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Foreword
ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 

International Standard ISO 12215 was prepared by Technical Committee ISO/TC 188, Small craft.

Beside this seventh part, ISO 12215 consists of 

· Part 1: Materials - Thermosetting resins, glass fibre reinforcement, reference laminate

· Part 2: Materials - Core materials for sandwich construction, embedded materials

· Part 3: Materials - Steel, aluminium, wood, other materials

· Part 4: Workshop and manufacturing

· Part 5: Design pressures for monohull, design stress, scantlings determination

· Part 6: Structural arrangements and details 
· Part 8: Rudders
· Part 9: Appendages and rig attachments
The development of ISO 12215 parts 1 to 9 owes a considerable debt to the energy and work of Mr Fritz HARTZ who was involved at the start of the project and was the convener of TC 188 WG 18 until his death on the 16th of November 2002. All the members of WG 18 and TC 188 wish to express their gratitude  for his major contribution to the production of this international standard 
Introduction

The reason underlying the preparation of this International Standard is that standards and recommended practices for loads on the hull and the dimensioning of small craft differ considerably, thus limiting the general world wide acceptability of boats.

The objective of this standard is to achieve an overall structural strength that ensures the watertight and weathertight integrity of the craft.

The working group considers this standard to have been developed applying present practice and sound engineering principles. The design pressures of this standard shall be used only with the equations of this standard. 

Considering future development in technology and boat types, and small craft presently outside the scope of this standard, provided methods supported by appropriate technology exist, consideration may be given to their use provided equivalent strength to this standard is achieved.

The dimensioning according to this standard is regarded as reflecting current practice, provided the craft is correctly handled in the sense of good seamanship and equipped and operated at a speed appropriate to the prevailing sea state.

Hull construction - Scantlings — Multihulls
1 Scope

This part of ISO 12215 applies to determination of design loads, pressures, stresses, and to the determination of the scantlings, including internal structural members of multihull small craft constructed from fibre reinforced plastics, aluminium or steel alloys, wood or other suitable boat building material, with a length of the hull (LH) according to ISO 8666 of up to 24 m. It only applies to intact boats.

The assessment shall generally include all parts of the craft that are assumed watertight or weathertight when assessing stability, freeboard and buoyancy according to ISO 12217, all structural integral parts, and in addition any highly loaded areas like attachment areas of ballast keels, centreboards, rudders, chain plates, etc.

This part of ISO 12215 shall be used in conjunction with Part 5 for general scantlings and local loads. Part 6 shall be used for details, Parts 8 for rudders and part 9 for appendages and rig attachment shall also be used.

NOTE 1
Scantlings derived from this International Standard are primarily intended to apply to recreational craft including charter vessels.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 8666:— Small craft — Principal data
ISO 12215-3:— Small craft — Part 3: Materials — Steel, aluminium, wood, other materials
ISO 12217:— Small craft — Stability and buoyancy assessment and categorisation
3 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1
design categories

sea and wind conditions for which a boat is assessed by this International Standard to be suitable, provided the craft is correctly handled in the sense of good seamanship and operated at a speed appropriate to the prevailing sea state.

3.1.1
design category A ("ocean")

category of boats considered suitable to operate in seas with significant wave heights above 4 m and wind speeds in excess of Beaufort Force 8, but excluding abnormal conditions, e.g. hurricanes.


3.1.2
design category B ("offshore")

category of boats considered suitable to operate in seas with significant wave heights up to 4 m and winds of Beaufort Force 8 or less

3.1.3
design category C ("inshore")

category of boats considered suitable to operate in seas with significant wave heights up to 2 m and a typical steady wind force of Beaufort Force 6 or less

3.1.4
design category D ("sheltered waters")

category of boats considered suitable to operate in waters with significant wave heights up to and including 0,30 m with occasional waves of 0,5 m height, for example from passing vessels, and a typical steady wind force of Beaufort 4 or less

3.2
design category factor 

 fw
factor lowering requirements according to design category, its values are according to Table 1 

Table 0\IF >= 1 "D." 

SEQ Table 
1
 — Values of design category factor

	Design Category
	A
	B
	C
	D

	Value of fw
	1
	0,9
	0,75
	0,5


3.3
loaded displacement mass m LDC
mass of the craft, including all appendages, when in the fully loaded ready for use condition as defined in ISO 8666.” 

3.4
sailing craft

boat for which the primary means of propulsion is by wind power, having a total profile area, As as defined in ISO 8666, expressed in m², of all sails that may be set at one time when sailing closed hauled of


 As > 0,07( m LDC)2/3

In the rest of this International Standard, non-sailing craft are called motor craft.

3.5
catamaran

3.6
trimaran

4 Symbols

Unless specifically otherwise defined, the symbols shown in Table 1 are used in this International Standard.

Table 0\IF >= 1 "D." 

SEQ Table 
2
 — Symbols, coefficients, parameters

	Symbol
	Unit
	Designation/Meaning of symbol
	Reference/Article concerned

	Principal data

	
	
	To be implemented
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


5 General

The scantling determination shall be accomplished as follows:

· for design stresses and deflexion section 6 shall be used

· for local loads section 7 shall be used

· for global loads due to rig and heeling section 8 shall be used

· for global loads due to efforts due to twisting and bending in the sea section 9 shall be used 

6 Design stress and allowable deflexion

6.1 Design stresses for metal

6.1.1 Basic design stresses

For the design tensile, compressive, and flexural loads shall be the smallest of
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NOTE
To be consistent with parts 5 and 8 the design stresses of are high. To take this fact into account, the actual loads are raised by an adequate dynamic factor.

6.1.2 Combined design stresses for metal

For metallic elements, equation (3) shall be fulfilled in any point of the stock:
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6.2 Design stress for FRP or wood elements

For FRP or wood elements, equation (4) shall be fulfilled:
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where 
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  are as previously defined

Calculation of local loads

6.3 General

The scantlings determination of multihulls shall be determined by multiplying, where relevant, the pressure values of monohulls for the same type of craft (motor craft or sailing craft) and the same location (bottom, side, deck superstructure) by the relevant coefficient given in Table 3