 0 .4 2 5 1 E - 0 3 * X ,'2  + 0 .7 5 4 8 E -0 5 * X -'3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 6 3 6 E + 0 1  - 0 .4 3 7 4 E - 0 2 * X  + 0 .4 8 6 2 E -0 3 * X ~ 2  - 0 . 7 1 9 8 E -0 4 * X ~ 3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .2 8 3 9 E + 0 1  - 0 .2 9 7 9 E - 0 2 * X  + 0 .1 9 6 1 E -0 3 * X ,S2 - 0 . 6 2 3 9 E -0 4 * X ~ 3
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D ISPL A C E M E N T 2 8 5 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD FORWARD

BOX CLEARANCE 4 .9 1  METRES TRIM

Y - 0 . 5 0 0 8 E - 0 2  - 0 . 1 1 9 3 E + 0 0 * X  - 0 . 1 0 7 0 E -0 1 * X * 2

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y=0 .2 5 0 2 E - 0 2  - 0 . 3 9 6 3 E -0 1 « X  - 0 .2 7 9 0 E - 0 1 * X ,'2  + 0 .7 4 3 3 E -0 3 * X ,'3

BOX CLEARANCE 4 .9 1  METRES HEEL 

Y— 0 .9 6 6 4 E - 0 1  + 0 .2 9 0 5 E + 0 0 * X  + 0 .8 6 2 1 E -0 2 * X " 2

BOX CLEARANCE 3 . 1 7  METRES HEEL

Y— 0 . 5 5 1 9 E - 0 2  + 0 .6 0 7 6 E -0 1 * X  + 0 . 4 0 2 5 E -0 1 * X ”'2  - 0 . 1 0 5 1 E -0 2 * X " 3  

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y - 0 .7 4 6 2 E + 0 1  - 0 .1 1 2 9 E - 0 1  *X + 0 .2  9 8 8 E -0 2 * X ''2  + 0 . 41 4 5F .-04  * X~ 3 - 0  . ; 8 5 5 E -0 4  ’ XA4 

BOX CLEARANCE 3 .1 7  METRES MAXIMUM Gz

Y = 0 .7 6 7 0 E + 0 1  + 0 .1 1 6 1 E -0 1 * X  - 0 . 2 2 1 5 E -0 2 * X '~ 2  - 0 . 1 1 7 0 E - 0 3 *X~3

BOX CLEARANCE 4 .9 1  METRES AREA UNDER THE Gz CURVE TO 2 0 DEGREES 

Y - 0 .3 0 9 6 E + 0 0  - 0 .3 2 7 9 E - 0 2 * X  - 0 .2 7 4 9 E - 0 3 » X " 2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .3 6 7 0 E + 0 0  + 0 .1 8 4 4 E -0 3 * X  - 0 .7 9 1 0 E - 0 3 * X ~ 2  + 0 .1 7 1 4 E - 0 4 ‘ X ''3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 2 2 E + 0 1  - 0 .6 2 3 6 E - 0 2 * X  + 0 . 7 8 7 8 E -0 3 * X ,'2  - 0 . 1 0 1 0 £ - 0 3 * X ''3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 . 3 0 9 5 E + 0 1  - 0 .4 1 6 6 E - 0 2 * X  + 0 .3 0 1 2 E - 0 3 ‘ X 'l2 - 0 . 7 9 0 4 E -0 4 * X ~ 3

D ISPL A C E M E N T  3 0 0 0 . 0  TONNES DAMAGE LO CA TIO N  STARBOARD FORWARD

BOX CLEARANCE 4 . 9 1  METRES TRIM 

Y - 0 .1 2 6 4 E + 0 0  - 0 .1 9 4 1 E + 0 0 * X  - 0 . 7  6 2 6 E -0 2 * X /'2

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y - 0 .1 9 3 8 E - 0 2  - 0 .1 2 0 6 E - 0 2 * X  - 0 . 3 4 8 8 E -0 1 * X 'V2 + 0 .  9 6 0 8 E -0 3 * X ,'3

BOX CLEARANCE 4 . 9 1  METRES HEEL

Y— 0 . 1 2 8 3 E + 0 0  + 0 . 3 0 8 2 E + 0 0 * X  + 0 .1 1 2 9 E -0 1 * X ~ 2

BOX CLEARANCE 3 . 1 7  METRES HEEL

Y— 0 . 3 5 0 7 E - 0 2  + 0 .4 2 4 5 E -0 1 * X  + 0 .4 6 6 8 E -0 1 * X * 2  - 0 . 1 2 6 5 E -0 2 * X -3  

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz
Y - 0 .7 5 6 9 E + 0 1  - 0 .2 3 9 5 E - 0 2 * X  + 0 .3 1 4 3 E -0 2 * X ~ 2  - 0 . 364 8 E -0 3 * X ,'3  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz
Y - 0 .7 3 9 6 E + 0 1  - 0 . 5 3 6 9 E -0 2 * X  + 0 '.5 3 0 9 E -0 3 * X ,'2  - 0 . 1 9 2 8 E -0 3 * X ''3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 3 3 E + 0 0  - 0 .3 3 8 8 E - 0 2 « X  - 0 . 1 4 9 0 E -0 3 * X ,'2

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 1 2 9 E + 0 0  - 0 .1 7 9 7 E - 0 3 * X  - 0 .5 9 9 2 E - 0 3 * X />2 + 0 . 1 2 8 6 E -0 4 * X ,'3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 0 9 E + 0 1  - 0 . 4 6 4 7 E -0 2 * X  + 0 .5 2 9 6 E -0 3 * X ~ 2  - 0 . 9 3 3 5 E -0 4 * X ', 3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y - 0 .2 9 8 6 E + 0 1  - 0 .3 0 4 9 E - 0 2 * X  + 0 .2 1 1 9 E - 0 3 * X ,'2  - 0 . 7 6 2 2 E -0 4 * X ~ 3
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DISPLACEMENT 3 1 5 Q . Q_-TONNES DAMAGE LOCATIO N STARBOARD FORWARD

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y = 0 . 6 5 9 7 E - 0 2  + 0 . 1 0 4 3 E + 0 0 * X  - 0 . 5 3 1 1 E -0 1 * X A2 + 0 . 1 5 1 5 E - 0 2 *XA3 

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y - 0 .8 3 7 0 E - 0 3  - 0 . 1 8 3 5 E -0 1 * X  - 0 . 2 9 5 9 E - 0 1 * XA2 +0 . 7 8 3 5 E - 0 3 * X A3

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y— 0 .1 2 3 9 E + 0 0  + 0 .2 8 6 6 E + 0 0 * X  + 0 . 1 4 6 2 E - 0 1 * X " 2

BOX CLEARANCE 3 . 1 7  METRES HEEL

Y— 0 . 1 0 8 7 E - 0 2  + 0 .7 7 8 3 E -0 1 * X  +0 . 3 6 3 5 E - 0 1  *XA2 - 0 . 8 9 5 4 E - 0 3 * X A3 

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y = 0 .7 5 5 4 E + 0 1  - 0 . 3 7 5 9 E -0 2 * X  + 0 . 1 6 2 4 E - 0 2 * X " 2  - 0 . 3 1 1 I E - 0 3 * X A3 

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz

Y = 0 . 7 1 2 1 E + 0 1  + 0 .9 9 1 5 E -0 2 * X  + 0 .2 7 7 8 E -0 3 * X A2 - 0 . 2 0 3 0 E - 0 3 * X A3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 0 2 6 E + 0 0  - 0 .2 7 2 9 E - 0 2 * X  - 0 . 1 1 8 8 E -0 3 * X A2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 8 3 9 E + 0 0  + 0 .2 7 8 3 E -0 3 * X  - 0 . 5 6 4 0 E -0 3 * X A2 + 0 . 1 2 2 6 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 7 1 1 E + 0 1  - 0 .6 3 5 2 E - 0 2 * X  + 0 . 8 3 7 6 E -0 3 * X A2 - 0 . 1 0 8 6 E -0 3 * X A3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .2 8 9 8 E + 0 1  + 0 . 9 0 2 8 E -0 3 * X  - 0 . 3 3 6 1 E -0 3 * X A2 - 0 . 6 0 8 1 E -0 4 * X A3

D IS PL A C E M ENT 3 8 0 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD FORWARD 

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 .1 5 2 7 E - 0 1  + 0 . 9 1 9 2 E -0 1 * X  - 0 .5 1 3 3 E - 0 1 * X ~ 2  + 0 . 1 6 8 5 E -0 2 * X A3 

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y - 0 .2 8 3 0 E - 0 1  - 0 .7 8 9 1 E - 0 1 * X  - 0 . 2 1 5 1 E -0 1 * X A2 + 0 . 5 2 7 5 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y - 0 .2 7 3 8 E - 0 2  - 0 .1 2 1 3 E + 0 0 * X  +0 . 6 82  5 E - 0 1 *XA2 - 0 . 2 0 7 5 E -0 2 * X A3 

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y— 0 .4 3 5 2 E - 0 1  + 0 .1 2 7 3 E + 0 0 * X  + 0 .2 8 5 3 E - 0 1 * X A2 - 0 . 6 2 7 8 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y - 0 .7 7 2 1 E + 0 1  - 0 .8 0 7 6 E - 0 3 * X  + 0 . 9 6 5 0 E -0 3 * X A2 - 0 . 2 9 5 2 E -0 3 * X A3 

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y - 0 .7 4 5 1 E + 0 1  + 0 .4 2 6 9 E -0 1 * X  - 0 .4 8 6 6 E - 0 2 * X A2 - 0 . 6 8 2 6 E -0 4 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 7 9 E + 0 0  + 0 .2 1 3 0 E - 0 2 * X  - 0 . 1 2 2 7 E -0 2 * X A2 + 0 . 3 8 7 1 E -0 4 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 0 9 9 E + 0 0  + 0 .1 8 1 7 E - 0 2 * X  - 0 .1 0 9 8 E - 0 2 * X A2 + 0 . 3 3 4 0 E -0 4 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .2 8 1 3 E + 0 1  - 0 . 6 7 2 5 E -0 2 * X  + 0 .8 0 6 8 E - 0 3 * X A2 - 0 . 1 1 8 6 E -0 3 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES

Y - 0 .2 9 7 5 E + 0 1  - 0 . 4 6 1 4 E -0 2 * X  + 0 . 6 6 0 4 E - 0 3 ‘ XA2 - 0 . 1 2 0 0 E -0 3 * X A3
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D ISPL A C E M E N T 4 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD FORWARD

BOX CLEARANCE 5 . 3 8  METRES TRIM 

Y - 0 .9 8 4 8 E - 0 1  - 0 . 1 4 0 4 E + 0 0 * X  - 0 . 1 1 6 5 E - 0 1 ‘ X V

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y = 0 .1 9 8 3 E - 0 1  - 0 .  4 7 1 9 E -0 1  ’ X - 0  . 2 6 5 4 E -0 1  *XA2 + 0 . 6 7 8 0 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y - 0 .6 8 4 3 E - 0 2  - 0 .2 0 0 1 E + 0 0 * X  + 0 . 8 5 1 6 E -0 1 * X A2 - 0 . 2 5 8 1 E -C 2 * X A3 

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y— 0 .3 3 4 2 E - 0 1  + 0 . 1 0 8 4 E + 0 0 * X  + 0 . 3 3 8 4 E -0 1 * X A2 - 0 . 7 8 9 8 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y - 0 .7 4 5 9 E + 0 1  - 0  . 2 2 0 5 E - 0 1 ‘ X + 0 . 4 4 8 5 E -0 2 * X A2 - 0 .  4 0 3 6 E -0 3 * X A3 

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y - 0 .7 4 0 4 E + 0 1  - 0 .8 5 5 9 E - 0 3 * X  + 0 . 7 9 7 4 E - 0 3 ‘ XA2 - 0 . 3 0 5 5 E -0 3 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 1 1 0 E + 0 0  - 0 . 3 5 2 3 E -0 2 * X  - 0 . 1 3 9 0 E -0 3 * X A2

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 5 9 E + 0 0  + 0 . 8 4 5 7 E -0 3 * X  - 0 . 8 1 0 3 E -0 3 * X A2 + 0 .2 4 8 3 E -0 4 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 6 7 7 E + 0 1  - 0 . 4 3 3 0 E -0 2 * X  + 0 . 4 2 8 2 E -0 3 * X A2 - 0  . 1 0 4 5 E -0 3 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 8 6 0 E + 0 1  - 0 .  5 5 0 1 E -0 2 * X  + 0 . 7 2 0 2 E -0 3 * X A2 - 0 . 1 2 4 5 E -0 3 * X A3

D ISPL A C E M E N T  4 2 0 0 . 0  TO NN ES. DAMAGE LO CA TIO N  STARBOARD FORWARD

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 .2 0 5 9 E - 0 1  + 0 . 9 7 8 0 E —01*X  - 0 . 5 1 8 1 E -0 1 * X A2 + 0 . 1 5 3 4 E -0 2 * X A3 

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y— 0 . 1 3 9 9 E -0 2  - 0 . 6 5 3 6 E -0 2 * X  - 0  .2 9 7 7 E -0 1 * X A2 + 0 .7 4 7 8 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y - 0 .6 4 0 6 E - 0 2  - 0 .2 0 4 3 E + 0 0 * X  + 0 . 8 8 9 0 E -0 1 * X A2 - 0 .2 6 9 2 E - 0 2 * X A3 

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y— 0 . 3 5 8 5 E - 0 2  + 0 .8 4 9 8 E -0 1 * X  + 0 . 3 3 9 1 E -0 1 * X A2 - 0 . 7 3 9 2 E -0 3 * X A3 

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y - 0 .7 2 8 1 E + 0 1  + 0 .5 2 0 S E - 0 2 * X  + 0 .2 0 6 2 E -0 2 * X A2 - 0 . 3 54  3 E -0 3 * X A3 

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y - 0 .7 1 5 7 E + 0 1  + 0 .2 2 8 1 E - 0 2 * X  - 0 .1 6 1 3 E - 0 3 * X A2 - 0 .2 6 9 0 E - 0 3 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .1 7 5 4 E + 0 0  - 0 .3 8 4 6 E - 0 3 * X  - 0 . 5 2 7 7 E -0 3 * X A2 + 0 . 1 7 1 9 E -0 4 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 5 9 E + 0 0  + 0 .1 4 9 0 E - 0 2 * X  - 0 . 7 8 9 2 E -0 3 * X A2 + 0 .2 3 8 3 E -0 4 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 5 5 7 E + 0 1  - 0 .1 4 2 6 E - 0 2 * X  - 0 .5 6 9 9 E - 0 4 * X A2 - 0 . 8 5 7 6 E -0 4 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 .2 7 5 3 E + 0 1  - 0 . 12  3 5 E -0 2 * X  + 0 . 5 1 7 3 E -0 4 * X A2 - 0 . 1 0 3 1 E - 0 3 ‘ XA3

1 9 7



D ISPL A C E M E N T  4 7 5 0 . 0  .. TONNES DAMAGE LO CATIO N STARBOARD FORWARD

BOX CLEARANCE 5 .9 4  METRES TRIM

Y=0 . 2 5 7 0 E - 0 1  - 0 .  6 4 8 7 E -0 1 * X  - 0 .2 3 2 9 E - 0 1 * X A2 + 0 . 5 0 1 3 E -0 3 * X A3 

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y = 0 . 1 3 4 9 E - 0 1  +0 . 5 0 6 0 E -0 1 * X  - 0 . 3 3 1 9 E -0 1 * X A2 + 0 . 7 7 9 0 E -0 3 * X A3 

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y = - 0 . 3 6 6 5 E - 0 1  + 0 .8 8 8 5 E -0 1 * X  + 0 . 3 2 3 7 E -0 1 * X A2 - 0 . 5 9 9 1 E -0 3 * X A3 

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y— 0 . 2 8 6 6 E - 0 1  - 0 . 1 5 5 1 E + 0 0 * X  + 0 .5 3 1 9 E -0 1 * X A2 - 0  . 1 1 4 3 E -0 2  *XA3 

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y = 0 .7 5 6 4 E + 0 1  + 0 . 4 1 1 0 E -0 1 * X  - 0 .1 6 3 9 E - 0 2 * X A2 - 0 . 2 3 2 6 E -0 3 * X A3 

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y = 0 . 7 7 0 9 E + 0 1  + 0 .1 2 7 8 E -0 2 * X  + 0 .1 8 1 1 E - 0 2 * X A2 - 0 . 3 6 6 4 E -0 3 * X A3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 1 8 1 5 E + 0 0  + 0 . 1 9 8 3 E -0 1 * X  - 0 .2 0 4 S E - 0 2 * X A2 + 0 . 4 1 9 8 E -0 4 * X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 9 7 1 E + 0 0  + 0 .2 7 2 8 E -0 2 * X  - 0 . 8 5 8 5 E -0 3 * X A2 + 0 . 1 7 4 9 E -0 4 * X A3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 5 5 6 E + 0 1  + 0 .7 5 3 6 E -0 1 * X  - 0 . 6 5 8 3 E -0 2 * X A2 + 0 . 8 3 3 3 E -0 4 * X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 9 7 8 E + 0 1  - 0 .2 4 7 2 E - 0 2 * X  + 0 . 8 5 5 5 E -0 3 * X A2 - 0 . 1 4 1 4 E - 0 3 ‘ XA3

DISPLACEMENT 5000.0 TONNES DAMAGE LOCATION STARBOARD FORWARD 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y - 0 .2 6 6 2 E - 0 1  - 0 .2 1 3 8 E -0 1 * X  - 0 .3 1 1 7 E - 0 1 * X A2 + 0 . 7 2 5 9 E -0 3 * X A3 

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 .4 7 3 8 E - 0 3  + 0 .1 1 7 1 E + 0 0 * X  - 0 . 3 9 6 6 E -0 1 * X A2 + 0 . 9 3 1 7 E -0 3 * X A3 

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y— 0 . 3 0 2 5 E - 0 1  + 0 .1 3 0 6 E -0 1 * X  + 0 .4 8 4 0 E - 0 1 * X A2 - 0 .1 0 8 0 E - 0 2 * X A3 

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y— 0 .9 7 7 5 E - 0 2  - 0 .1 9 0 9 E + 0 0 * X  + 0 . 5 9 1 9 E -0 1 * X A2 - 0 .1 2 9 9 E - 0 2 * X A3 

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y - 0 .7 5 3 1 E + 0 1  + 0 . 3 3 1 2 E -0 2 * X  + 0 .3 3 0 9 E - 0 2 * X A2 - 0 .4 2 4 3 E - 0 3 * X A3 

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y = 0 .7 4 1 7 E + 0 1  + 0 .2 9 3 0 E -0 2 * X  + 0* .1O 92E -O 2*X A2 - 0 . 3 3 4 8 E -0 3 * X A3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 3 1 E + 0 0  - 0 . 1 7 8 7 E -0 2 * X  - 0 . 3 6 3 1 E -0 3 * X A2 + 0 . 6 5 3 8 E -0 5 * X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 0 0 E + 0 0  + 0 .2 0 6 7 E -0 2 * X  - 0 . 6 9 8 0 E -0 3 * X A2 + 0 .1 3 9 0 E -0 4 * X A3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 6 8 9 E + 0 1  - 0 .2 4 1 1 E - 0 2 * X  + 0 . 1 2 5 1 E -0 3 * X A2 - 0 . 1 0 1 0 E -0 3 * X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y - 0 .2 8 4 6 E + 0 1  - 0 .2 9 3 5 E - 0 3 * X  + 0 . 4 3 2 7 E -0 3 * X A2 - 0 .1 2 7 1 E - 0 3 * X A3

1 9 8



D ISPL A C E M E N T  5 2 5 P .  P . TONNES DAMAGE LOCATION STARBOARD FORWARD

BOX CLEARANCE 5 .9 4  METRES TRIM

Y = 0 . 1 0 6 3 E - 0 I  + 0 . 1 5 8 3 E -0 1 * X  - 0 . 3 6 8 7 E - 0 1 ‘ X~2 + 0 . 8 8 3 8 E - 0 3 'X ', 3 

BOX CLEARANCE 3 .8 8  METRES TRIM

Y=0 . 7 9 2 7 E - 0 1  + 0 .1 3 3 2 E + 0 0 * X  - 0 .  3 8 9 5 E -0 1 * X ',2 +0 . 8 7 7 4 E -0 3 * X ,'3  

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y— 0 .1 6 0 1 E - 0 1  - 0 .2 7 8 3 E - 0 1 * X  + 0 . 5 7 0 7 E -0 1 * X " 2  - 0 . 1 3 3 8 E -0 2 » X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y = 0 .6 7 5 7 E - 0 2  - 0 .1 8 7 8 E + 0 0 * X  + 0 . 5 5 4 1 E -0 1 * X ~ 2  - 0 . 1 1 3 1 E -0 2 * X A3 

BOX CLEARANCE 5 .9 4  METRES MAXIMUM Gz

Y = 0 .7 5 6 3 E + 0 1  + 0 . 5 7 1 8 E -0 3 * X  + 0 . 1 0 0 1 E -0 2 * X ~ 2  - 0 . 3 3 3 7 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y*=0. 6 9 9 0 E + 0 1  - 0 .1 5 7 9 E - 0 2 * X  + 0 . 1 9 0 6 E -0 2 * X ,'2  - 0 .  3 5 5 5 E -0 3 * X " 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y = 0 . 1 8 0 4 E + 0 0  - 0 . 1 5 9 5 E -0 2 * X  - 0 .2 9 4 1 E - 0 3 * X ~ 2  + 0 . 5 1 4 2 E -0 5 * X ',3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 2 4 7 0 E + 0 0  + 0 .2 2 4 6 E -0 2 * X  - 0 . 6 5 1 5 E -0 3 * X " 2  + 0 .1 2 0 6 E -0 4 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 5 5 6 E + 0 1  - 0 . 1 1 9 4 E -0 2 * X  - 0 .2 7 3 4 E - 0 3 * X ,'2  - 0 .8 2 3 8 E - 0 4 * X - 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 7 2 4 E + 0 1  + 0 .2 2 8 8 E -0 2 * X  - 0 . 6 5 3 4 E -0 4 * X ',2 - 0 . 1 0 9 2 E -0 3 * X 'N3

DISPL A C E M E N T 9 5 0 . 0  TONNES DAMAGE LO CA TIO N  STARBOARD M ID S H IP S  

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y— 0 .8 4 0 0 E - 0 4  + 0 .S 5 9 9 E - 0 1 * X  - 0 .4 1 3 6 E - 0 2 * X * 2  + 0 . 6 7 6 4 E -0 4 * X ~ 3  

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y - 0 .6 2 2 5 E - 0 2  + 0 . 4 9 9 0 E -0 1 * X  - 0 .4 7 2 3 E - 0 2 * X A2 + 0 . 8 9 5 3 E - 0 4 *X~3

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y - 0 .5 2 7 7 E - 0 1  + 0 .1 4 0 1 E + 0 1 * X  - 0 .2 8 6 2 E - 0 1 * X ,'2

BOX CLEARANCE 2 . 2 1  METRES HEEL

Y— 0 .3 3 4 5 E - 0 1  + 0 .1 8 4 6 E + 0 1 * X  - 0 .1 0 2 1 E + 0 0 * X ''2  + 0 .2 0 5 0 E -0 2 * X /'3

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .7 0 9 3 E + 0 1  - 0 . 5 9 6 8 E -0 1 * X

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .6 5 9 0 E + 0 1  + 0 .2 3 9 2 E -0 1 * X  - Q .  5 7 4 3 E -0 3 * X ,'2

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 2 1 6 E + 0 1  - 0 .3 5 7 6 E - 0 2 * X  + 0 .4 0 5 7 E - 0 3 * X ,'2  - 0 . 6 0 9 8 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .4 4 0 2 E + 0 0  - 0 . 3 5 0 0 E -0 1 * X  + 0 . 7 5 5 4 E -0 3 * X ,'2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .5 8 0 0 E + 0 0  - 0 .3 1 5 1 E - 0 1 * X  + 0 .1 0 4 3 E - 0 2 * X /'2  - 0 .2 1 1 5 E - 0 4 * X ,'3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 9 7 9 E + 0 1  - 0 .3 4 4 9 E - 0 1 * X  + 0 .3 8 1 1 E - 0 3 * X ,'2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y = 0 . 3 1 6 7 E + 0 1  - 0 .3 5 7 1 E - 0 1 * X  + 0 .1 5 4 3 E - 0 2 * X A2 - 0 . 4 2 4 8 E -0 4 * X * 3

1 9 9



D ISPL A C E M E N T  1 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD M ID S H IP S

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y = 0 . 4 9 8 8 E - 0 2  + 0 . 9 4 1 1 E -0 1 * X  - 0 . 9 2 0 4 E -0 2 * X ~ 2  + 0 . 1 9 9 8 E - Q 3 * X A3 

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y = 0 . 6 1 4 7 E - 0 2  + 0 . 1 9 3 3 E -0 1 * X  - 0 .2 9 5 2 E - 0 2 * X A2 + 0 . 5 9 5 5 E -0 4 * X A3 

BOX CLEARANCE 3 . 4 0  METRES HEEL

Y = 0 . 5 8 3 8 E - 0 1  + 0 .2 1 3 4 E + 0 1 * X  - 0 . 1 0 1 9 E + 0 0 * X A2 + 0 . 1 7 5 6 E -0 2 * X A3 

BOX CLEARANCE 2 . 2 1  METRES HEEL

Y = 0 . 1 5 6 3 E - 0 1  + 0 .2 0 1 8 E + 0 1 * X  - 0 . 1 2 3 4 E + 0 0 * X A2 + 0 . 2 6 1 8 E -0 2 « X A3 

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y = 0 . 6 8 9 0 E + 0 1  - 0  . 5 3 0 3 E -0 1 * X  + 0 .7 2 1 2 E - 0 2 ‘ XA2 - 0 . 3 2 1 3 E -0 3 * X A3 + 0 .  4 2 0 0 E -0 5 * X A4 

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 2 0 3 E + 0 1  + 0 .1 0 3 4 E -0 1 * X  - 0 .2 4 3 5 E - 0 2 * X A2 + 0 . 27  6 1 E -0 4 * X A3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 5 5 3 E + 0 0  - 0 . 3 2 4 3 E -0 1 * X  + 0 . 1 0 6 7 E -0 2 * X A2 - 0 . 1 1 4 7 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 5 1 9 9 E + 0 0  - 0 .2 6 5 2 E - 0 1 * X  + 0 . 8 2 1 0 E -0 3 * X A2 - 0 . 1 6 7 7 E -0 4 * X A3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 8 9 9 E + 0 1  - 0 .4 2 7 3 E - 0 1 * X  + 0 .1 8 4 9 E -0 2 * X A2 - 0 . 4 4 3 0 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y - 0 . 3 1 0 4 E + 0 1  - 0 .2 8 5 1 E - 0 1 * X  + 0 . 1 0 1 0 E - 0 2 ‘ XA2 - 0 . 3 2 5 6 E -0 4 * X A3

D ISPL A C E M E N T 1 0 5 0 . 0  TONNES DAMAGE LO CA T IO N  STARBOARD M ID S H IR S  

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y - 0 . 1 2 4 3 E - 0 1  + 0 .7 3 3 1 E -0 1 * X  - 0 .8 7 7 9 E - 0 2 * X A2 +0 .2 0 7 5 E -0 3 * X A3 

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y - 0 . 1 0 1 1 E —0 1  - 0 . 1 5 2 3 E -0 2 * X  - 0 .2 1 5 2 E - 0 2 * X A2 + 0 . 5 3 1 9 E -0 4 * X A3 

BOX CLEARANCE 3 . 4 0  METRES HEEL

Y - 0 .3 0 4 0 E - 0 1  + 0 .2 3 1 7 E + 0 1 * X  - 0 .1 1 8 1 E + 0 0 * X A2 + 0 .2 0 9 9 E - 0 2 * X A3 

BOX CLEARANCE 2 . 2 1  METRES HEEL

Y - 0 . 1 2 1 9 E - 0 1  + 0 .1 7 0 0 E + 0 1 * X  - 0 .9 4 9 0 E - 0 1 * X A2 + 0 . 1 9 4 9 E -0 2 * X A3 

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 . 6 7 3 5 E + 0 1  + 0 .1 9 5 1 E -0 1 * X  - 0 .2 3 2 1 E - 0 2 * X A2 + 0 . 1 8 6 7 E -0 3 * X A3 - 0 . 5 6 3 6 E -0 5 * X A4 

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 1 8 4 E + 0 1  + 0 .1 5 5 5 E - 0 1 * X  - 0 .4 7 3 7 E - 0 2 * X A2 + 0 .1 0 8 0 E - 0 3 « X A3
/

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 9 3 6 E + 0 0  - 0 .2 7 9 6 E - 0 1 * X  + 0 .1 0 3 1 E -0 2 * X A2 + 0 .1 3 3 9 E - 0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 4 8 2 0 E + 0 0  - 0 .2 1 2 7 E - 0 1 * X  + 0 . 4 4 1 6 E -0 3 * X A2 - 0 .7 4 4 4 E - 0 5 * X A3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 2 7 E + 0 1  - 0 .3 7 0 0 E - 0 1 * X  + 0 . 1 5 7 5 E -0 2 * X A2 - 0 . 4 1 3 5 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 . 3 0 6 7 E + 0 1  - 0 .2 2 0 7 E - 0 1 * X  + 0 .2 9 1 7 E - 0 3 ‘ XA2 - 0 . 1 5 5 9 E -0 4 * X A3

2 0 0



D ISPL A C E M E N T 1 9 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD M ID S H IP S

BOX CLEARANCE 4 .2 7  METRES TRIM

Y=—0 . 9 7 0 2 E —0 3  + 0 . 7 2 1 1 E -0 1 * X  - 0 .  6 4 1 8 E -0 2 * X ,'2  +0 . 1 4 9 1 E -0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = 0. 2 3 1 5 E - 0 2  + 0 . 3 6 4 8 E -0 1 * X  - 0 . 3 6 4 5 E -0 2 * X A2 + 0 .  7 U 7 E - 0 4 * X A3 

BOX CLEARANCE 4 .2 7  METRES HEEL

Y = 0 . 1 8 7 8 E - 0 1  + 0 .2 1 2 5 E + 0 1 * X  - 0 . 1 0 0 5 E + 0 0 * X A2 + 0 .2 0 9 0 E -0 2 * X A3 

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y = 0 . 5 5 9 2 E - 0 1  + 0 .1 8 4 8 E + 0 1 * X  - 0 . 8 5 2 5 E -0 1 * X A2 + 0 . 1 5 4 5 E -0 2 * X A3

BOX CLEARANCE 4 .2 7  METRES MAXIMUM Gz

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .33%

Y = 0 .7 1 6 8 E + 0 1  - 0 . 7 4 8 8 E -0 1 * X

FOR FLOODING EXTENT GREATER THAN 6 .33%

Y = 0 . 6 5 8 8 E + 0 1  + 0 . 1 2 5 8 E -0 1 * X  + 0 .1 3 9 7 E - 0 2 ‘ XA2 - 0  .8 5 6 5 E -0 4 * X A3 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y = 0 .6 9 9 0 E + 0 1  + 0 .5 6 3 0 E -0 1 * X  - 0 . 7 8 6 3 E -0 2 * X A2 + 0 . 1 5 6 7 E -0 3 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 2 4 5 E + 0 0  - 0 . 3 5 3 1 E -0 1 * X  + 0 .1 0 2 0 E -0 2 * X A2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 8 9 1 E + 0 0  - 0 .2 7 7 1 E - 0 1 * X  + 0 .4 4 5 0 E -0 3 * X A2 + 0 . 3 3 1 6 E -0 5 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y = 0 .2 8 1 0 E + 0 1  - 0 .4 8 5 4 E - 0 1 * X  + 0 . 6 1 7 8 E -0 3 * X A2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y - 0 .2 9 4 8 E + 0 1  - 0 .3 2 1 0 E - 0 1 * X  - 0 .1 7 0 5 E - 0 3 * X A2

DISPLACEMENT 2000.0 TONNES DAMAGE LOCATION STARBOARD MIDSHIPS 

BOX CLEARANCE 4 . 2 7  METRES TRIM

Y— 0 . 1 4 7 2 E - 0 2  + 0 .1 0 4 7 E + 0 0 * X  - 0 . 1 3 0 3 E -0 1 * X A2 + 0 .4 0 4 5 E - 0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y - 0 .1 6 5 8 E - 0 2  + 0 . 1 3 6 4 E -0 1 * X  - 0 .2 3 5 1 E - 0 2 * X A2 + 0 . 4 8 6 2 E -0 4 * X A3 

BOX CLEARANCE 4 . 2 7  METRES HEEL

Y - 0 .1 9 7 3 E - 0 1  + 0 .2 1 0 6 E + 0 1 * X  - 0 .8 4 1 3 E - 0 1 * X A2 + 0 .1 2 0 3 E - 0 2 * X A3 

BOX CLEARANCE 2 . 7 7  METRES HEEL
Y - 0 .4 3 8 0 E - 0 1  + 0 .1 7 7 9 E + 0 1 * X  - 0 .8 1 4 6 E - 0 1 * X A2 + 0 . 1 4 9 0 E -0 2 * X A3 

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y - 0 . 6 9 0 0 E + 0 1  - 0 .7 0 4 7 E - 0 1 * X  + 0 . '1 0 5 2 E -0 1  *XA2 - 0 . 4 3 9 5 E -0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y - 0 .7 0 3 4 E + 0 1  + 0 .2 3 5 3 E -0 1 * X  - 0 . 6 6 4 2 E -0 2 * X A2 + 0 . 1 3 6 6 E -0 3 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 0 9 E + 0 0  - 0 .2 9 0 5 E - 0 1 « X  + 0 .8 6 3 1 E -0 3 * X A2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 4 4 6 E + 0 0  - 0 .2 6 2 4 E - 0 1 * X  + 0 . 6 3 3 0 E -0 3 « X A2 + 0 . 3 8 1 4 E -0 5 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y - 0 .2 7 0 4 E + 0 1  - 0 .4 1 8 1 E - 0 1 * X  + 0 . 3 1 5 1 E -0 3 * X A2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y - 0 .2 8 7 8 E + 0 1  - 0 . 3 0 6 8 E -0 1 * X  - 0 .2 9 1 9 E - 0 3 * X A2

2 0 1



D ISPLA CEM EN T 2 1 Q Q .Q  TONNES DAMAGE LOCATION STARBOARD M ID S H IP S

BOX CLEARANCE 4 .2 7  METRES TRIM

Y = 0 . 1 7 4 8 E - 0 2  + 0 . 5 9 0 7 E -0 1 * X  - 0 .7 4 7 8 E - 0 2 * X ~ 2  + 0 . 2 1 2 1 E -0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = - 0 .  6 6 4 9 E - 0 3  +0 . 1 6 1 8 E -0 2 * X  - 0 . 1 9 3 6 E -0 2 * X /'2  + 0 .  4 5 2 2 E -0 4 * X /'3  

BOX CLEARANCE 4 .2 7  METRES HEEL

Y = 0 . 5 8 4 5 E - 0 2  + 0 .2 1 9 1 E + 0 1 * X  - 0 . 9 6 6 4 E -0 1 * X ~ 2  + 0 . 1 5 7 6 E -0 2 * X ,'3  

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y=0 . 2 4 6 7 E - 0 1  +0 . 1 3 8 0 E + 0 1 * X  - 0  . 4 8 2 1 E -0 1  *X,'2  + 0 .7 6 7 4 E -0 3 * X ~ 3  

BOX CLEARANCE 4 .2 7  METRES MAXIMUM Gz

Y = 0 .6 7 2 4 E + 0 1  + 0 . 1 2 8 0 E -0 1 * X  + 0 . 1 3 8 8 E -0 2 * X " 2  - 0 . 2 1 4 S E -0 3 * X ~ 3  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y“ 0 . 7 0 5 5 E + 0 1  - 0 . 5 3 1 7 E -0 1 * X  + 0 .2 8 7 9 E -0 3 * X ,'2  - 0 . 4 3 6 8 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 2 9 9 E + 0 0  - 0 .3 1 0 4 E - 0 1 * X  + 0 .1 4 7 9 E -0 2 * X ,'2  - 0 . 2 3 2 4 E -0 4 * X ~ 3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0. 3 2 1 5 E + 0 0  - 0 .2 2 8 7 E - 0 1 * X  + 0 . 5 3 0 4 E -0 3 * X ‘'2  - 0 . 3 6 8 2 E -0 5 * X ,'3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y = 0 .2 6 3 3 E + 0 1  - 0 . 4 0 7 7 E -0 1 * X  + 0 .2 3 4 4 E -0 3 * X A2

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 8 3 0 E + 0 1  - 0 . 3 0 6 8 E -0 1 * X  - 0 .3 9 8 7 E - 0 3 * X - '2

DISPLACEMENT 2850.0 TONNES DAMAGE LOCATION ■STARBOARD MIDSHIPS

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y— 0 .1 1 2 8 E - 0 2  + 0 .6 7 7 1 E -0 1 * X  - 0 .4 9 4 1 E - 0 2 * X />2 + 0 .8 7 0 0 E -0 4 * X ,'3  

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y - 0 .5 0 1 6 E - 0 3  + 0 .5 2 5 2 E -0 1 * X  - 0 .4 9 1 8 E - 0 2 * X <'2  + 0 .1 0 1 1 E -0 3 * X ', 3 

BOX CLEARANCE 4 . 9 1  METRES HEEL

Y— 0 . 4 2 5 7 E - 0 3  + 0 .2 0 0 7 E + 0 1 * X  - 0 .7 4 1 2 E - 0 1 * X ~ 2  + 0 .1 1 5 3 E -0 2 * X ~ 3  

BOX CLEARANCE 3 . 1 7  METRES HEEL

Y = 0 . 6 7 3 6 E - 0 1  + 0 .1 9 8 6 E + 0 1 * X  - 0 . 9 3 3 6 E -0 1 * X ,'2  + 0 .1 7 5 2 E - 0 2 * X '-3 

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y = 0 .7 4 6 9 E + 0 1  + 0 . 5 9 9 4 E -0 1 * X  - 0 .7 6 9 4 E - 0 2 * X ~ 2  + 0 .1 1 9 7 E -0 3 * X ~ 3  

BOX CLEARANCE 3 .1 7  METRES MAXIMUM Gz
Y - 0 .7 6 6 2 E + 0 1  - 0 .1 1 1 4 E + 0 0 * X  + 0 : 7 7 2 8 E - 0 2 ‘ X'>2 - 0 .2 6 3 4 E - 0 3 * X ,'3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 0 8 4 E + 0 0  - 0 . 4 0 5 1 E -0 1 * X  + 0 .1 8 0 2 E -0 2 * X />2 - 0 .2 7 0 1 E -0 4 * X ,'3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 6 4 8 E + 0 0  - 0 .3 0 8 2 E - 0 1 * X  + 0 .6 6 7 3 E -0 3 * X ~ 2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y - 0 .2 9 1 1 E + 0 1  - 0 . 4 3 5 2 E -0 1 * X  - 0 . 3 3 3 1 E -0 3 * X '>2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES

Y * 0 . 3 0 7 9 E + 0 1  - 0 . 3 7 7 3 E -0 1 * X  - 0 .5 4 1 7 E - 0 3 * X * 2

2 0 2



D ISPL A C E M E N T 3 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD M ID S H IP S

BOX CLEARANCE 4 .9 1  METRES TRIM

Y = 0 . 4 8 7 4 E - 0 2  + 0 . 7 0 6 2 E -0 1 * X  - 0 . 6 4 6 2 E -0 2 * X A2 + 0 . 1 3 5 6 E -0 3 * X A3 

BOX CLEARANCE 3 .1 7  METRES TRIM

Y = 0 . 2 9 2 2 E - 0 2  + 0 .2 7 1 7 E -0 1 * X  - 0 . 34 4 4 E -0 2 * X A2 + 0 . 7 4 6 1 E -0 4 * X A3 

BOX CLEARANCE 4 .9 1  METRES HEEL

Y=0 . 1 9 1 5 E - 0 1  + 0 .2 3 4 3 E + 0 1 * X  - 0 . 1 0 5 1 E + 0 0 * X A2 +0 . 1 8 5 6 E -0 2  *XA3 

BOX CLEARANCE 3 .1 7  METRES HEEL

Y = 0 . 5 6 1 3 E - 0 1  + 0 .1 9 8 2 E + 0 1 * X  - 0 .  9 2 7 8 E -0 1 * X A2 + 0 . 1 7 3 2 E -0 2 * X A3

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz 

Y = 0 . 7 5 7 1 E + 0 1  - 0 .1 4 7 9 E - 0 1 * X  - 0 .2 3 4 9 E - 0 2 * X A2

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz 

Y = 0 .7 3 8 5 E + 0 1  - 0 .1 6 2 3 E - 0 1 * X  - 0 .2 9 8 8 E - 0 2 * X A2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 2 0 E + 0 0  - 0 . 3 5 3 2 E -0 1 * X  + 0 .1 7 7 7 E -0 2 * X A2 - 0 . 3 0 0 6 E -0 4 * X A3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 1 0 4 E + 0 0  - 0 .2 6 3 4 E - 0 1 * X  + 0 .5 7 2 6 E -0 3 * X A2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 7 9 9 E + 0 1  - 0 . 4 2 8 5 E -0 1 * X  - 0 .4 3 3 8 E - 0 3 * X A2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y*=0. 2 9 7 2 E + 0 1  - 0 . 3 5 8 1 E -0 1 * X  - 0 .7 3 5 2 E - 0 3 * X A2

D ISPL A C E M E N T  3 1 5 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD M ID S H IP S

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y = 0 . 8 4 0 9 E - 0 2  + 0 . 5 2 6 1 E -0 1 * X  - 0 .5 7 1 7 E - 0 2 * X A2 + 0 .1 2 6 8 E -0 3 * X A3 

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y - 0 .2 8 5 9 E - 0 2  + 0 .8 1 6 7 E -0 2 * X  - 0 .2 5 0 8 E - 0 2 * X A2 + 0 . 6 0 4 4 E -0 4 * X A3 

BOX CLEARANCE 4 . 9 1  METRES HEEL
Y-=0. 4 3 9 4 E - 0 1  + 0 .2 4 5 3 E + 0 1 * X  - 0 . 1 1 7 2 E + 0 0 * X A2 + 0 .2 1 5 5 E -0 2 * X A3 

BOX CLEARANCE 3 . 1 7  METRES HEEL
Y - 0 .3 6 8 2 E - 0 1  + 0 .1 7 1 9 E + 0 1 * X  - 0 . 6 9 4 8 E -0 1 * X A2 + 0 . 1 1 9 6 E -0 2 * X A3 

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y = 0 .7 5 5 3 E + 0 1  - 0 . 9 6 0 1 E -0 1 * X  + 0 . 5 0 2 6 E -0 2 * X A2 - 0 . 1 9 2 1 E -0 3 * X A3 

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz
Y = 0 . 7 1 2 5 E + 0 1  + 0 .1 6 3 4 E - 0 1 * X  - 0 ,6 9 1 8 E - 0 2 * X A2 + 0 .8 8 6 8 E -0 4 * X A3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 0 2 0 E + 0 0  - 0 .2 8 9 1 E - 0 1 * X  + 0 .1 4 2 4 E -0 2 * X A2 - 0 . 2 3 6 5 E -0 4 * X A3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 8 2 6 E + 0 0  - 0 .2 3 1 4 E -0 1 * X  + 0 . 4 8 8 5 E -0 3 » X A2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 7 0 2 E + 0 1  - 0 .4 3 5 2 E - Q 1 * X  - 0 . 4 9 2 2 E -0 3 * X A2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y - 0 .2 8 8 9 E + 0 1  - 0 . 3 7 1 8 E -0 1 * X  - 0 .8 2 4 1 E - 0 3 * X A2

2 0 3



D ISPL A C E M E N T 3 8 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD M ID S H IP S

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 . 1 7 5 1 E —01 + 0 .4 3 6 5 E -0 1 * X  + 0 . 3 9 6 9 E - 0 3 ‘ X~2 - 0 . 3 1 1 3 E -0 3 * X ,'3  + 0 . 8 9 2 0 E -0 5 * X " 4  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y = 0 . 1 6 8 8 E -0 2  + 0 . 8 3 5 6 E -0 1 * X  - 0 . 1 3 0 3 E -0 1 * X * 2  + 0 . 6 6 7 9 E - 0 3 ‘ X "3 - 0 . 1 1 6 9 E -0 4 * X " 4  

BOX CLEARANCE 5 .3 8  METRES HEEL

Y = - 0 .2 0 7 6 E - 0 1  + 0 .2 0 9 0 E + 0 1 * X  - 0 .7 0 1 6 E - 0 1 * X A2 +0 . 9 5 2 4 E -0 3 « X ,'3  

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y = 0 . 3 5 8 8 E - 0 1  + 0 .2 1 1 5 E + 0 1 * X  - 0 . 9 9 8 4 E - 0 1 * X '2  + 0 . 1 9 1 1 E -0 2 * X ', 3

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y = 0 . 7 7 2 2 E + 0 1  - 0 . 1 4 6 9 E + 0 0 * X  + 0 .1 1 5 2 E -0 1 * X " 2  

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y = 0 . 6 0 2 2 E + 0 1  + 0 .3 3 6 1 E + 0 0 * X  - 0 .2 5 2 7 E - 0 1 * X ~ 2  + 0 . 4 3 7 4 E -0 3 * X ~ 3

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz 

Y = 0 .7 4 7 7 E + 0 1  - 0 .2 1 3 4 E - 0 1 * X  - 0 .3 4 1 7 E - 0 2 * X ''2

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 2 6 7 9E + 0 0  - 0 . 4 1 6 9 E -0 1 * X  + 0 .2 1 6 7 E -0 2 * X A2 - 0 . 3 7 1 4 E -0 4 * X <S3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 1 0 4 E + 0 0  - 0 . 3 3 8 6 E -0 1 * X  + 0 .1 2 5 1 E - 0 2 * X A2 - 0 . 1 5 7 3 E -0 4 * X A3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 0 3 E + 0 1  - 0 . 5 2 0 0 E -0 1 * X  - 0 . 3 9 0 5 E -0 3 * X * 2

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y = 0 .2 9 6 3 E + 0 1  - 0 . 4 3 0 8 E -0 1 * X  - 0 .7 9 9 0 E - 0 3 * X * 2

DISPLACEMENT 4000.0 TONNES DAMAGE LOCATION STARBOARD MIDSHIPS

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 .2 6 1 2 E - 0 1  + 0 . 6 2 5 4 E -0 1 * X  - 0 .6 0 5 2 E - 0 2 * X ^ 2  + 0 . 1 3 2 8 E -0 3 * X '>3 

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y - 0 .2 7 3 3 E - 0 2  + 0 .5 5 5 7 E -0 1 * X  - 0 .1 1 0 6 E - 0 1 * X A2 + 0 . 6 2 8 0 E -0 3 * X ',3 - 0 .1 1 7 6 E - 0 4 * X ,'4  

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y— 0 .3 9 0 9 E - 0 2  + 0 .2 5 2 9 E + 0 1 * X  - 0 .1 1 3 2 E + 0 0 * X ''2  + 0 . 1 9 7 6 E -0 2 * X /V3 

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y - 0 .2 0 1 5 E - 0 1  + 0 .2 0 3 7 E + 0 1 * X  - 0 . 9 3 5 7 E -0 1 * X ~ 2  + 0 . 1 7 8 2 E -0 2 * X A3

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz 

Y - 0 . 7 4 5 5 E + 0 1  + 0 .1 3 4 3 E -0 2 * X  - 0 *  4 1 8 8 E -0 2 * X ,'2

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz 

Y - 0 .7 3 7 0 E + 0 1  - 0 .5 4 3 2 E - 0 1 * X  - 0 .2 7 8 1 E - 0 2 * X * 2

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 1 6 .6 6 %

Y - 0 .2 0 9 9 E + 0 0  - 0 . 3 9 9 3 E -0 1 * X  + 0 .2 7 3 9 E -0 2 * X ,'2  - 0 . 6 5 8 4 E -0 4 * X " 3  

FOR FLOODING EXTENT GREATER THAN 1 6 .6 6 %

Y -0

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 6 2 E + 0 0  - 0 .2 8 7 4 E - 0 1 * X  + 0 . 1 0 5 5 E -0 2 * X /'2  - 0 . 1 3 2 3 E -0 4 * X <>3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES

Y - 0 .2 6 7 2 E + 0 1  - 0 .5 3 6 3 E - 0 1 * X  - 0 .3 7 9 0 E - 0 3 * X " 2

2 0 4



BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y = 0 .2 8 5 3 E + 0 1  - 0  . 4 7 0 0 E -0 1 * X  - 0 .7 7 2 9 E - 0 3 * X " 2

D ISPL A C E M E N T 4 2 0 0 . 0  TONNES DAMAGE LO CATIO N STARBOARD M ID S H IP S  

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 .2 5 1 1 E - 0 1  + 0 .7 9 3 7 E -0 1 * X  - 0 . 1 2 4 0 E -0 1  *X,'2  + 0 . 5 8 6 6 E -0 3 * X ', 3 - 0 . 9 3 5 5 E -0 5 * X ,'4  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y = 0 . 5 5 3 7 E - 0 2  - 0 . 3 7 2 8 E -0 3 * X  - 0 . 1 3 6 8 E -0 2 * X ~ 2  + 0 .2 7 8 3 E -0 4 * X /'3  

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y - 0 . 5 4 5 4 E - 0 1  + 0 .2 4 4 2 E + 0 1 * X  - 0 . 1 0 7 5 E + 0 0 * X ~ 2  + 0 . 1 8 6 8 E - 0 2 ‘ X ^

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y - 0 .1 9 9 0 E - 0 1  + 0 . 17  64 E + 0 1 * X  - 0 . 7 0 8 5 E - 0 1 ‘ X~2 + 0 .1 3 1 5 E -0 2 * X ~ 3

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz 

Y - 0 .7 2 8 1 E + 0 1  - 0 . 6 4 7 0 E -0 2 * X  - 0 .4 5 2 4 E - 0 2 * X ~ 2

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz 

Y - 0 .7 1 3 6 E + 0 1  - 0 .6 7 8 9 E - 0 1 * X  - 0 .2 7 8 1 E - 0 2 * X - 2

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 1 6 .6 6 %

Y - 0 .1 7 5 5 E + 0 0  - 0 .2 9 0 1 E - 0 1 * X  + 0 . 1 7 0 9 E - 0 2 ‘ X~2 - 0 . 3 6 0 0 E -0 4 * X ~ 3  

FOR FLOODING EXTENT GREATER THAN 1 6 .6 6 %

Y -0

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 3 6 E + 0 0  - 0 .2 1 3 7 E - 0 1 * X  + 0 .4 6 7 4 E -0 3 * X " 2

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 5 5 6 E + 0 1  - 0 .5 6 0 8 E - 0 1 * X  - 0 .3 3 5 3 E - 0 3 * X - '2

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 7 5 0 E + 0 1  - 0 .5 1 9 7 E - 0 1 * X  - 0 . 6 9 5 5 E -0 3 * X ,'2

DISPLACEMENT 4750.0 TONNES DAMAGE LOCATION STARBOARD MIDSHIPS 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y— 0 . 4 4 8 3 E - 0 2  + 0 .7 9 8 2 E - 0 1 * X  - 0 . 6 0 1 2 E -0 2 * X ',2 + 0 .1 1 5 9 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 .7 6 4 2 E - 0 3  + 0 .4 5 9 6 E -0 2 * X  - 0 .1 0 1 0 E - 0 2 * X ~ 2  + 0 .1 9 6 8 E - 0 4 * X ,'3  

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y— 0 . 1 0 9 9 E - 0 1  + 0 .2 0 6 9 E + 0 1 * X  - 0 . 6 5 6 7 E -0 1 * X ,'2  + 0 .8 5 5 4 E -0 3 * X ', 3 

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y - 0 .3 4 2 5 E - 0 1  + 0 .2 1 7 2 E + 0 1 * X  - 0 . 1 0 3 1 E + 0 0 * X * 2  + 0 .1 9 8 7 E - 0 2 * X ,'3  

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y - 0 .7 5 6 9 E + 0 1  + 0 .4 1 7 4 E -0 1 * X  - 0 . 6 1 6 4 E - 0 2 ‘ X/>2 + 0 .1 6 3 2 E -0 4 * X A3 

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y—0 .7 7 0 6 E + 0 1  - 0 .8 1 6 3 E - 0 1 * X  + 0 .1 6 5 2 E -0 4 * X ~ 2  - 0 . 9 2 3 9 E -0 4 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

FOR FLOODING EXTENT LES S THAN OR EQUAL TO 1 6 .6 6 %

Y = 0 . 1 8 0 4 E + 0 0  - 0 .1 7 3 3 E - 0 1 * X  + 0 .3 1 8 3 E -0 4 * X " 2  + 0 .2 1 6 5 E -0 4 * X " 3  

FOR FLOODING EXTENT GREATER THAN 1 6 .6 6 %

Y -0

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 .2 9 7 3 E + 0 0  - 0 .3 5 2 4 E - 0 1 * X  + 0 .1 4 4 1 E - 0 2 * X A2 - 0 .2 0 2 7 E - 0 4 * X ~ 3

2 0 5



BOX CLEARANCE 5 .9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES

Y - 0 .2 5 5 8 E + 0 1  + 0 . 5 4 3 9 E -0 2 * X  - 0 . 4 84 4 E -0 2 * X " 2  + 0 . 9 2 0 9 E - 0 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y = 0 .2 9 7 7 E + 0 1  - 0 .5 6 6 6 E - 0 1 * X  - 0 . 3 1 1 1 E -0 3 * X ''2  - 0 . 1 2 6 4 E - 0 4 *X~3

DISPLACEMENT 5000.0 TONNES DAMAGE LO CATIO N STARBOARD M ID S H IP S  

BOX CLEARANCE 5 .9 4  METRES TRIM

Y - 0 . 6 0 8 4 E - 0 2  + 0 . 7 7 9 4 E -0 1 * X  - 0 .7 0 2 9 E - 0 2 * X ,'2  + 0 . 1 5 3 0 E - 0 3 * X " 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 . 1 3 5 7 E - 0 2  + 0 .1 6 5 9 E -0 2 * X  - 0 .  9 7 4 6 E -0 3 * X " '2  + 0 . 1 6 2 1 E - 0 4 *X " 3 

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y— 0 .9 2 8 2 E - 0 2  + 0 .2 4 8 6 E + 0 1 * X  - 0 . 1 0 6 6 E + 0 0 * X "2  + 0 . 1 8 3 9 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y— 0 .6 5 3 7 E - 0 2  + 0 . 1 9 4 4 E + 0 1 * X  - 0  . 8 2 1 8 E -0 1 * X ,'2  +0 . 1 5 1 7 E - 0 2  *X~3

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz 

Y - 0 .7 5 3 5 E + 0 1  + 0 . 7 8 1 5 E -0 2 * X  - 0 . 5 3 9 3 E - 0 2 * X n 2

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y - 0 .7 4 1 9 E + 0 1  - 0 . 5 9 0 7 E -0 1 * X  - 0 . 4 0 0 0 E -0 2 * X ~ 2  + 0 . 1 0 7 3 E - 0 4 * X " 3

BOX CLEARANCE 5 .9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 1 6 .6 6 %

Y - 0 . 2 1 2 9 E + 0 0  - 0 .3 9 7 6 E - 0 1 * X  + 0 .2 6 0 7 E -0 2 * X " '2  - 0 . 5 9 1 8 E - 0 4 * X ~ 3 

FOR FLOODING EXTENT GREATER THAN 1 6 .6 6 %

Y -0

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 5 9 9 E + 0 0  - 0 .2 9 6 0 E - 0 1 * X  + 0 .1 1 5 0 E -0 2 * X ~ 2  - 0 .1 5 2 6 E - 0 4 * X ''3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 6 8 7 E + 0 1  - 0 . 6 2 5 6 E -0 1 * X  - 0 .2 9 5 0 E - 0 3 * X ~ 2

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 8 4 5 E + 0 1  - 0 .5 7 8 8 E - 0 1 * X  - 0 . 7 3 2 2 E - 0 3 * X ',2 + 0 . 2 2 6  9 E - 0 5 « X ~ 3

D ISPL A C E M E N T  5 2 5 0 . 0  TONNES DAMAGE LO C A T IO N  STARBOARD M ID S H IP S  

BOX CLEARANCE 5 . 9 4  METRES TRIM
Y - 0 .6 0 3 0 E - 0 3  + 0 . 9 9 9 9 E -0 1 * X  - 0 . 1 4 9 6 E -0 1 * X ''2  + 0 . 7 3 2 3 E -0 3 * X ~ 3  - 0 . 1 2 1 8 E -0 4 * X ~ 4

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 . 9 0 2 4 E - 0 1  - 0 . 1 3 3 0 E -0 1 * X  - 0 .2 6 2 6 E - 0 3 * X 'S2

BOX CLEARANCE 5 . 9 4  METRES HEEL
Y - 0 .2 6 3 2 E - 0 1  + 0 .2 5 4 4 E + 0 1 * X  - 0 .  U 5 4 E + 0 0 * X ,'2  + 0 . 2 0 9 4 E - 0 2 * X " 3 

BOX CLEARANCE 3 . 8 8  METRES HEEL
Y - 0 . 5 3 9 6 E - 0 2  + 0 .1 6 4 3 E + 0 1 * X  - 0 . 5 9 4 S E -0 1 * X ~ 2  + 0 . 1 0 5 6 E -0 2 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz 

Y - 0 .7 5 1 8 E + 0 1  - 0 . 4 2 6 3 E -0 1 * X  - 0 .4 3 1 4 E - 0 2 * X ~ 2

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz 

Y—0 .7 0 0 1 E + 0 1  - 0 .  6 9 2 6 E -0 1 * X  - 0 . 3 6 0 1 E -0 2 * X ~ 2

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 1 6 .6 6 %
Y - 0 . 1 8 0 2 E + 0 0  - 0 .  3 1 9 2 E -0 1 * X  +0 . 1 9 7 6 E -0 2 * X '>2 - 0  . 4 2 5 0 E -0 4  *X~3 

FOR FLOODING EXTENT GREATER THAN 1 6 .6 6 %

Y -0

2 0 6



BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0 DEGREES

Y - 0 . 2 4 6 2 E + 0 0  - 0 . 2 1  9 2 E - 0 1  *X + 0 .  4 8 4 3 E - 0 3 * X ,' 2

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 . 2 5 7 0 E + 0 1  - 0 . 7 0 6 4 E - 0 1 * X

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 . 2 7 2 5 E + 0 1  - 0 . 6 5 1 1 E - 0 1 * X  - 0 . 4 7 7 2 E - 0 3 * X ~ 2

D ISPLA CEM EN T 9 5 0 . 0  TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y— 0 . 1 3 0 0 E - 0 1  - 0 .2 4 0 9 E - 0 1 * X  + 0 . 2 0 1 9 E -0 1 * X ~ 2  - 0 . 4 2 3 S £ -0 3 * X ~ 3  

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y— 0 . 1 2 4 9 E - 0 1  - 0 . 6 0 7 3 E -0 1 * X  + 0 . 2 9 0 1 E -0 1 * X ~ 2  - 0 . 7 7 5 7 E -0 3 * X ~ 3 

BOX CLEARANCE 3 . 4 0  METRES HEEL

Y— 0 .6 5 1 7 E - 0 2  - 0 . 6 3 2 7 E -0 1 * X  + 0 . 2 69 6 E - 0 1 ‘ X '2  - 0 . 4 5 0 5 E -0 3 * X ~ 3 

BOX CLEARANCE 2 . 2 1  METRES HEEL

Y— 0 . 1 1 5 5 E - 0 1  - 0 .8 7 7 7 E —01*X  + 0 . 3 6 6 4 E -0 1 * X ~ 2  - 0 . 8 5 1 9E -G 3*X ~3 

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .7 0 9 3 E + 0 1  + 0 .3 4 5 8 E -0 2 * X  - 0 . 1 6 2 9 E -0 2 * X ,'2  + 0 . 2 9 1 9 E -0 3 * X ~ 3 - 0 . 1 5 8 8 E -0 4 * X ~ 4  

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 2 1 7 E + 0 1  + 0 . 1 7 0 0 E -0 1 * X  - 0 . 4 9 3 0 E -0 2 * X " 2  + 0 . 4 5 9 3 E -0 3 * X ~ 3  - 0  . 1 3 9 2 E -0 4 * X ,'4

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .4 4 1 0 E + 0 0  + 0 . 5 6 1 3 E -0 3 * X  - 0 . 2 8 6 9 E -0 3 * X " 2  - 0 . 1 1 1 7 E - 0 4 *X "3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .5 7 9 5 E + 0 0  + 0 .3 0 9 8 E -0 2 * X  - 0 . 7 0 8 2 E -0 3 * X ,'2  + 0 . 962 5 E -0 5 * X " 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 9 4 E + 0 1  - 0 .1 6 0 1 E - 0 2 * X  + 0 .3 2 9 3 E -0 3 * X ', 2 - 0 . 4 42 4 E -0 4 * X " 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .3 1 6 7 E + 0 1  - 0 . 1 1 6 6 E -0 2 * X  + 0 . 1 8 8 9 E -0 3 * X ,'2  - 0 . 3 0 5 9 E -0 4 * X ~ 3

DISPLACEMENT 1000.0 TONNES DAMAGE LOCATION STARBOARD ATT 

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y— 0 . 5 7 0 6 E - 0 2  - 0 .8 9 7 5 E - 0 1 * X  + 0 .  3 3 0 4 E -0 1 * X ,'2  - 0 . 8 3 4 2 E - 0 3 * X " 3  

BOX CLEARANCE 2 . 2 1  METRES TRIM
Y— 0 .1 4 3 3 E - 0 1  - 0 .8 2 7 3 E - 0 1 * X  + 0 .  3 4 1 7 E -0 1 * X ,'2  - 0  . 9 5 9 8 E - 0 3 * X ' , 3 

BOX CLEARANCE 3 . 4 0  METRES HEEL
Y— 0 .1 6 9 7 E - 0 1  - 0 . 1 1 7 5 E + 0 0 * X  + 0 .  4 3 2 8 E -C 1 * X ''2  - 0  . 9 7 1 9 E - 0 3 * X ' 3 

BOX CLEARANCE 2 . 2 1  METRES HEEL
Y— 0 . 4 3 0 8 E - 0 1  - 0 .5 9 4 9 E - 0 1 * X  + 0 . 3 8 8 9 E -0 1 * X ~ 2  - 0 . 9 6 1 8 E - 0 3 ' X ,' 3  

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz
Y - 0 . 6 8 9 0 E + 0 1  + 0 . 57  6 7 E -0 2 * X  - 0 . 6 5 9 0 E -0 3 * X " 2  - 0 . 1 5 6 4 E - 0 4 • X"3 

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz
Y - 0 .7 2 0 5 E + 0 1  + 0 .1 9 8 9 E -0 1 * X  - 0 . 5 6 6 6 E -0 2 * X ~ 2  +0 . 5 1 8 5 E -0 3 * X /'3  - 0  . 1 5 5 4 E -0 4 * X ,'4

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 . 3 5 5 0 E + 0 0  + 0 .2 1 9 3 E -0 2 * X  - 0 . 6 0 0 6 E -0 3 * X ~ 2  + 0 . 6 0 9 9 E -0 5 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 . 5 1 9 8 E + 0 0  + 0 .2 4 3 5 E -0 2 * X  - 0 . 5 8 8 7 E -0 3 * X " 2  + 0 .8 3 2 8 E -0 5 * X " 3
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BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES

Y = 0 . 2  9 0 1 E + 0 1  + 0 . 6 7 1 3 E - 0 4 * X  - 0 . 6 0 4 4 E - 0 4 * X A2 - 0 . 2 2 5 5 E - 0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y = 0 . 3 1 0 5 E + 0 1  - 0 . 3 0 0 5 E - 0 2  *X + 0 . S 0 3 5 E - 0 3 * X A2 - 0 . 3 9 4 1 E - 0 4 ‘ X~3

D ISPL A C E M E N T 1 0 5 0 . 0  TONNES DAMAGE LO CATION STARBOARD AFT

BOX CLEARANCE 3 .4 0  METRES TRIM

Y = - 0 . 7 9 0 4 E -0 2  - 0 . 1 3 4 3 E + 0 0 * X  + 0 . 4 2 1 1 E -0 1 * X A2 - 0 . 1 1 3 1 E -0 2 * X A3 

BOX CLEARANCE 2 . 2 1  METRES TRIM

Y = 0 . 27 8 1 E -0 2  - 0 . 5 5 3 1 E -0 1 * X  + 0 . 2 7 3 1 E -0 1 * X A2 - 0 . 7 4 3 0 E -0 3 * X A3 

BOX CLEARANCE 3 . 4 0  METRES HEEL

Y=—0 . 3 9 1 5E—01 —0 . 1 6 9 0 E + 0 0 * X  + 0 . 5 7 3 0 E -0 1 * X A2 - 0 . 1 4 2 6 E -0 2 * X A3 

BOX CLEARANCE 2 .2 1  METRES HEEL

Y = - 0 .2 1 7 3 E - 0 1  - 0 .3 2 7 3 E - 0 1 * X  + 0 . 3 2 1 1 E -0 1 * X A2 - 0 . 7 2 5 4 E -0 3 * X A3

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz 

Y = 0 .6 7 3 4 E + 0 1  + 0 . 9 7 7 0 E -0 3 * X  + 0 . 8 0 4 9 E -0 4 * X A2

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y = 0 . 7 1 8 8 E + 0 1  + 0 . 1 9 9 7 E -0 1 * X  - 0 . 5 7 5 1 E -0 2 * X A2 + 0 . 5 2 9 9 E -0 3 * X A3 - 0 .1 6 0 6 E - 0 4 * X A4

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 9 2 9 E + 0 0  +0 , 2 8 8 8 E - 0 2 ‘ X - 0 . 7 4 3 6 E -0 3 * X A2 +0 . 1 7 3 5 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 4 8 1 6 E + 0 0  + 0 .2 7 5 7 E - 0 2 'X  - 0 . 5 4 6 8 E - 0 3 *X~2  + 0 . 7 6 1 5 E -0 5 * X A3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 8 2 9 E + 0 1  + 0 . 5 8 0 9 E -0 3 * X  - 0 . 1 0 5 8 E -0 3 * X A2 - 0 . 1 7 3 6 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 . 3 0 6 7 E + 0 1  - 0 . 2 7 0 8 E - 0 2  *X + 0 . 5 9 9 9 E -0 3 * X A2 - 0 . 4 4 3 7 E -0 4 * X A3

DISPLACEMENT 1 9 0 0 . 0  TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 4 . 2  7 METRES TRIM

Y— 0 .3 7 1 7 E - 0 2  - 0 . 1 0 0 9 E + 0 0 * X  + 0 . 3 0 2 5 E -0 1 * X A2 - 0 .6 7 0 1 E - 0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = - 0 .2 8 7 9 E - 0 2  - 0 . 1 0 8 9 E + 0 0 ‘ X + 0 . 3 2 2 4 E -0 1 * X A2 - 0 . 8 0 0 9 E -0 3 * X A3 

BOX CLEARANCE 4 . 2 7  METRES HEEL

Y = - 0 . 22  9 1 E -0 1  - 0 .1 4 7 5 E + 0 0 * X  + 0 . 4 9 3 5 E -0 1 * X A2 - 0 .1 1 1 7 E - 0 2 * X A3 

BOX CLEARANCE 2 . 7 7  METRES HEEL
Y=—0 . 2 0 9 0 E —01 - 0 .1 4 0 2 E + 0 0 * X  + 0 . 4 6 6 6 E -0 1 * X A2 - 0 . 1 0 8 2 E -0 2 * X A3 

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y = 0 . 7 1 6 3 E + 0 1  - 0 . 1 4  3 5 E -0 2 * X  + 0 . 6 5 6 6 E -0 3 * X A2 - 0 . 1 2 5 9 E -0 3 * X A3 

BOX CLEARANCE 2 . 7  7 METRES MAXIMUM Gz

Y = 0 . 7 0 0 2 E + 0 1  - 0 . 4 1 3 7 E -0 1 * X  + 0 . 8 1 1 1 E -0 2 * X A2 - 0 . 3 5 0 8 E -0 3 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .3 2 3 9 E + 0 0  + 0 . 2 6 8 4 E -0 2 * X  - 0 .7 3 7 8 E - 0 3 * X A2 + 0 . 1 3 0 0 E -0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 8 9 6 E + 0 0  + 0 . 3 4 1 0 E -0 2 * X  - 0 . 7 9 6 1 E -0 3 * X A2 + 0 . 1 4 6 9 E -0 4 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 .2 8 1 2 E + 0 1  - 0 . 1 6 7 1 E -0 2 * X  + 0 . 2 4 1 5 E -0 3 * X A2 - 0 . 4 7 5 9 E -0 4 * X A3
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BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y = 0 . 2 9 5 7 E + 0 1  - 0 . 4 1 1 4 E - 0 2 * X  + 0 . 7 3 5 7 E - 0 3 * X A2 - 0  . 6 4 0 7 E - 0 4 * X A3

D ISPLA CEM EN T 2 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD AFT

BOX CLEARANCE 4 .2 7  METRES TRIM

Y = 0 .1 2 0 9 E - 0 1  -0 .1 5 2 7 E + 0 0 * X  + 0 . 3 7 6 9 E -0 1 * X A2 - 0 . 8 7 7 6 E -0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = 0 . 1 0 3 2 E - 0 1  - 0 .1 2 7 1 E + 0 0 * X  + 0 . 3 4 0 0 E -0 1 * X A2 - 0 . 8 5 1 4 E -0 3 « X A3 

BOX CLEARANCE 4 . 2  7 METRES HEEL

Y = 0 . 1 5 2 7 E - 0 1  - 0 . 2 4 6 9E+00*X  + 0 . 6 1 2 7 E -0 1 * X A2 - 0 . 1 4 1 4 E -0 2 * X A3 

BOX CLEARANCE 2 . 7 7  METRES HEEL

Y=—0 . 1 6 8 3 E —02 - 0 . 1 388 E + 0 0 * X  + 0 . 4 3 1 6 E -0 1 * X A2 - 0 . 9 2 2 5 E -0 3 * X A3 

BOX CLEARANCE 4 .2 7  METRES MAXIMUM Gz

Y = 0 . 6 90 7 E + 0 1  - 0 . 3 3 2 3 E -0 1 * X  + 0 . 5 1 5 4 E -0 2 * X A2 - 0 .2 4 3 9 E - 0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y = 0 . 7 0 3 5 E + 0 1  - 0 . 3 2 8 6 E -0 1 * X  + 0 . 6 9 4 4 E -0 2 * X A2 - 0 . 3 3 0 9 E -0 3 * X A3

BOX CLEARANCE 4 .2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2  6 1 1 E + 0 0  + 0 .1 6 7 7 E -0 2  *X - 0 . 5 3 2 0 E -0 3 * X A2 + 0 . 9 3 8 1 E -0 5 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .3 4 4 6 E + 0 0  + 0 . 3 0 3 5 E -0 2 * X  - 0 . 7 1 8 0 E -0 3 * X A2 + 0 . 1 4 0 2 E -0 4 » X A3

BOX CLEARANCE 4 .2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 . 2 7 0 6 E + 0 1  - 0 . 2 4 6 6 E -0 3 * X  + 0 . 3 4 1 9 E -0 5 * X A2 - 0 . 3 4 1 1 E -0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y -= 0 .2 8 8 7 E + 0 1  - 0 .4 1 8 2 E - 0 2 * X  + 0 .7 7 0 7 E -0 3 * X A2 - 0 .6 6 1 2 E - 0 4 * X A3

DISPLACEMENT 2 1 0 0 . 0  TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 4 .2 7  METRES TRIM

Y = 0 . 1 4 3 2 E - 0 1  - 0 . 1 6 1 5 E + 0 0 * X  + 0 . 3 8 8 6 E -0 1 * X A2 - 0 . 9 1 7 0 E -0 3 * X A3 

BOX CLEIARANCE 2 . 7 7  METRES TRIM

Y = 0 . 9 8 7 2 E - 0 2  - 0 . 8 3 9 1 E -0 1 * X  + 0 .2 5 2 2 E -0 1 * X A2 - 0 .5 8 4 3 E - 0 3 * X A3 

BOX CLEARANCE 4 .2 7  METRES HEEL

Y = 0 . 1 8 1 2 E - 0 1  - 0 . 2 3 2  3E + 00*X  + 0 . 5 6 0 9 E -0 1 * X A2 - 0 . 1 2 1 7 E -0 2 * X A3 

BOX CLEARANCE 2 . 7  7 METRES HEEL

Y = - 0 . 4 7 4 7 E - 0 2  - 0 . 6 2 5 3 E -0 1 * X  + 0 . 2 6 0 7 E -0 1 * X A2 - 0 . 3 5 4 8 E -0 3 * X A3 

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y = 0 . 6 7 2 4 E + 0 1  + 0 . 2 3 1 2 E -0 1 * X  - 0 . 6 8 5 2 E -0 2 * X A2 + 0 . 6 9 2 9 E -0 3 * X A3 - 0 .2 1 6 7 E - 0 4 * X A4 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y = 0 . 7 0 4 1 E + 0 1  - 0 .2 4 3 9 E - 0 1 * X  + 0 . 5 5 7 7 E -0 2 * X A2 - 0 . 3 0 2 0 E -0 3 » X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 3 0 0 E + 0 0  + 0 .2 7 7 3 E -0 3 * X  - 0 . 1 6 8 8 E -0 3 * X A2 - 0 . 7 0 7 6 E -0 5 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 2 1 6 E + 0 0  + 0 . 2 5 5 8 E -0 2 * X  - 0 . 5 8 9 6 E -0 3 * X A2 + 0 . 1 0 4 2 E -0 4 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y = 0 .2 6 3 6 E + 0 1  - 0 .2 3 7 7 E - 0 2 * X  + 0 . 4 6 0 1 E -0 3 * X A2 - 0 .5 4 0 6 E - 0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y = 0 .2 8 3 9 E + 0 1  - 0 . 3 8 9 4 E -0 2 * X  + 0 . 7 7 2 1 E -0 3 * X A2 - 0 . 6 8 4 2 E -0 4 * X A3
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DISPLACEMENT 2 8 5 0 . Q TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 4 .9 1  METRES TRIM

Y=—0 .1 1 9 5 E - 0 1  - 0 .9 0 1 1 E - 0 1 * X  + 0 . 3 2 0 8 E -0 1 * X " 2  - 0 . 6 9 4 9 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y = - 0 . 1 1 6 1 E - 0 1  - 0 . 9 2 8 6 E -0 1 * X  + 0 . 3 3 5 2 E -0 1 * X * 2  - 0 . 8 0 9 0 E - 0 3 * X '3  

BOX CLEARANCE 4 . 9 1  METRES HEEL

Y=—0 . 2 9 7 3E —01 - 0 . 1 3 5 2 E + 0 0 * X  + 0 . 4 8 0 4 E -0 1 * X '>2 - 0 . 1 0 3 9 E -0 2 * X ~ 3  

BOX CLEARANCE 3 .1 7  METRES HEEL

Y = - 0 . 2 7 9 7 E—01 - 0 . 1 1 96E + 00*X  + 0 . 4 4 9 2 E - 0 1 * X^ 2  - 0 .1 0 0 3 E - 0 2 * X ,'3  

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y=0 . 74  6 4 E + 0 1  - 0 . 3 8 6 7 E -0 1 * X  + 0 . 8 5 0 7 E -0 2 * X ,'2  - 0 .  3 9 8 1 E -0 3 * X ,'3  

BOX CLEARANCE 3 .1 7  METRES MAXIMUM Gz

Y = 0 .7 6 6 6 E + 0 1  + 0 . 7 0 5 3 E -0 2 * X  + 0 . 1 0 8 8 E -0 2 * X " 2  - 0 .2 0 0 8 E - 0 3 * X 'N3

BOX CLEARANCE 4 .9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 0 7  9 E + 0 0  + 0 .  3 0 2 4 E -0 2 * X  - 0 .8 3 4 9 E - 0 3 * X ,'2  + 0 . 1 6 0 8 E -0 4 * X /'3

BOX CLEARANCE 3 .1 7  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y = 0 . 3 6 6 7 E + 0 0  + 0 . 3 4 1 1 E -0 2 * X  - 0 . 8 6 5 3 E -0 3 * X ~ 2  + 0 .1 6 5 3 E -0 4 * X * 3

BOX CLEARANCE 4 .9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 9 2 2 E + 0 1  - 0 . 3 7 1 7 E -0 2 * X  + 0 . 7 5 5 7 E -0 3 * X ,'2  - 0 . 7 9 6 4 E -0 4 * X " 3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 . 3 0 9 5 E + 0 1  - 0 . 3 6 6 2 E -0 2 * X  + 0 .8 2 6 9 E -0 3 * X '>2 - 0 . 8 4 9 7 E -0 4 * X ~ 3

D ISPL A C E M E N T 3 0 0 0 . 0  TONNES DAMAGE LO CATIO N S T ARBOARD ATT

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y = 0 . 3 4 0 9 E —0 2  - 0 .1 4 8 7 E + 0 0 * X  + 0 .4 1 4 3 E -0 1 * X /'2  - 0 .9 6 6 8 E - 0 3 * X ,'3  

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y = 0 . 3 8 3 2 E - 0 2  - 0 . 1 2 6 5 E + 0 0 * X  + 0 .3 8 4 1 E -0 1 * X * 2  - 0 . 9 5 8 5 E -0 3 * X * 3  

BOX CLEARANCE 4 . 9 1  METRES HEEL

Y:— 0 . 1 4 6 6 E - 0 1  - 0 .2 1 4 2 E + 0 0 * X  + 0 .6 2 5 6 E -0 1 * X /'2  - 0 .1 4 5 4 E - 0 2 * X ,S3

BOX CLEARANCE 3 . 1 7  METRES HEEL

Y = - 0 . 17  9 0 E - 0 1  - 0 .1 2 9 3 E + 0 0 * X  + 0 .4 7 1 5 E - 0 1 * X ,'2  - 0 .1 0 4 5 E - 0 2 * X ,'3  

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y = 0 . 7 5 6 6 E + 0 1  - 0 . 1 9 4 7 E -0 1 * X  + 0 .5 8 4 8 E -0 2 * X " 2  - 0 . 3 4 1 1 E -0 3 * X * 3  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz
Y - 0 .7 3 9 9 E + 0 1  - 0 .1 6 2 8 E - 0 1 * X  + 0 . '3 9 9 0 E -0 2 * X />2 - 0 .2 7 1 3 E - 0 3 * X '>3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 4 2 3 E + 0 0  + 0 .1 6 1 3 E -0 2 * X  - 0 .5 9 1 8 E - 0 3 * X <'2  + 0 .1 1 B 1 E -0 4 * X <'3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 1 2 9 E + 0 0  + 0 .2 8 4 7 E -0 2 * X  - 0 .7 1 8 8 E - 0 3 * X * 2  + 0 .1 3 9 0 E -0 4 * X ~ 3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 . 2 8 0 9 E + 0 1  - 0 .2 6 9 4 E - 0 2 * X  + 0 . 6 3 4 9 E -0 3 * X " '2  - 0 .7 5 3 5 E - 0 4 * X />3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y = 0 .2 9 8 6 E + 0 1  - 0 .3 7 3 9 E - 0 2 * X  + 0 .8 6 5 4 E -0 3 * X * 2  - 0 .8 5 7 9 E - 0 4 * X ~ 3
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D ISPL A C E M E N T 3 1 5 0 . 0 TONNES DAMAGE LOCATIO N STARBOARD AFT

BOX CLEARANCE 4 .9 1  METRES TRIM

Y=0 . 1 3 0 7 E - 0 1  - 0 . 1 8 4 8 E + 0 0 * X  + 0 .4 6 9 9 E -0 1 * X ,'2  - 0 .1 1 3 7 E - 0 2 * X /'3  

BOX CLEARANCE 3 .1 7  METRES TRIM

Y = 0 . 1 4 7 6 E - 0 1  - 0 . 1 1 4 6 E + 0 0 * X  + 0 .3 4 4 8 E -0 1 * X ~ 2  - 0 .8 3 5 7 E - 0 3 * X ''3  

BOX CLEARANCE 4 . 9 1  METRES HEEL

Y = - 0 . 4 3 1 1 E - 0 3  - 0 .2 5 7 7 E + 0 0 * X  + 0 . 6 8 6 2 E -0 1 * X 'N2 - 0 . 1 5 9 7 E -0 2 * X ~ 3  

BOX CLEARANCE 3 .1 7  METRES HEEL

Y = - 0 . 5 1 1 8 E - 0 2  - 0 . 9 8 6 0 E -0 1 * X  + 0 . 3 8 8 0 E -0 1 * X ~ 2  - 0 . 7 3 7 7 E -0 3 * X /'3  

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y = 0 . 7 5 4 7 E + 0 1  + 0 .2 1 2 0 E -0 2 * X  + 0 .2 7 4 0 E -0 2 * X ~ 2  - 0 . 2 6 0 8 E -0 3 * X /'3  

BOX CLEARANCE 3 .1 7  METRES MAXIMUM Gz

Y = 0 . 7 1 2 4 E + 0 1  - 0 .2 9 2 6 E - 0 1 * X  + 0 . 6 8 6 2 E -0 2 * X ''2  - 0 . 3 6 0 4 E -0 3 * X * 3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 0 2 2 E + 0 0  + 0 . 1 1 9 5 E -0 2 * X  - 0 . 4 7 5 0 E -0 3 * X ~ 2  + 0 . 9 7 2 6 E -0 5 * X ''3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 8 3 8 E + 0 0  + 0 .2 2 9 7 E -0 2 * X  - 0 . 5 8 7 9 E -0 3 * X * 2  + 0 .1 0 7 6 E -0 4 * X * 3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 7 1 1 E + 0 1  - 0 .3 7 3 6 E - 0 2 * X  + 0 . 9 6 9 5 E -0 3 * X A2 - 0 . 9 2 0 3 E -0 4 * X /'3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y = 0 . 2 8 9 8 E + 0 1  - 0 .1 6 1 5 E - 0 2 * X  + 0 . 6 4 1 0 E -0 3 * X ~ 2  - 0 . 8 0 6 5 E -0 4 * X ~ 3

DISPLACEMENT 3800.0 TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 . 3 9 5 4 E - 0 1  - 0 .1 8 9 0 E + 0 0 * X  + 0 .4 5 6 4 E -0 1 * X ‘'2  - 0 .1 0 5 6 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y— 0 .3 1 2 3 E - 0 2  - 0 . 1 1 9 9 E + 0 0 * X  + 0 .3 S 9 1 E - 0 1 * X '>2 - 0 .8 3 9 9 E - 0 3 * X /'3  

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y - 0 .2 2 9 6 E - 0 1  - 0 .2 8 7 3 E + 0 0 * X  + 0 .6 7 5 1 E - 0 1 * X ”'2  - 0 .1 4 4 4 E - 0 2 * X ,'3  

BOX CLEARANCE 3 . 4 8  METRES HEEL
Y = - 0 . 12  6 2 E -0 1  - 0 .1 7 1 9 E + 0 0 * X  + 0 .5 0 0 1 E -0 1 * X * 2  - 0 . 1 0 7 5 E -0 2 * X ,'3  

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y = 0 . 7 2 7 7 E + 0 1  - 0 . 1 4 9 0 E -0 1 * X  + 0 . 5 3 1 7 E -0 2 * X ''2  - 0 .3 3 5 1 E - 0 3 * X ,'3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz
Y = 0 .7 4 5 3 E + 0 1  - 0 .1 3 5 5 E - 0 1 * X  + 0 > 5 0 3 4 E -0 2 * X /'2  - 0 .  3 3 1 4 E -0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 1 7 5 1 E + 0 0  + 0 .1 6 9 2 E - 0 2 * X  - 0 . 5 2 1 2 E -0 3 * X ,'2  + 0 . 1 0 9 7 E -0 4 * X * 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 0 9 8 E + 0 0  + 0 . 3 1 4 5 E -0 2 * X  - 0 .8 1 6 6 E - 0 3 * X ,'2  + 0 .1 5 9 9 E -0 4 * X /'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 5 5 7 E + 0 1  - 0 .4 2 0 9 E - 0 2 * X  + 0 .1 1 1 6 E -0 2 * X '>2 - 0 . 1 1 0 4 E -0 3 * X ', 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y = 0 .2 9 7 4 E + 0 1  - 0 .1 6 3 9 E - 0 2 * X  + 0 .5 7 7 9 E -0 3 * X * 2  - 0 .8 4 6 7 E - 0 4 * X /'3



D ISPL A C E M E N T  4 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD AFT

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 . 3 6 4 4 E - 0 1  - 0 .1 7 3 3 E + 0 0 * X  + 0 .4 2 9 1 E -0 1 * X ,'2  - 0 . 9 7 0 7 E -0 3 * X A3 

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y = 0 . 9 6 7 0 E -0 2  - 0 .1 3 9 4 E + 0 0 * X  + 0 . 3 8 6 0 E -0 1 » X " 2  - 0 .  9 2 6 4 E - 0 3 ‘ X'S3 

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y = 0 . 2 3 6 5 E - 0 1  - 0 .2 8 2 6 E + 0 0 * X  + 0 . 6 5 2 3 E -0 1 * X ,'2  - 0 . 1 3 9 5 E -0 2 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y = - 0 . 2 3 6 8 E - 0 2  - 0 . 1 7 0 5 E + 0 0 * X  + 0 . 5 0 I7 E -0 1 * X ^ 2  - 0 . 1 0 4 9 E -0 2 * X " 3  

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y = 0 . 7 4 6 2 E + 0 1  - 0 . 1 5 8 8 E -0 1 * X  + 0 .3 9 5 1 E -0 2 * X A2 - 0 .2 7 8 4 E - 0 3 * X ''3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y=0 . 7 3 9 5 E + 0 1  + 0 . 8 4 8 0 E -0 2 * X  + 0 .1 7 9 4 E - 0 2 * X ',2 - 0  .2 4 8 4 E -0 3 * X ''3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 0 9 8 E + 0 0  + 0 .2 1 0 8 E -0 2 * X  - 0 . 6 5 2 5 E -0 3 * X /'2  + 0 .1 3 8 2 E -0 4 * X ,'3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE G z  CURVE TO 2 0  DEGREES 

Y = 0 . 2 6 6 0 E + 0 0  + 0 .2 4 4 5 E -0 2 * X  - 0 .6 6 2 9 E - 0 3 * X /<2 + 0 .1 3 2 0 E -0 4 * X /'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y = 0 .2 6 7 7 E + 0 1  - 0 .2 2 5 4 E - 0 2 * X  + 0 .6 6 9 3 E - 0 3 * X ,'2  - 0 .8 9 9 6 E - 0 4 * X '>3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 8 5 9 E + 0 1  + 0 . 1 7 3 6 E -0 2 * X  + 0 .1 3 5 3 E - 0 3 * X ',2 - 0 .7 1 5 2 E - 0 4 * X ~ 3

DISPLACEMENT 4200.0 TONNES DAMAGE .LOCATION. STARBOARD— AEI

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 . 3 9 5 4 E - 0 1  - 0 .1 8 9 0 E + 0 0 * X  + 0 .4 5 6 4 E - 0 1 * X ,'2  - 0 .1 0 5 6 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y = 0 . 1 5 7  9 E -0 1  - 0 .1 1 1 8 E + 0 0 * X  + 0 .3 2 5 0 E -0 1 * X A2 - 0 .7 4 0 4 E - 0 3 * X ','3  

BOX CLEARANCE 5 . 3 8  METRES HEEL

Y = 0 .2 2 9 6 E - 0 1  - 0 .2 8 7 3 E + 0 0 * X  + 0 .6 7 5 1 E - 0 1 * X /'2  - 0 . 1 4 4 4 E -0 2 * X * 3  

BOX CLEARANCE 3 . 4 8  METRES HEEL

Y = 0 . 5 9 1 7 E - 0 3  - 0 . 1 0 7 2 E + 0 0 * X  + 0 . 3 8 6 8 E -0 1 * X ,'2  - 0 .6 6 5 7 E - 0 3 * X 'S3 

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y = 0 .7 2 7 7 E + 0 1  - 0 .1 4 9 0 E - 0 1 * X  + 0 .5 3 1 7 E -0 2 * X * 2  - 0 .3 3 5 1 E - 0 3 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz
Y = 0 . 7 1 5 0 E + 0 1  + 0 . 1 4 3 1 E -0 1 * X  + 0 ; 1 7 6 6 E -0 3 * X ~ 2  - 0 .1 9 2 5 E - 0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 1 7 5 1 E + 0 0  + 0 .1 6 9 2 E - 0 2 * X  - 0 . 5 2 1 2 E -0 3 * X " 2  + 0 .1 0 9 7 E -0 4 * X ', 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 4 5 7 E + 0 0  + 0 .2 5 0 7 E - 0 2 * X  - 0 .5 9 6 7 E - 0 3 * X * 2  + 0 .1 1 2 9 E -0 4 * X * 3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 5 5 7 E + 0 1  - 0 . 4 2 0 9 E -0 2 * X  + 0 .1 1 1 6 E -0 2 * X /'2  - 0 .1 1 0 4 E - 0 3 * X * 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y = 0 .2 7 5 1 E + 0 1  + 0 .4 1 0 6 E - 0 2 * X  - 0 .2 3 6 6 E - 0 3 * X /'2  - 0 . 5 9 9 1 E -0 4 * X '“3

2 1 2



D ISPL A C E M E N T 4 7  5 0 . 0  TONNES DAMAGE LOCATION STARBOARD ATT

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y-=0. 4 4 6 0 E - 0 3  - 0 .1 2 9 4 E + 0 0 * X  +0 . 3 6 4 1 E - 0 1  *X~2 - 0 . 7 6 6 7 E - 0 3 * X " 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y = 0 . 1 6 0 2 E - 0 2  - 0 .2 0 1 0 E + 0 0 * X  + 0 . 4 3 4 6 E - 0 1 *X~2 - 0 . 9 8 5 2 E - 0 3 * X " '3  

BOX CLEARANCE 5 . 9 4  METRES HEEL

Y = 0 . 9 9 3 9 E - 0 4  - 0 . 1 9 9 7 E + 0 0 * X  + 0 . 5 2 4 2 E - 0 1 * X ~ 2  - 0 . 1 0 4 1 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y— 0 .3 7 3 4 E - 0 3  - 0 .1 9 9 3 E + 0 0 * X  + 0 . 5 3 0 3 E - 0 1 * X ~ 2  - 0 . 1 1 1 1 E - 0 2 * X ~ 3  

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y = 0 . 7 5 6 7 E + 0 1  + 0 . 3 6 3 2 E -0 1 * X  - 0 .2 1 2 7 E - 0 3 * X ~ 2  - 0  . 1 9 7 5 E - 0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y - 0 .7 7 1 0 E + 0 1  - 0 .2 4 1 1 E - 0 1 * X  + 0 . 7 0 1 5 E - 0 2 * X ' ' 2  - 0 . 37 5 2 E - 0 3 * X ' ' 3  - 0 .  7 6 9 7 E - 0 5 * X " 4

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .1 8 1 0 E + 0 0  + 0 .2 4 3 5 E -0 1 * X  - 0 .2 3 5 9 E - 0 2 * X ~ 2  + 0 . 4 9 0 2 E - 0 4 *X "3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 2 9 6 7 E + 0 0  + 0 . 3 2 3 6 E -0 2 * X  - 0 . 8 4 8 7 E - 0 3 * X ~ 2  + 0 . 1 7 1 0 E - 0 4 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 5 5 8 E + 0 1  + 0 . 6 8 6 2 E -0 1 * X  - 0 . 4 7 9 3 E - 0 2 *X~2 + 0 . 3 4 0 1 E - 0 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y = 0 .2 9 7 8 E + 0 1  - 0 .5 3 5 2 E - 0 2 * X  + 0 . 1 4 5 8 E - 0 2 * X ' ' 2  - 0  . 1 4 1 5 E - 0 3 * X ' 13

D ISPL A C E M E N T 5 0 0 0 . 0  TONNES DAMAGE LOCATIO N STARBOARD AFT 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y - 0 .1 8 7 4 E - 0 1  - 0 . 1 7 8 9 E + 0 0 * X  + 0 . 4 4 0 0 E -0 1 * X ,'2  - 0 .  9 7 7 6 E -0 3 * X '13 

BOX CLEARANCE 3 . 8 8  METRES TRIM
Y - 0 . 8 0 4 8 E - 0 2  - 0 .1 5 4 2 E + 0 0 * X  + 0 .3 8 9 5 E -0 1 * X ''2  - 0 . 8 8 6 8 E -0 3 * X /'3  

BOX CLEARANCE 5 . 9 4  METRES HEEL
Y - 0 .2 1 5 0 E - 0 1  - 0 .2 8 6 1 E + 0 0 * X  + 0 . 6 7 1 5 E -0 1 * X ,'2  - 0 .1 4 4 7 E - 0 2 * X /'3  

BOX CLEARANCE 3 . 8 8  METRES HEEL
Y - 0 .3 5 9 9 E - 0 2  - 0 .1 6 9 7 E + 0 0 * X  + 0 .4 8 1 2 E - 0 1 * X ,'2  - 0 . 9 3 0 7 E -0 3 * X /'3  

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz
Y - 0 .7 5 2 4 E + 0 1  - 0 .1 1 0 3 E - 0 1 * X  + 0 .5 1 2 3 E - 0 2 * X ,'2  - 0 . 3 4 5 5 E -0 3 * X ,'3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y - 0 .7 4 1 8 E + 0 1  - 0 .2 3 2 5 E - 0 1 * X  + 0 .7 0 6 0 E - 0 2 * X ,'2  - 0 . 5 2 1 S E - O S 'X ^

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 2 9 E + 0 0  + 0 .2 0 4 8 E - 0 2 * X  - 0 . 6 5 6 0 E -0 3 * X ,'2  + 0 . 1 3 6 7 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 5 9 6 E + 0 0  + 0 . 2 6 2 3 E -0 2 * X  - 0 .  6 9 1 8 E -0 3 * X /'2  + 0 .1 3 6 6 E - 0 4 * X ',3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

Y - 0 .2 6 8 7 E + 0 1  + 0 .4 4 9 4 E -0 2 * X  - 0 . 4 6 6 9 E -0 3 * X ,'2  - 0 .5 1 8 7 E - 0 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y -= 0 .2 8 4 6 E + 0 1  - 0 .  6 5 5 0 E -0 2 * X  + 0 . 1 7 3 4 E - 0 2 * X ',2 - 0  . 1 5 6 5 E -0 3  *X*3

2 1 3



D ISPL A C E M E N T  5 2 5 0 . 0  TONNES DAMAGE LOCATION STARBOARD AFT

BOX CLEARANCE 5 .9 4  METRES TRIM

Y - 0 .1 6 8 2 E - 0 1  - 0 .1 9 3 6 E + 0 0 * X  + 0 .4 6 6 2 E -0 1 * X ~ 2  - 0 . 1 0 5 6 E - 0 2 * XA3 

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 .1 0 3 1 E + 0 0  —0 . 1 0 0 0 E + 0 0 * X  + 0 . 2 9 9 5 E - 0 1 * X ~ 2  - 0 . 6 3 1 4 E - 0 3 * X ~ 3  

BOX CLEARANCE 5 .9 4  METRES HEEL

Y - 0 .2 1 9 4 E - 0 1  - 0 . 3 0 6 9 E + 0 0 * X  + 0 .7 1 6 6 E -0 1 * X " 2  - 0 .1 5 5 9 E - 0 2 * X " 3  

BOX CLEARANCE 3 . 8 8  METRES HEEL

Y = 0 .4 5 3 9 E - 0 2  - 0 . 1 0 7 7 E + 0 0 * X  + 0 .3 5 4 1 E -0 1 * X ~ 2  - 0 . 4 9 8 8 E - 0 3 * X ~ 3  

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y - 0 .7 5 5 1 E + 0 1  + 0 . 1 8 0 2 E -0 1 * X  + 0 . 7 8 9 6 E -0 3 * X ~ 2  - 0  . 2 3 4 0 E -0 3 * X /'3

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 8 .33%

Y - 0 .6 9 9 1 E + 0 1  - 0 .1 6 6 2 E - 0 2 * X

FOR FLOODING EXTENT GREATER THAN 8 .3 3 %

Y - 0 .6 9 9 1 E + 0 1  + 0 .5 0 5 3 E -0 1 * X  - 0 . 1 9 1 7 E -0 1 * X ~ 2  + 0 . 2 2 8 4 E - 0 2 * X ~ 3  - 0 . 8 8 3 1 E - 0 4 *X"4

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .1 8 0 1 E + 0 0  + 0 . 1 6 0 9 E -0 2 * X  - 0 . 5 3 4 3 E - 0 3 * X ,' 2  + 0 . 1 1 0 8 E - 0 4 * X * 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 4 6 7 E + 0 0  + 0 .2 6 6 7 E -0 2 * X  - 0 . 6 1 4 8 E -0 3 * X ~ 2  + 0 . 1 0 8 9 E - 0 4 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 5 5 4 E + 0 1  + 0 .7 8 8 5 E -0 2 * X  - 0 . 9 6 0 3 E -0 3 * X ''2  - 0 . 3 5 4 6 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 7 2 5 E + 0 1  - 0 .8 3 0 8 E - 0 2 * X  + 0 .2 1 8 3 E -0 2 * X ''2  - 0 . leO B E -O S 'X '-S

D ISPL A C E M E N T 9 5 0 . 0  TONNES DAMAGE LO CATIO N PORT AND STARBOARD A F T 

BOX CLEARANCE 3 . 4 0  METRES TRIM
Y— 0 . 3 5 7 1 E - 0 2  - 0 .8 0 1 1 E - 0 1 * X  + 0 .  4 6 3 0 E -0 1 * X A2 - 0 .1 1 3 2 E - 0 2 * X '>3

BOX CLEARANCE 2 . 2 1  METRES TRIM 

Y— 0 .1 3 6 6 E + 0 0  + 0 .1 8 8 7 E + 0 0 * X  + 0 . 1 0 0 3 E -0 1 * X ~ 2

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz
Y - 0 .7 0 8 6 E + 0 1  + 0 .2 0 4 9 E -0 1 * X  - 0 ,2 4 2 8 E - 0 2 * X " 2  + 0 .2 3 6 4 E - 0 4 * X ,'3  

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz
Y - 0 .7 2 1 7 E + 0 1  - 0 .1 6 7 1 E - 0 2 * X  + 0 . 4 9 4 0 E -0 3 * X ~ 2  - 0 . 3 0 7 5 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .4 4 0 9 E + 0 0  + 0 .2 2 0 4 E -0 2 * X  - 0 . 6 3 1 7 E -0 3 * X ''2  + 0 . 3 7 1 7 E -0 4 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .5 8 0 0 E + 0 0  - 0 .2 2 7 0 E - 0 3 * X  - 0 . 1 3 3 7 E -0 3 * X ''2  + 0 . 2 2 8 8 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 9 4 E + 0 1  + 0 .1 5 3 6 E -0 2 * X  - 0 . 3 4 7 3 E -0 3 * X ,'2  + 0 . 1 8 8 6 E -0 4 * X A3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 .3 1 6 7 E + 0 1  + 0 .1 3 0 9 E - 0 3 * X  - 0 . 1 2 7 0 E -0 3 * X /'2  + 0 .2 0 5 5 E -0 4 * X '" 3

2 1 4



DISPLACEMENT 10Q Q .0  TONNES DAMAGE LO CATIO N PORT AND STARBOARD ATT

BOX CLEARANCE 3 . 4 0  METRES TRIM

Y— 0 .2 7 4 0 E - 0 1  - 0 . 1 2 2 7 E + 0 0 * X  + 0 . 5 8 1 1 E -0 1 * X ~ 2  - 0 . 1 5 4 3 E -C 2 *X"3

BOX CLEARANCE 2 . 2 1  METRES TRIM 

Y— 0 .1 4 2 9 E + 0 0  + 0 .2 1 0 7 E + 0 0 * X  + 0 . 8 1 7 0 E -0 2 * X ~ 2

BOX CLEARANCE 3 . 4 0  METRES HEEL 
Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y=0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .6 8 8 8 E + 0 1  + 0 .1 1 6 2 E -0 1 * X  - 0 .1 5 8 9 E - 0 2 * X ~ 2  + 0 . 1 5 4 6 E -0 4 * X ,'3  

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 .7 2 0 5 E + 0 1  - 0 . 9 6 5 6 E -0 3 * X  + 0 . 3 9 3 4 E -0 3 * X A2 - 0 . 2 8 7 7 E - 0 4 ‘ X ^

BOX CLEARANCE 3 . 4 0  METRES AREA. UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .3 5 5 2 E + 0 0  - 0 . 9 4 7 2 E -0 3 * X  - 0 . 9 5 1 0 E -0 4 * X ~ 2  + 0 .  2 4 1 3 E - 0 4 * X"3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .5 2 0 1 E + 0 0  - 0 .1 3 5 5 E - 0 2 * X  + 0 . 1 1 2 0 E -0 3 * X ~ 2  + 0 . 1 5 6 7 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 0 2 E + 0 1  - 0 .3 0 9 0 E - 0 2 * X  + 0 . 3 7 5 2 E -0 3 * X '~ 2

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .3 1 0 4 E + 0 1  - 0 .2 5 5 5 E - 0 2 * X  + 0 . 4 1 8 7 E -0 3 * X ,'2  + 0 . 1 3 7 6 E -0 5 * X A3

DISPLACEMENT 1050.0 TONNES DAMAGE LOCATION PORT AND STARBOARD AFT

BOX CLEARANCE 3 . 4 0  METRES TRIM 

Y— 0 .1 8 9 6 E + 0 0  + 0 .1 7 5 5 E + 0 0 * X  + 0 .1 5 2 7 E -0 1 * X - '2

BOX CLEARANCE 2 . 2 1  METRES TRIM 

Y— 0 .7 8 0 6 E - 0 1  + 0 .2 0 1 5 E + 0 0 * X  + 0 . 5 6 3 2 E -0 2 * X " 2

BOX CLEARANCE 3 . 4 0  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 2 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 0  METRES MAXIMUM Gz

Y - 0 .6 7 3 5 E + 0 1  + 0 .2 6 7 4 E -0 2 * X  - 0 .  9 4 3 7 E -0 3 * X ,'2  + 0 . 1 4 2 0 E -0 3 * X ,'3  - 0 . 5 5 8 4 E -0 5 * X ~ 4  

BOX CLEARANCE 2 . 2 1  METRES MAXIMUM Gz

Y - 0 . 7 1 8 8 E + 0 1  - 0 .1 7 1 3 E - 0 2 * X  + 0 - .5 3 9 6 E -0 3 * X ~ 2  - 0 . 3 7 2 3 E -0 4 * X ', 3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 2 0 DEGREES 

Y - 0 .2 9 3 0 E + 0 0  + 0 .2 3 9 2 E -0 2 * X  - 0 .  6 9 7 0 E - 0 3 ‘ X/'2  + 0 .  5 4 3 8 E -0 4  ‘ X ^

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .4 8 2 0 E + 0 0  - 0 . 9 2 6 7 E -0 3 * X  + 0 .2 0 9 2 E -0 3 * X " 2  + 0 . 9 5 8 4 E -0 5 * X ,'3

BOX CLEARANCE 3 . 4 0  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .2 8 2 9 E + 0 1  - 0 . 6 7 2 6 E -0 3 * X  + 0 . 1 0 6 7 E -0 3 * X ~ 2  + 0 . 1 2 4 4 E -0 4 * X ~ 3

BOX CLEARANCE 2 . 2 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y - 0 . 3 0 6 7 E + 0 1  - 0 .2 3 5 5 E - 0 2 * X  + 0 . 5 7 5 6 E -0 3 * X ,'2  - 0 . 8 5 6 0 E -0 5 * X ~ 3

2 1 5



D ISPL A C E M E N T 1 9 0 0 . 0  TONNES DAMAGE LOCATIO N PORT AND STARBOARD AFT

BOX CLEARANCE 4 . 2 7  METRES TRIM

Y— 0 .9 7 0 2 E - 0 1  + 0 . 3 3 1 2 E -0 1 * X  + 0 .2 3 1 4 E - 0 1 * X A2

BOX CLEARANCE 2 . 7 7  METRES TRIM 

Y— 0 . 1 1 3 7 E + 0 0  + 0 . 8 3 3 6 E -0 1 * X  + 0 . 1 6 9 5 E -0 1 * X A2

BOX CLEARANCE 4 .2 7  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 .2 7  METRES MAXIMUM Gz

Y - 0 . 7 1 6 8 E + 0 1  - 0 .2 3 4 1 E - 0 1 * X  + 0 .4 4 3 8 E -0 2 * X A2 - 0 .2 7 0 6 E - 0 3 * X A3 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y = 0 . 6 9 9 6 E + 0 1  + 0 .4 2 7  9 E -0 2 * X  - 0 . 1 4 8 8 E -0 2 * X A2 + 0 . 2 1 6 6 E -0 3 * X A3 - 0 . 8 8 4 8 E -0 5 * X A4

BOX CLEARANCE 4 .2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 . 3 2 4 0 E + 0 0  - 0 . 9 6 2 3 E -0 3 * X  + 0 .2 3 2 8 E - 0 3 * X A2 - 0 .3 5 8 0 E - 0 4 * X A3 + 0 . 2 3 9 9 E -0 5 * X A4

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 9 0 0 E + 0 0  + 0 . 7 7 8 4 E -0 3 * X  - 0 . 3 2 8 1 E -0 3 * X A2 + 0 . 3 3 0 9 E -0 4 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 1 2 E + 0 1  + 0 . 9 2 2 1 E -0 4 * X  - 0 .1 8 2 9 E - 0 3 * X A2 + 0 . 1 6 0 2 E -0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .5 0 %

Y - 0 .2  9 5 6 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .5 0 %

Y - 0 .2  9 5 7 E + 0 1  - 0 .2 7 7 1 E - 0 2 * X  + 0 . 4 5 0 1 E -0 3 * X A2 - 0 . 9 0 3 7 E -0 S * X A3

DISPLACEMENT 2000.0 TONNES DAMAGE LOCATION PORT AND STARBOARD ATT

BOX CLEARANCE 4 . 2 7  METRES TRIM 

Y— 0 .7 7 6 0 E - 0 1  + 0 .2 1 0 6 E -0 2 * X  + 0 .2 5 9 2 E - 0 1 * X A2

BOX CLEARANCE 2 . 7 7  METRES TRIM 

Y— 0 .7 8 5 4 E - 0 1  + 0 .7 3 5 4 E -0 1 * X  + 0 . 1 5 7 9 E -0 1 * X A2

BOX CLEARANCE 4 .2 7  METRES HEEL 

Y -0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y=0

BOX CLEARANCE 4 . 2 7  METRES MAXIMUM Gz

Y = 0 . 6 8 9 9 E + 0 1  + 0 .8 3 4 1 E -0 2 * X  - 0 :2 3 7 6 E - 0 2 * X A2 + 0 . 6 8 5 5 E -0 4 * X A3 

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz
Y - 0 .7 0 3 2 E + 0 1  + 0 . 9 5 8 2 E -0 2 * X  - 0 .3 6 5 9 E - 0 2 * X A2 + 0 . 4 8 2 2 E -0 3 * X A3 - 0 .1 9 4 5 E - 0 4 * X A4

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 1 0 E + 0 0  + 0 .1 4 5 4 E -0 2 * X  - 0 .5 1 3 8 E - 0 3 * X A2 + 0 . 4 6 9 9 E -0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 4 5 0 E + 0 0  + 0 .5 0 6 5 E - 0 3 * X  - 0 .2 6 5 4 E - 0 3 * X A2 + 0 .3 3 3 2 E -0 4 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 7 0 6 E + 0 1  - 0 .8 0 7 0 E - 0 3 * X  + 0 .2 3 3 8 E - 0 4 * X A2 + 0 .1 3 6 0 E -0 4 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 8 8 7 E + 0 1  - 0 . 3 2 0 0 E -0 3 * X
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FOR FLOODING EXTENT GREATER THAN 6 .2  5%

Y = 0 . 2 8 8 7 E + 0 1  - 0 .4 0 3 3 E - 0 2 * X  + 0 . 7 1 3 2 E -0 3 * X /'2  - 0 . 2 0 0 6 E -0 4 * X " 3

D ISPL A C E M E N T  2 1 0 0 . 0  TONNES DAMAGE LO CA T IO N  PORT AND STARBOARD AFT 

BOX CLEARANCE 4 .2 7  METRES TRIM

Y = 0 . 8 6 6 4 E - 0 2  - 0 .2 9 1 4 E + 0 0 * X  + 0 . 7 7 1 2 E -0 1 * X " 2  - 0 .2 1 5 5 E -0 2 * X " 3  

BOX CLEARANCE 2 . 7 7  METRES TRIM

Y = - 0 . 3 4 6 5 E - 0 3  - 0 . 9 6 3 1 E -0 1 * X  + 0 .4 3 3 5 E -0 1 * X " 2  - 0  . 1 2 7 6 E -0 2 * X " 3

BOX CLEARANCE 4 .2 7  METRES HEEL 

Y=0

BOX CLEARANCE 2 . 7 7  METRES HEEL 

Y=0

BOX CLEARANCE 4 .2 7  METRES MAXIMUM Gz

Y = 0 . 6 7 2 4 E + 0 1  + 0 .2 9 6 7 E -0 3 * X  - 0 .2 2 7 1 E - 0 3 * X " 2  + 0 .  9 4 9 7 E -0 4 * X /'3  - 0 . 4 6 9 9 E -0 5 * X /'4  

BOX CLEARANCE 2 . 7 7  METRES MAXIMUM Gz

Y = 0 . 7 0 4 3 E + 0 1  + 0 . 1 4 9 3 E -0 1 * X  - 0 .7 4 1 4 E - 0 2 * X A2 + 0 . 9 9 3 7 E -0 3 * X A3 - 0 . 3 9 5 3 E -0 4 * X A4

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 3 0 0 E + 0 0  + 0 . 4 2 1 2 E -0 3 * X  - 0 .1 9 6 4 E - 0 3 * X A2 + 0 . 3 1 8 7 E -0 4 » X ''3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 2 2 0 E + 0 0  + 0 .1 0 5 7 E -0 2 * X  + 0 .1 4 2 7 E -0 3 * X A2 + 0 . 1 5 7 7 E -0 4 * X A3

BOX CLEARANCE 4 . 2 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 6 3 6 E + 0 1  - 0 .1 5 2 6 E - 0 2 * X  + 0 .2 3 2 3 E -0 3 * X A2 + 0 . 4 7 2 2 E -0 5 * X A3

BOX CLEARANCE 2 . 7 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .5 0 %

Y - 0 .2 8 3 8 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .5 0 %

Y - 0 .2 8 3 9 E + 0 1  - 0 .4 6 1 5 E - 0 2 * X  + 0 . 7 8 1 3 E -0 3 * X A2 - 0 . 9 4 1 5 E -0 5 * X A3 - 0 .  9 0 0 9 E -0 6 * X A4

DISPLACEMENT 2850.0 TONNES DAMAGE LOCATION PORT AND STARBOARD ATT

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y = - 0 .2 4 0 2 E - 0 1  - 0 . 1 6 9 9 E + 0 0 * X  + 0 . 6 3 6 7 E -0 1 * X A2 - 0 .1 5 0 8 E - 0 2 * X A3 

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y— 0 .3 8 1 7 E - 0 1  - 0 . 9 8 4 3 E -0 1 * X  + 0 .5 4 1 0 E - 0 1 * X A2 - 0 .1 3 5 6 E - 0 2 * X A3

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 1 7  METRES HEEL 

Y=0

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz
Y - 0 .7 4 6 4 E + 0 1  - 0 .3 5 6 6 E - 0 1 * X  + 0 . 7 8 4 2 E -0 2 * X A2 - 0 . 3 6 3 8 E -0 3 * X /'3  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz
Y = 0 .7 6 6 7 E + 0 1  + 0 . 6 4 8 1 E -0 2 * X  + 0 .1 0 1 0 E -0 2 * X A2 - 0 .1 8 6 2 E - 0 3 * X A3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 0 8 0 E + 0 0  + 0 . 1 6 4 5 E -0 2 * X  - 0 . 6 3 6 0 E -0 3 * X A2 + 0 .4 9 9 6 E -0 4 * X A3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 . 3 6 7 0 E + 0 0  + 0 . 1 4 7 1 E -0 2 * X  - 0 .5 5 7 6 E - 0 3 * X A2 + 0 . 4 7 4 6 E -0 4 * X A3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES

Y - 0 .2 9 2 1 E + 0 1  - 0 .7 7 3 0 E - 0 3 * X  + 0 .1 3 1 1 E -0 3 * X A2
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BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES

Y - 0 . 3 0 9 5 E + 0 1  - 0 . 1 5 1 0 E -0 3 * X  + 0 . 5 1 0 9 E -0 4 * X ~ 2

D ISPL A CEM EN T 3 0 0 0 . 0  TONNES DAMAGE LO CA T IO N  PORT AND STARBOARD ATT 

BOX CLEARANCE 4 . 9 1  METRES TRIM

Y— 0 .1 9 4 6 E - 0 1  - 0 .2 4 3 9 E + 0 0 * X  + 0 .7 7 2 2 E - 0 1 * X ,'2  - 0 .1 9 3 6 E - 0 2 * X ''3  

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y— 0 .2 8 9 4 E - 0 1  - 0 . 7 7 1 0 E -0 1 * X  + 0 .4 9 7 1 E -0 1 * X " 2  - 0 . 1 2 1 9 E -0 2 * X ~ 3

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 1 7  METRES HEEL 

Y=0

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz

Y - 0 . 7 5 6 7 E + 0 1  - 0 . 1 8 5 1 E -0 1 * X  + 0 .5 5 1 6 E - 0 2 * X ,'2  - 0 . 3 1 8 3 E -0 3 * X " 3  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz

Y - 0 .7 3 9 9 E + 0 1  - 0 .1 4 6 9 E - 0 1 * X  + 0 . 3 6 8 3 E -0 2 * X ~ 2  - 0 . 2 5 6 1 E -0 3 * X /'3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y = 0 .2 4 2 1 E + 0 0  + 0 .9 6 4 7 E -0 3 » X  - 0 . 4 8 9 2 E -0 3 * X ~ 2  + 0 . 5 0 0 9 E - 0 4 *X~3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 . 3 1 3 0 E + 0 0  - 0 . 4 8 8 4 E -0 2 * X  + 0 . 6 6 4 1 E -0 3 * X ~ 2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 0 8 E + 0 1  - 0 .5 9 8 8 E - 0 3 * X  + 0 . 1 7 9 9 E -0 3 * X ~ 2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 9 8 6 E + 0 1  + 0 . 6 5 1 3 E -0 3 * X  + 0 .3 9 4 6 E - 0 4 ‘ X,'2

DISPLACEMENT 3150.0 TONNES DAMAGE LOCATION PORT AND STARBOARD AFT

BOX CLEARANCE 4 . 9 1  METRES TRIM 

Y— 0 .1 1 2 9 E + 0 0  + 0 . 4 8 1 2 E -0 1 * X  + 0 .2 7 3 8 E - 0 1 * X ',2

BOX CLEARANCE 3 . 1 7  METRES TRIM

Y— 0 . 1 6 9 4 E - 0 1  - 0 .1 4 1 7 E - 0 1 * X  + 0 .3 6 2 2 E - 0 1 * X ,'2  - 0 .  7 8 8 6 E -0 3 * X /'3

BOX CLEARANCE 4 . 9 1  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 1 7  METRES HEEL 

Y -0

BOX CLEARANCE 4 . 9 1  METRES MAXIMUM Gz
Y - 0 .7 5 5 5 E + 0 1  + 0 .1 8 4 9 E -0 1 * X  - 0 .7 3 0 2 E - 0 2 * X " 2  -t0 . 1 0 6 3 E -0 2 * X ,S3 - 0 .  4 7 1 5 E -0 4 * X ,'4  

BOX CLEARANCE 3 . 1 7  METRES MAXIMUM Gz
Y - 0 .7 1 2 5 E + 0 1  - 0 . 3 1 1 7 E -0 1 * X  + 0 . 7 1 1 5 E -0 2 * X ,'2  - 0 . 3 6 5 7 E -0 3 * X ,'3

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y - 0 .2 0 2 0 E + 0 0  + 0 .2 6 1 6 E -0 3 * X  - 0 .2 5 4 1 E - 0 3 * X '>2 + 0 . 4 1 0 9 E -0 4 * X '>3

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 8 4 0 E + 0 0  - 0 .4 0 7 3 E - 0 2 * X  + 0 . 6 5 2 5 E -0 3 * X ,'2

BOX CLEARANCE 4 . 9 1  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y—0 .2 7 1 0 E + 0 1  + 0 . 8 6 0 2 E -0 3 * X  + 0 .1 1 4 8 E - 0 3 * X ',2

BOX CLEARANCE 3 . 1 7  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES

Y - 0 .2 8 9 8 E + 0 1  + 0 .2 4 9 4 E -0 2 * X  - 0 .1 0 2 4 E - 0 3 * X ~ 2
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DISPLACEMENT 38Q Q .0  .TONNES DAMAGE LOCATIO N PORT AND STARBOARD AFT

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y— 0 . 4 2 7 1 E - 0 2  - 0 . 1 9 4 5 E + 0 0 * X  + 0 . 6 5 1 7 E -0 1 * X ~ 2  - 0 .1 4 8 4 E - 0 2 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y— 0 .2 6 5 9 E - 0 1  - 0 . 1 5 8 2 E + 0 0 * X  + 0 .  6 0 2 1 E -0 1 * X /'2  - 0 . 1 4 6 1 E -0 2 * X " 3

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y=0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y=0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y = 0 . 7 7 1 8 E + 0 1  + 0 .1 0 8 6 E -0 2 * X  + 0 . 1 5 6 4 E -0 2 * X ', 2 - 0 .2 0 9 3 E - 0 3 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y - 0 .7 4 5 5 E + 0 1  - 0 . 1 6 8 7 E -0 1 * X  + 0 .  5 4 7 9 E -0 2 * X /'2  - 0 . 3 4 1 0 E -0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 8 9 E + 0 0  - 0 .3 2 1 9 E - 0 2 * X  + 0 .2 5 8 2 E -0 3 * X /'2  + 0 . 1 3 4 3 E -0 4 * X ~ 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .3 1 1 0 E + 0 0  - 0 .4 4 6 9 E - 0 2 * X  + 0 . S 4 5 8 E -0 3 * X /'2  + 0 . 3 5 9 7 E -0 5 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 8 1 3 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .2 8 1 3 E + 0 1  - 0 . 1 9 3 2 E -0 2 * X  + 0 . 4 4 4 6 E -0 3 * X ,'2  - 0 .2 1 6 6 E - 0 4 * X A3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 9 7 5 E + 0 1

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .2 9 7 5 E + 0 1  - 0 .5 9 8 8 E - 0 2 * X  + 0 .1 2 8 0 E -0 2 * X /'2  - 0 .  5 7 3 8 E -0 4 * X /'3

D ISPL A C E M E N T 4 0 0 0 . 0  TONNES DAMAGE LO CATIO N PORT AND STARBOARD AFT 

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y - 0 .1 6 3 5 E - 0 1  - 0 .2 6 2 S E + 0 0 * X  + 0 .7 6 2 6 E - 0 1 * X ,'2  - 0 . 1 8 2 1 E -0 2 * X /'3  

BOX CLEARANCE 3 . 4 8  METRES TRIM
Y— 0 . 1 1 5 8 E - 0 1  - 0 . 1 3 1 6 E + 0 0 * X  + 0 .5 4 4 0 E -0 1 * X ~ 2  ~ 0 .1 2 7 2 E - 0 2 * X ’'3

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz
Y - 0 .7 4 6 5 E + 0 1  - 0 .2 7 7 9 E - 0 1 * X  + 0 .5 1 9 4 E -0 2 * X ~ 2  - 0 . 3 0 4 8 E -0 3 * X <'3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz
Y—0 . 7 3 9 7 E + 0 1  + 0 .3 5 6 0 E -0 2 * X  + 0 .2 5 2 0 E - 0 2 * X ,'2  - 0 .2 6 9 1 E - 0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 1 1 E + 0 0  - 0 .4 5 1 3 E - 0 2 * X  + 0 .5 6 8 0 E -0 3 * X ~ 2  + 0 . 4 8 3 1 E -0 5 * X ~ 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 7 0 E + 0 0  - 0 .5 1 6 3 E - 0 2 * X  + 0 . 7 4 9 2 E -0 3 * X ,'2  - 0 .2 9 8 0 E - 0 5 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y - 0 .2 6 7 7 E + 0 1  + 0 .3 2 0 0 E -0 3 * X
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FOR FLOODING EXTENT GREATER THAN 6 .2  5%

Y - 0 .2 6 7 7 E + 0 1  - 0 . 1 7 4 0 E -0 2 * X  + 0 . 4 4 9 6 E -0 3 * X ~ 2  - 0 . 1 9 2 0 E -0 4 * X ''3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y = 0 . 2 8 6 0 E + 0 1  + 0 . 6 4 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .25%

Y = 0 . 2 8 6 0 E + 0 1  - 0 . 6 8 9 1 E -0 2 * X  + 0 .1 6 6 4 E - 0 2 * X ,'2  - 0 . 7 8 6 8 E -0 4 * X " 3

DISPLACEMENT-4200.0 TONNES DAMAGE LO CA TIO N  PORT AND STARBOARD AFT 

BOX CLEARANCE 5 . 3 8  METRES TRIM

Y = 0 . 1 4 5 9 E - 0 1  - 0 .2 3 1 1 E + 0 0 * X  + 0 .7 2 9 3 E -0 1 * X ~ 2  - 0 . 1 7 3 7 E -0 2 * X ~ 3  

BOX CLEARANCE 3 . 4 8  METRES TRIM

Y— 0 . 5 9 0 5 E - 0 2  - 0 . 4 8 4 9 E -0 1 * X  + 0 . 3 8 4 3 E -0 1 * X ~ 2  - 0 . 7 7 2 8 E - 0 3 ‘ X/'3

BOX CLEARANCE 5 . 3 8  METRES HEEL 

Y=0

BOX CLEARANCE 3 . 4 8  METRES HEEL 

Y=0

BOX CLEARANCE 5 . 3 8  METRES MAXIMUM Gz

Y -0  . 7 2 7 7 E + 0 1  - 0 .1 4 4 7 E - 0 1 * X  +0 . 5 4 3 9 E - 0 2 ‘ X"'2 - 0 . 3 4 1 2 E -0 3 * X /'3  

BOX CLEARANCE 3 . 4 8  METRES MAXIMUM Gz

Y = 0 . 7 1 5 2 E + 0 1  + 0 . 6 3 3 4 E -0 2 * X  + 0 .1 4 0 3 E -0 2 * X " 2  - 0 .2 3 0 9 E - 0 3 * X ,'3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES 

Y = 0 .1 7 6 0 E + 0 0  - 0 .4 5 9 8 E - 0 2 * X  + 0 .7 1 0 7 E - 0 3 * X >'2  - 0 .4 2 0 4 E - 0 6 * X ,'3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 4 6 6 E + 0 0  - 0 .4 3 1 8 E - 0 2 * X  + 0 .7 5 0 0 E - 0 3 * X /'2  - 0 . 5 3 1 6 E -0 5 * X ~ 3

BOX CLEARANCE 5 . 3 8  METRES AREA UNDER THE Gz CURVE TO 4 5  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 5 5 7 E + 0 1  + 0 . 6 4 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .2 5 5 7 E + 0 1  - 0 .4 0 1 6 E - 0 2 * X  + 0 .1 0 2 1 E - 0 2 * X <'2  - 0 . 4 4 2 4 E -0 4 * X " 3

BOX CLEARANCE 3 . 4 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .2 5 %

Y - 0 .2 7 5 3 E + 0 1  + 0 . 8 0 0 0 E -0 3 * X

FOR FLOODING EXTENT GREATER THAN 6 .2 5 %

Y - 0 .2 7 5 3 E + 0 1  - 0 . 6 6 3 6 E -0 2 * X  + 0 .1 7 2 0 E - 0 2 * X ,'2  - 0 .8 5 9 9 E - 0 4 * X /'3

DISPLACEMENT 4750.0 TONNES DAMAGE LOCATION PORT AND STARBOARD AFT 

BOX CLEARANCE 5 . 9 4  METRES TRIM
Y— 0 .1 8 0 0 E - 0 1  - 0 .2 1 7 1 E + 0 0 * X  + 0 .6 8 3 4 E - 0 I * X /'2  - 0 . 1 5 2 0 E -0 2 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM
Y— 0 . 1 5 9 9 E - 0 1  - 0 .2 6 2 5 E + 0 0 * X  + 0 .7 1 1 3 E - 0 1 * X ,'2  - 0 . 1 6 6 9 E -0 2 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz
Y - 0 .7 5 6 8 E + 0 1  + 0 .3 2 7 5 E -0 1 * X  + 0 ,2 8 8 5 E -0 3 * X 'S2 - 0 . 2 0 8 4 E - 0 3 ‘ X '>3 

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y - 0 .7 7 0 1 E + 0 1  + 0 .1 8 3 2 E -0 1 * X  + 0 . 2 0 5 6 E -0 3 * X ~ 2  - 0 . 2 2 6 3 E - 0 3 ‘ X~3
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BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 20  DEGREES

Y - 0 . 1 8 2 1 E + 0 0  + 0 .1 7 4 9 E -0 1 * X  - 0 .1 1 4 9 E - 0 2 * X " '2  + 0 . 4 2 2 7 E - 0 4 * X n 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 9 7 8 E + 0 0  - 0 . 4 4 1 7 E -0 2 * X  + 0 . 5 6 2 2 E -0 3 * X ~ 2  + 0 .2 5 9 0 E -0 5 * X ~ 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y - 0 .2 5 5 6 E + 0 1  + 0 .1 1 7 2 E + 0 0 * X  - 0 . 1 7 8 5 E -0 1 * X A'2  + 0 . 1 1 7 5 E -0 2 * X ~ 3  - 0 . 2 8 2 6 E -0 4 * X " 4

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 9 7 8 E + 0 1  - 0 .1 0 0 7 E - 0 2 * X  + 0 . 4 1 2 9 E -0 3 * X ~ 2  - 0 . 2 7 2 1 E - 0 4 *X*3

D ISPL A C E M E N T 5 0 0 0 . 0  TONNES DAMAGE LO CATIO N PORT AND STARBOARD AFT 

BOX CLEARANCE 5 .9 4  METRES TRIM

Y = 0 .2 1 6 0 E - 0 2  - 0 .2 8 4 9 E + 0 0 * X  + 0 . 7 9 4 7 E -0 1 * X * 2  - 0 . 1 8 5 6 E - 0 2 ‘ X ^

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y— 0 . 3 8 8 9 E - 0 2  - 0 . 1 7 2 0 E + 0 0 * X  + 0 . 5 8 1 6 E -0 1 * X ,N2 - 0 . 1 2 9 5 E - 0 2 * X '3

BOX CLEARANCE 5 . 9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz

Y - 0 .7 5 2 6 E + 0 1  - 0 . 1 7 8 7 E -0 1 * X  + 0 . 6 1 4 6 E -0 2 * X ~ 2  - 0 . 3 7 5 7 E -0 3 * X /'3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz

Y - 0 .7 4 1 2 E + 0 1  + 0 .1 4 7 0 E -0 1 * X  - 0 .8 5 5 6 E - 0 4 * X ~ 2  - 0 . 2 0 9 8 E -0 3 * X ,'3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 1 3 9 E + 0 0  - 0 . 5 0 1 7 E -0 2 * X  + 0 . 6 3 4 1 E -0 3 * X <'2  + 0 .2 8 9 7 E -0 5 * X " 3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES 

Y - 0 .2 6 0 9 E + 0 0  - 0 .6 3 4 0 E - 0 2 * X  + 0 .  9 8 1 3 E -0 3 * X ''2  - 0 .1 1 2 4 E - 0 4 * X 'N3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

Y - 0 .2 6 8 9 E + 0 1  + 0 .1 8 4 8 E -0 2 * X  - 0 .7 6 2 9 E - 0 3 * X ~ 2  + 0 . 1 1 1 1 E -0 3 * X <'3  - 0 . 4 4 9 8 E -0 5 * X ~ 4

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45  DEGREES 

Y - 0 .2 8 4 6 E + 0 1  + 0 .7 4 6 2 E -0 3 * X  - 0 . 6 9 1 1 E -0 3 * X ''2  + 0 .1 5 7 0 E -0 3 * X ~ 3  - 0 . 8 5 2 0 E -0 5 « X " 4

DISPLACEMENT 5250.Q TONNES DAMAGE LOCATION PORT AND STARBOARD ATT 

BOX CLEARANCE 5 . 9 4  METRES TRIM

Y - 0 . 8 9 9 4 E - 0 2  - 0 .3 0 9 4 E + 0 0 * X  + 0 . 8 3 0 9 E -0 1 * X A2 - 0 .1 9 6 1 E - 0 2 * X " 3  

BOX CLEARANCE 3 . 8 8  METRES TRIM

Y - 0 . 8 9 9 4 E - 0 1  - 0 .5 4 5 6 E - 0 1 * X  + 0 . 3 7 3 1 E -0 1 * X ~ 2  - 0 . 6 5 9 6 E -0 3 * X ,'3

BOX CLEARANCE 5 . 9 4  METRES HEEL 

Y -0

BOX CLEARANCE 3 . 8 8  METRES HEEL 

Y -0

BOX CLEARANCE 5 . 9 4  METRES MAXIMUM Gz
Y - 0 . 7 5 5 4 E + 0 1  + 0 . 1 0 8 5 E -0 1 * X  + 0 .1 9 0 8 E -0 2 * X A2 - 0 .2 7 0 1 E -0 3 * X ~ 3  

BOX CLEARANCE 3 . 8 8  METRES MAXIMUM Gz
Y - 0 . 6 9 8 0 E + 0 1  + 0 .2 0 0 7 E -0 2 * X  + 0 .2 3 5 8 E -0 2 * X ,'2  - 0 .2 7 9 7 E - 0 3 * X " 3

BOX CLEARANCE 5 . 9 4  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y - 0 . 1 8 1 1 E + 0 0  - 0 .5 2 6 2 E - 0 2 * X  + 0 .7 7 1 1 E -0 3 * X 'N2 - 0 . 2 0 7 5 E -0 5 * X ~ 3

2 2 1



BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 2 0  DEGREES

Y = 0 .2 4 7 9 E + 0 0  - 0 . 5 5 7 6 E -0 2 * X  + 0 . 9 9 4 7 E -0 3 * X A2 - 0 . 14 5 6 E - 0 4 ‘ XA3

BOX CLEARANCE 5 .9 4  METRES AREA UNDER THE Gz CURVE TO 4 5 DEGREES 

FOR FLOODING EXTENT LESS THAN OR EQUAL TO 6 .25%

Y = 0 .2 5 5 6 E + 0 1  - 0 .1 4 0 1 E - 0 2 » X  + 0 .3 4 1 0 E -0 3 * X A2 

FOR ELOODING EXTENT GREATER THAN 6 .25%

Y = 0 .2 5 5 6 E + 0 1  - 0 .4 5 0 8 E - 0 2 * X  + 0 .1 2 1 4 E -0 2 * X A2 - 0 . 6 0 0 6 E -0 4 * X A3

BOX CLEARANCE 3 . 8 8  METRES AREA UNDER THE Gz CURVE TO 45 DEGREES 

Y = 0 .2 7 2 5 E + 0 1  - 0 .2 0 9 0 E - 0 2 * X  + 0 .5 4 7 2 E -0 4 * X A2 + 0 . 1 1 1 7 E -0 3 * X A3 - 0 . 8 0 9 6 E -0 5 * X A4

2 2 2



A p p en d ix  B E xam p les  of  S W A T H M A N  O utput  Data Files

223



VESSEL LENGTH IN METRES 3 7 . 0 0 0

HULL LENGTH IN METRES 3 2 . 0 0 0

STRUT LENGTH IN METRES 3 2 . 0 0 0

HULL CENTRELINE SPACING IN METRES 1 0 . 0 0 0

LOAD DRAUGHT IN METRES 2 . 7 0 0

MAX HULL DIAMETER IN METRES 1 . 8 5 0

MAX STRUT WIDTH IN METRES 1 . 0 0 0

LOAD DISPLACEMENT IN TONNES 1 8 0 .

WATER DENSITY IN T ON N E S / M * * 31 . 0 2 5

MASS MOMENT OF I NERTI A OF VESSEL ABOUT LCG IN METRES **4 1 1 9 2 7 .

P O SI T I ON  OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 0 . 0 0 0 0

EFFECTIVE BLOCK COEFF FOR THIS  VESSEL = 0 . 6 4

VALUE OF RUDDER AREA SELECTED I S  1 . 1 2 0 M * * 2  

DISTANCE RUDDERS AFT AMMIDSHIPS 1 8 . 5 0 0

RUDDER HEIGHT IN METRES 1 . 8 5 0

GEOMETRIC ASPECT RATIO OF RUDDER(S) 3 . 0 5 6

TAYLOR WAKE FRACTION 0 . 1 8 5

FLOW ACCELERATION DUE TO PROP 1 . 8 0 0

FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0 . 7 5 0  

BASIC L I F T  CURVE SLOPE C OEF FIC IENT 1 . 3 0 1  

MIRROR IMAGING FACTOR 1 . 0 0 0

MODIFIED L I F T  CURVE SLOPE C OEF FIC IENT 1 . 3 0 1  

VELOCITY RATIO C OEF FIC IENT 1 . 8 6 4  

CLARKES PROPULSIVE COEFFIC IENT 2 . 4 2 5

RUDDER DERIVATIVES ARE 

YD_ = 0 . 0 0 1 9 8 4 0 5

ND_ = - 0 . 0 0 0 9 9 2 0 3

CLARKES METHOD SELECTED 

MANOEUVRING DERIVATIVES

YV_ = - 0 . 0 2 0 2 6 9  

YR_ = 0 . 0 0 7 7 3 9

NV_ = - 0 . 0 1 0 9 9 7  

NR_ = - 0 . 0 0 4 3 1 0  

Y_V_ = - 0 . 0 1 7  694 

Y_R_ = - 0 . 0 0 0 5 3 5  

N_V_ = - 0 . 0 0 0 4 5 0  

N_R_  = - 0 . 0 0 1 2 4 3  

K_= - 0 . 4 3 5 7 8 1

T_ =  0 . 7 7  4 3 6 0

NORBINS P NO = 0 . 2 8 1

DESIGN STABLE

RUDDER AREA = 1 . 1 2 0  M**2 NORBINS P NO = . 2 8 1

ARE THESE VALUES SATISFACTORY ?

Y

2 2 4



1

2

3
4
5
6

7

8
9

10

11
12

13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

(DEG)

PROGRAM

RADIUS OF TURN (M) 
4207 . 304 
2103.652 
1402 .435 
1051. 826 
841 . 461 
701.217 
601.043 
525.913
467.478 
420 . 730
382.482 
350.609 
323 . 639 
300.522 
280.487 
262.957 
247 . 488 
233.739 
221.437 
210.365 
200.348 
191.241 
182.926 
175.304 
168.292
161.819 
155.826 
150.261 
145.079 
140.243 
135.719
131.478 
127.494 
123.744 
120.209

STOP

2 2 5



S  . S  . P  . K A I M A L I N O

VESSEL LENGTH IN METRES 26.410
HULL LENGTH IN METRES 24.380
STRUT LENGTH IN METRES 14.170
HULL CENTRELINE SPACING IN METRES 12.190
LOAD DRAUGHT IN METRES 4 . 660
MAX HULL DIAMETER IN METRES 1.970
MAX STRUT WIDTH IN METRES 1.000
LOAD DISPLACEMENT IN TONNES 193.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LCG IN METRES **4 6515.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 1.6600

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0.71

VALUE OF RUDDER AREA SELECTED IS 3.890M**2

RUDDER HEIGHT IN METRES 4.420 
GEOMETRIC ASPECT RATIO OF RUDDER(S) 5.022
TAYLOR WAKE FRACTION 0.185 
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.4 00 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.4 61 
CLARKES PROPULSIVE COEFFICIENT 1.901

RUDDER DERIVATIVES ARE 
YD_ = 0.01059965
ND_ = -0.00529982

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.112722 
YR_ = 0.037752
NV_ = -0.088736 
NR_ = -0.022774 
Y_V_ = -0.099728 
Y_R_ = -0.004 831 
N_V_ = -0.00 6330 
N_R_ = -0.006239 
K_= -0.374836
T_= 0.317976

NORBINS P NO = 0.589

RUDDER ANGLE (DEG)
1 

2
3
4
5
6

RADIUS OF TURN (M) 
3858.172 
1929.086 
1286.057 
964.543 
771.634 
643.029

2 2 6



7 551.167
8 482.271
9 428.686

10 385 . 817
11 350 . 743
12 321.514
13 296.782
14 275 . 584
15 257.211
16 241.136
17 226.951
18 214 . 343
19 203.062
20 192.909
21 183 . 722
22 175.371
23 167 . 747
24 160.757
25 154.327
26 148.391
27 142.895
28 137.792
29 133.040
30 128.606
31 124.457
32 120.568
33 116.914
34 113.476
35 110.233
ITERATION NO - 1

VALUE OF RUDDER AREA SELECTED IS 3.696M**2

RUDDER HEIGHT IN METRES 4.420 
GEOMETRIC ASPECT RATIO OF RUDDER(S) 5.2 87
TAYLOR WAKE FRACTION 0.185 
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.4 00 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.4 61 
CLARKES PROPULSIVE COEFFICIENT 1.901

RUDDER DERIVATIVES ARE 
YD_ = 0.01006967
ND_ = -0.00503483

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.112563 
YR_ = 0.037673
NV_ = -0.088815 
NR_ = -0.022735 
Y_V_ = -0.099728 
Y R = -0.004831

2 2 7



N_V_ = -0.006330 
N_R_ = -0.006239 
K_= -0.357295
T = 0.318881

NORBINS P NO = 0.560

RUDDER ANGLE (DEG) RADIUS OF TURN (M)
1 4047.864
2 2023.932
3 1349.288
4 1011.966
5 809.573
6 674.644
7 578.266
8 505.983
9 449.763

10 404.786
11 367 . 988
12 337 .322
13 311. 374
14 289.133
15 269.858
16 252 . 991
17 238.110
18 224 .881
19 213.045
20 202.393
21 192.755
22 183.994
23 175.994
24 168.661
25 161.915
26 155.687
27 149.921
28 144.567
29 139.582
30 134.929
31 130.576
32 126.496
33 122.663
34 119.055
35 115.653
VMS 3 $

2 2 8



t t . V . H A L C Y O N

VESSEL LENGTH IN METRES 18.290
HULL LENGTH IN METRES 16.130
STRUT LENGTH IN METRES 16.780
HULL CENTRELINE SPACING IN METRES 7.470
LOAD DRAUGHT IN METRES 2.130
MAX HULL DIAMETER IN METRES 1.524
MAX STRUT WIDTH IN METRES 0.750
LOAD DISPLACEMENT IN TONNES 50.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LOG IN METRES **4 810.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 0.0000

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0 . 5 4

VALUE OF RUDDER AREA SELECTED IS 0.840M**2

RUDDER HEIGHT IN METRES 1.200 
GEOMETRIC ASPECT RATIO OF RUDDER(S) 1.714
TAYLOR WAKE FRACTION 0.185 
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.7 50 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.864 
CLARKES PROPULSIVE COEFFICIENT 2.425

RUDDER DERIVATIVES ARE 
YD_ = 0.00608962
ND_ = -0.00304481

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.051030 
YR_ = 0.016845
NV_ = -0.032299 
NR_ = -0.010309 
Y_V_ = -0.043737 
Y_R_ = -0.002307 
N_V_ = -0.002 655 
N_R_ = -0.002 658 
K_= -0.634173
T_= 0.731586

NORBINS P NO = 0.4 33

RUDDER ANGLE (DEG) RADIUS OF TURN (M)
1 1457.300
2
3
4
5

728.650 
485.767 
364.325 
291.460

2 2 9



6 242 . 883
7 208 . 186
8 182.163
9 161.922

10 145.730
11 132 .482
12 121.442
13 112 . 100
14 104 . 093
15 97 .153
16 91.081
17 85 . 724
18 80.961
19 76.700
20 72.865
21 69.395
22 66.241
23 63.361
24 60.721
25 58.292
26 56.050
27 53.974
28 52.046
29 50.252
30 48.577
31 47 .010
32 45.541
33 44.161
34 42.862
35 41.637

DESIGN STABLE

RUDDER AREA = 0.840 M**2 NORBINS

ARE THESE VALUES SATISFACTORY ? 
Y

END OF 
VMS 3 $

RUN - PROGRAM STOP

.433

2 3 0



S . 3 . C ,  M A R IN E  A C E

VESSEL LENGTH IN METRES 12.340
HULL LENGTH IN METRES 10.4 70
STRUT LENGTH IN METRES 7.310
HULL CENTRELINE SPACING IN METRES 5.300
LOAD DRAUGHT IN METRES 1.550
MAX HULL DIAMETER IN METRES 1.240
MAX STRUT WIDTH IN METRES 0.570
LOAD DISPLACEMENT IN TONNES 18.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LCG IN METRES **4 136.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 0 . 0 0 0 0

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0.52

VALUE OF RUDDER AREA SELECTED IS 0.34 0M**2

RUDDER HEIGHT IN METRES 1.240 
GEOMETRIC ASPECT RATIO OF RUDDER(S) 4.522
TAYLOR WAKE FRACTION 0.185 
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.750 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.864 
CLARKES PROPULSIVE COEFFICIENT 2.425

RUDDER DERIVATIVES ARE 
YD_ = 0 . 0 0 5 4 1 4 8 6
ND_ = - 0 . 0 0 2 7 0 7 4 3

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = - 0 . 0 5 9 3 7 7  
YR_ = 0 . 0 1 7 8 1 0
NV_ = - 0 . 0 3 8 9 1 3  
NR_ = - 0 . 0 1 1 5 5 5  
Y_V_ = - 0 . 0 5 0 2 8 8  
Y_R_ = - 0 . 0 0 3 2 3 2  
N_V_ = - 0 . 0 0 3 8 5 3  
N_R_ = - 0 . 0 0 2  833  
K_= - 0 . 5 8 4 3 9 5
T_= 0 . 8 4 4 8 1 8

NORBINS P NO = 0.34 6

DESIGN STABLE

RUDDER AREA = 0 . 3 4  0 M**2 NORBINS P NO = .34 6

ARE THESE VALUES SATISFACTORY ?

Y

2 3 1



RUDDER ANGLE (DEG) 
1 

2

3
4
5
6

7

8  

9
10
11

12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35

RADI 

1 0 2 6  . 

5 1 3  . 

3 42  . 

2 5 6 .  

2 0 5  . 

1 71  . 

1 4 6 .  

1 2 8  . 

114 . 

102  . 

93 . 

85 . 

78  . 

1 3 . 
68 . 

64 . 

60 . 

57 . 

54 . 

51 . 

48 . 

4 6 .  

44 . 

42 . 

41 . 

3 9 .  

38  . 

3 6 .  
3 5 .  

34 . 

3 3 .  

32 . 

31 . 

3 0 .  

2 9  .

US Or TURN (M) 
509 
254 
170 
627 
302 
085 
644 
314 
057 
651 
319 
542 
962 
322 
434 
157 
383 
028 
027 
325 
881 
659 
631 
771 
060 
481 
019 
661 
397 
217 
113 
078 
106 
191 
329

END OF RUN - PROGRAM STOP 
VMS 3 $

2 3 2



S . S . C .  O H T O R I

VESSEL LENGTH IN METRES 27.000
HULL LENGTH IN METRES 24.000
STRUT LENGTH IN METRES 24.000
HULL CENTRELINE SPACING IN METRES 8.000
LOAD DRAUGHT IN METRES 3.4 00
MAX HULL DIAMETER IN METRES 2.300
MAX STRUT WIDTH IN METRES 0.600
LOAD DISPLACEMENT IN TONNES 2 39.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LCG IN METRES **4 8433.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 0.0000

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0 . 8 2

VALUE OF RUDDER AREA SELECTED IS 1.380M**2

RUDDER HEIGHT IN METRES 2.300 
GEOMETRIC ASPECT RATIO OF RUDDER(S) 3.833
TAYLOR WAKE FRACTION 0.185 
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.750 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.864 
CLARKES PROPULSIVE COEFFICIENT 2.425

RUDDER DERIVATIVES ARE 
YD_ = 0.00459082
ND_ = -0.00229541

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.062200 
YR_ = 0.018957
NV_ = -0.039276 
NR_ = -0.011736 
Y_V_ = -0.05237 6 
Y_R_ = -0.0027 68 
N_V_ = -0.003286 
N_R_ = -0.003217 
K_= -0.593880
T_= 1.324413

NORBINS P NO = 0.22 4

DESIGN STABLE

RUDDER AREA = 1.380 M**2 NORBINS P NO = .224

ARE THESE VALUES SATISFACTORY ?

Y

2 3 3



1

2

3
4
5
6

7
8

9
10
11

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

(DEG)

PROGRAM

RADIUS OF TURN (M) 

2315.448 
1157 . 724 
771 .816 
578 . 862 
463.090
385.908 
330. 778 
289.431 
257 .272 
231 . 545 
210 . 495 
192 . 95 4 
178.111 
165 . 389
154.363 
144.716 
136.203
128.636 
1 2 1 . 8 6 6  

115 .772 
110 .259 
105.248 
100. 672 
96.477 
92.618 
89.056 
85.757 
82.695 
79.843 
77.182 
74.692 
72.358 
70.165 
6 8 . 101  

66.156

STOP

2 3 4



S . S . C .  S E A G U L L

VESSEL LENGTH IN METRES 35.900
HULL LENGTH IN METRES 31.500
STRUT LENGTH IN METRES 32.14 0
HULL CENTRELINE SPACING IN METRES 13.500
LOAD DRAUGHT IN METRES 3.150
MAX HULL DIAMETER IN METRES 2.950
MAX STRUT WIDTH IN METRES 1.250
LOAD DISPLACEMENT IN TONNES 34 3.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LCG IN METRES **4 21396.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 0.0000

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0.5 9

VALUE OF RUDDER AREA SELECTED IS 1.260M**2

RUDDER HEIGHT IN METRES 2.000
GEOMETRIC ASPECT RATIO OF RUDDER(S) 3.175
TAYLOR WAKE FRACTION 0.185
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.750 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.864 
CLARKES PROPULSIVE COEFFICIENT 2.425

RUDDER DERIVATIVES ARE 
YD_ = 0.00237094
ND_ = -0.00118547

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.030271 
YR_ = 0.009889
NV_ = -0.016831 
NR_ = -0.005995 
Y_V_ = -0.025503 
Y_R_ = -0.0012 62 
N_V_ = -0.001258 
N_R_ = -0.001587 
K_= -0.725619
T_= 2.033995

NORBINS P NO = 0.178

DESIGN STABLE

RUDDER AREA = 1.260 M**2 NORBINS P NO = .17 8

ARE THESE VALUES SATISFACTORY ?

Y

2 3 5



1

2

3
4
5
6

7

8

9
10

11

12
13
14
15
16
17
18
19
2 0

21
22

23
24
25
26
27
28
29
30
31
32
33
34
35

(DEG)

PROGRAM

RADIUS Or TURN (M) 
2487.281 
1243.640 
82 9.093 
621 . 820 
497 .456 
414.547 
355 . 326
310.910
276.364 
248 . 728 
226.116 
207.273 
191 . 329 
177.663
165.819 
155.455 
146.311 
138 . 182
130.910
124.364 
118.442 
113.058 
108.143 
103.637
99.491 
95.665 
92.121 
88.831 
85.768 
82.909 
80.235 
77 . 728 
75.372
73.155 
71.065

STOP

2 3 6



S . S , .C. S E A G U L L  -  L C G  E 2 . 0  M  F W P  A M M I D S H IP S

VESSEL LENGTH IN METRES 35.900
HULL LENGTH IN METRES 31.500
STRUT LENGTH IN METRES 32.140
HULL CENTRELINE SPACING IN METRES 13.500
LOAD DRAUGHT IN METRES 3.150
MAX HULL DIAMETER IN METRES 2.950
MAX STRUT WIDTH IN METRES 1.250
LOAD DISPLACEMENT IN TONNES 34 3.
WATER DENSITY IN TONNES/M**31.025
MASS MOMENT OF INERTIA OF VESSEL ABOUT LCG IN METRES **4 21396.
POSITION OF VESSELS CENTRE OF GRAVITY IN METRES FORWARD OF AMMIDSHIPS 2.0000

EFFECTIVE BLOCK COEFF FOR THIS VESSEL = 0.59

VALUE OF RUDDER AREA SELECTED IS 1.2 60M**2

RUDDER HEIGHT IN METRES 2.950
GEOMETRIC ASPECT RATIO OF RUDDER(S) 6.907
TAYLOR WAKE FRACTION 0.185
FLOW ACCELERATION DUE TO PROP 1.800
FRACTION OF RUDDER SUBJECT TO ACCELERATED FLOW 0.750 
BASIC LIFT CURVE SLOPE COEFFICIENT 1.301 
MIRROR IMAGING FACTOR 1.000
MODIFIED LIFT CURVE SLOPE COEFFICIENT 1.301 
VELOCITY RATIO COEFFICIENT 1.864 
CLARKES PROPULSIVE COEFFICIENT 2.425

RUDDER DERIVATIVES ARE 
YD_ = 0.00237094
ND_ = -0.00118547

CLARKES METHOD SELECTED 
MANOEUVRING DERIVATIVES

YV_ = -0.030271 
YR_ = 0.009889
NV_ = -0.016831 
NR_ = -0.005995 
Y_V_ = -0.025503 
Y_R_ = -0.0012 62 
N_V_ = -0.001258 
N_R_ = -0.001587 
K_= -0.725619
T_= 1.639184

NORBINS P NO = 0.221

DESIGN STABLE

RUDDER AREA = 1.260 M**2 NORBINS P NO = .221

ARE T H E S E  V A L U E S  S A T I S F A C T O R Y  ?

Y

2 3 7



1

2

3
4
5
6

7

8

9
10

11

12

13
14
15
16
17
18
19
2 0

21
22

23
24
25
26
27
28
29
30
31
32
33
34
35

( DEG)

PROGRAM

R A D I U S  OF  TURN (M) 

3068.169 
1534.085 
1022 .723 
767.042 
613.634 
511.362 
438.310 
383.521
340.908 
306.817 
278.924 
255.681 
236.013
219.155 
204.545 
191.761 
180.481 
170.454
161.483 
153.408 
146.103 
139.462 
133.399 
127 . 840 
122 . 727 
118.007
113.636 
109.577 
105.799 
102.272 
98.973 
95.880 
92.975 
90.240 
87.662

S T O P

2 3 8



A p p en d ix  C Predic tion of  Extrem e Value Load ing
Using Short Term Spectral  Analysis

It is clearly desirable to predict the likely maximum value o f loading to which a 
vessel may be subject during its lifetime. This extreme value must be determined by 
considering all sea condition, ship speed and heading combinations which may be 
encountered during that lifetime, together with the frequency o f occurrence o f each of 
these combinations.
N.B. Here sea condition is defined in terms o f sea severity and spectral shape

Consideration o f the foregoing implies that extreme value predictions may only be 
made utilizing a long term prediction method such as that described in section 5.3.3. 
H ow ever it has been discovered that predictions o f  extreme values by short term 
methods agree well with those evaluated using long term techniques.

The short term evaluation procedure is greatly sim plified  over long term 
approaches. Since numerical comparison o f  both techniques indicate that short term 
prediction in severe seas is much to be preferred, a short term approach was therefore 
adopted for this study.

Response amplitude operators obtained both experimentally and theoretically were 
com bined with the 2 parameter Pierson M oskowitz sea spectra to obtain loading  
response spectra. Short term extreme value predictions were then made from these 
loading spectra.

The Pierson M oskowitz spectral density function is defined:-

c o

(Eqn C l)

Where:-
a  = 0.0081

p = 0.74

U =  Wind Speed ms 1 (a) 19.5m above free surface

g =  9.81 ms 2

2 3 9



The response spectrum for the vessel operating in the sea condition defined by the 
above spectrum is then

RS = S(co) * (R A O )2

(Eqn C2)

Where

RAO = Response Amplitude Operator = (Response /  Wave Amplitude)

Assum ing this spectrum to be defined by a Rayleigh distribution and applying 
probability theory gives the "most probable extreme" value in N waves to be

Max Value = ^ / ( 2 m  Q In N )

(Eqn C3)

Statistically the probability o f exceeding this value is 1 — e 1 (=0.632), where N is 
large. This equates to a 63% probability o f  exceedence. For design purposes a more 
conservative criterion is obviously required.

For this purpose we define the "design extreme value" as the value that w ill be 
exceeded in N occurrences with the probability o f only one percent.

Design Extreme Value =  ^ / [ 2 m 0 l n ( N / a ) ]

(Eqn C4)

Where
m 0 = Area under the distribution function

a  =  A risk parameter -

0.01 gives a 99% Survival Rate

_  3600T* ^ 3600T* f n ±
Tz 2 k  \  m 0
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Tz = Upcross wave period Rad /  sec

T = Duration o f storm conditions hours

m2 = Second moment o f spectrum

For a response spectrum derived using the Pierson Moskowitz sea spectrum the ratio o f  
second moment to area may be assumed:-

Tables C1-C5 illustrate the application o f the technique in spreadsheet form. Short term 
extreme values are calculated for the T-AGOS 19 and the M .V. Patria using RAO  
values derived both experimentally and analytically.

N.B. The Pierson M oskowitz spectrum is applicable to a fully developed North Atlantic 
Sea State. The severe design condition resulting from short term analysis may therefore 
be taken as conservative.

Precise evaluation o f maximum lifetim e loading values by this m ethod is not 
possible since the fully developed sea condition defined by the above spectrum exists 
only for relatively short periods o f  time. Similarly the effects o f  weather and service 
routing are not properly taken into consideration by the above method. Values produced 
by the above analysis may however be considered adequate for design purposes.

60

Fig Cl. Pierson Moskowitz Sea Spectra

o

Wind Velocity >25.7 m/tec

0.0 0 .5 1.0 1.5

W ave Frequency (Rad/Sec)
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Appendix D Llovds and DnV Service Restrictions

Lloyd' s  Regi s ter  Provi s ional  Rules  for High Sneed Cat amarans

Craft built and classed in accordance with the rules w ill be assigned an operational 
envelope. This w ill be based on the design speeds, waveheights and displacements 
dependent on the criteria used to determine the loadings.

Lloyd's Service Group factors are given in Table D l.

These describe the service for which the craft has been approved and constructed. They 
will affect the scantlings o f the craft, through the loads applied to it, and the equipment 
carried onboard.

The value o f Significant W ave Height Hw used in the determination o f accelerations 
and loads is, in general not to be less than K min for the appropriate group, and need 
not be taken as greater than K max for that group.

The service group notations are based on operation o f the craft within its operational 
envelope in reasonable weather. Where conditions deteriorate beyond these limits the 
vessel is to be operated at reduced speed and is to seek shelter.

Reasonable weather is defined as winds less than Force 6, together with:-
1. Sea states within the operational envelope which result in green water being 

taken on board infrequently or not at all.
2. M otions which do not impair the efficient operation o f  the craft and do not

significantly reduce passenger comfort or safety or impose any undue loads on 
vehicles carried.

Service Group 1 Covers craft intended for service in sheltered waters adjacent to 
sandbanks, reefs, breakwaters,or other coastal features and in sim ilarly sheltered 
waters between islands where the range to refuge is in general 5 nautical m iles or less.
The geographical limits of the intended service are to be specified.

Service Group 2 Covers craft intended for service in waters where the range to refuge 
is 20  nm or less. This group usually covers craft intended for service in coastal 
waters.The geographical limits o f the intended service are to be specified.

Service Group 3 Covers craft intended for service in waters where the range to refuge 
is 150 nm or less. The geographical limits o f the intended service are to be specified.

Service Group 4 Covers craft intended for unrestricted sea-going service.
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D nV  Rules  for Classi f icat ion o f  High Sneed Light Craft  1985

Craft built and classed in accordance with these rules are assigned a service restriction, 
in terms of the maximum distance at which they may operate in nautical miles from the 
nearest harbour or safe anchorage. The maximum service restriction notation is R280 
nm.

The service restriction notation affects

1. Design pressure on the vessels sides above the waterline, superstructures and 
deckhouses, windows and deadlights.

2 . Design hull girder loads for catamarans.
3 . Anchoring and mooring equipment.

Further service restrictions are placed on the craft in terms of allowable speed /  wave 
height or limits on vertical acceleration of the vessel. Such restrictions are stated in the 
'Appendix to the Classification Certificate'.

Table D 2 Relates Service Restriction to Load Factor.

D nV  R u les for C lassification  o f  High Sneed  Light  C raft 1991

The service restriction definitions in the 1991 version o f the rules are essentially similar 
to the 1985 version.

It is interesting to note that the 1991 rules include more precise definitions o f  these 
operability lim its than the previous (1985) rules. This presumably reflects a greater 
awareness on the part o f DnV o f the increasing range o f applications and "rough water" 
roles now envisaged for catamarans and SWATH's.

Table D3 Defines the Service Restriction applicable and,
Table D 4  Relates Service Restriction to Load Factor.
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Appendix E An Approximation for Still Water
Transverse Bending Moment

Idealising the structure as shown in Fig E l and assuming that the weight o f the box 
i.e. cross deck structure is approximately 40% o f the total displacement. The weight o f  
the hull and struts is therefore approximately 60% of the total displacement

W2

W1

FIG E l. Forces acting on a SWATH in Still Water

For Equilibrium:-

(Eqn E l)

For M .V. Patria displacement is 180 Tonnes, and x=5m , the Still Water or Dead Load 

Transverse Bending Moment is therefore 90 Tm.
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Appendix F Bending Moment Prediction using DnV'85 Rules

The follow ing analysis is intended to illustrate the sensitivity o f cross deck bending 
moment to service restrictions and vertical acceleration. It demonstrates that by careful 
selection o f these parameters reasonable values o f bending moment may be obtained 
using the 1985 formula, even though this formula was ostensibly developed for planing 
vessels.

The 1985 DnV rules state that,

Unless other values are justified by calculations according to accepted theories, model 
tests or full scale measurements, the vertical acceleration may be taken as

av =  Vertical Acceleration ms 2 

k v =  Longitudinal Distribution Factor (see Fig D l)  

g 0 =  Std Acceleration Gravity = 9.81m s-2 

H g =  Design Significant wave Height in metres

V  and L are the crafts speed in knots and length in metres respectively

For the M .V . Patria operating at 30 knots in 4m significant w ave heights, the 
acceleration at amidships according to the above formula is

av =  40.98m s-2

N .B . For the M .V. Patria operating at 30 knots in 4m significant w ave heights 
corresponds to the limiting condition stated in the vessels classification certificate.
See Appendix D for details o f Service Restrictions.

a
1

1 + 0.04L

(Eqn F I)

Where
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Applying the 1985 formula for transverse bending moment,
i.e. the 1991 formula given for planing craft:-

Mt kNm
s

Where :-

v Design Vertical Acceleration in m/s**2
b Transverse Separation of Hull Longitudinal Centrelines in m
s Factor 4-8 Depending on Service Restriction (see Appendix D)
q Factor 3-6 Depending on Service Restriction (see Appendix D)

A Fully Loaded Displacement in tonnes

Gives Transverse Bending Moment = 1003 Tm 
for the M .V. Patria operating on a 43 nm crossing.
(i.e. s=7.5 from Table D2)

This value com pares surprisingly favourably with estim ates derived by more 
sophisticated form ulae, and from those form ulae derived specifica lly  for fast 
displacem ent and SW ATH vessels. It should however be noted that the agreement 
observed here is perhaps merely coincidental. Selection o f s=4.0, (corresponding to the 
maximum 1985 limit o f 280nm range from a safe haven), results in a moment value o f  
1880 Tm which is clearly over pessimistic.

It is perhaps more realistic to assume the vertical acceleration to be given by the 1991 

rules formula:-

ms -2

Where :-

Cw =  W ave Coefficient for HS Displacement Craft 

=  0.08L  for unrestricted service

k =  9 Aft o f  0 .2L from FP 

=  15Fwd o f 0 .2L  from FP

2 5 0



Applying this formula to Patria gives 

Substituting this in to:-

M t

Gives Transverse Bending Moment = 706 Tm for Patria operating up to 280 nm from 
port.

a= 15.4 m /s**2.

Aacgb
kNm

0,8

0,6

0,2

0,8L F P

Fig FI

0,2LA P
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Appendix G. Simplified Direct Evaluation of Side Force

The wave forces acting on a SWATH vessel may be approximately evaluated using 
the following method. The hulls and struts are considered separately to determine the 
forces acting on each. These forces are then combined directly. Interference effects are 
assumed negligible and are neglected from this simplified analysis.

FT = FP+ F a

Where
Fp = Froude Krylov Force (dynamic water pressure force)

=  P V a ,

Fa =  Diffraction Force (water particle acceleration force)

=  ^ avm a x

p =  Water Density Tonne /  m 3 

V = Volume Displacement m 3 

M avm =  Added Virtual Mass Tonnes

y=o

a x = 0 . 5 H „  co2 J e ^ d y
y = -d

In order to simplify the problem the hulls are idealised as uniform circular cylinders 
with diameter equal to the maximum hull diameter.

Therefore for the hulls:-

FT = 2 p (0 .5 H w )c o V k'io
rcD-

For 'standard' struts o f  elliptical cross section:-

F p = p f ~ z ~ )  ° ' ^ H * 0)2 J e " dy
y = —d

=p( T ) a5H' T ( l - e "ki,)
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Where

H w = Significant W ave Height m 

co =  W ave Frequency Rad /  Sec 

L h =  Hull Length m

Ls =  Strut Length m

D = Hull Diameter m 

t =  Strut Thickness m 

d0 =  Hull Centreline Submergance m 

dt =  Depth Strut Submerged m 

k =  W ave No =  co2 /  g

These formulae allow calculation o f side force experienced by a vessel subject to 
regular waves with a specified significant wave height. The mechanics o f the process 
are ideally suited to computer based spreadsheet packages. Tables G1 and G2 illustrate
the spreadsheet calculation o f wave induced side load on the T-AGOS 19 and the M.V.
Patria.

To determine the maximum value o f loading likely to be experienced by the vessel 
in a storm, recourse must be made to short term spectral analysis techniques.
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^ S K a s s s R l f S K S S g S a S S s s f c g s s s ! ’

j S n s s S & R S S f c R a j S R S S K S S & S S s a i e :
N « i f t o d 2 s t v r ^ ® 3 0' ? ' 0 ‘n ^ « n‘jSSRgssfcsssafcHKSssigi ssRgtoRfefc  

8 * < o 3 ; : 2 2 8 ! 3 J 5 a ! ! ! R * S ? B 5 ? 3 8 t : i C 8 S 8 S ! 8 8

N  (O N  V) N  
N  <o eo CD GO

s t o o N O i i f l f - c o N i D w c D c D o i n n o i ' - c o e o a )j n i o v n e o ' - N n s o  O «> •“ Q» " “ ” " • O ^ f t ^ l D I D O N

in  0) in  (o  <do  n  o  n  «
»* N  N  P) N

N  O  CO O
^  CO O  CD V ID O ^  Ol N_  _ oo cw . . _O J C D ^ N S O C O f -  _ _n N n r n N I D O N ^ O O ' r i / I S O n i O O  o ^ « i m O <'J i n ® * “ ,*‘ ^ * r* ^ ’ < 0 C ^ < D O ^ - « 0 O h . » - < 0 0^  " ' “ r f ^ ^ N N N o n O t t W I O i n i O O N N e Q O ®
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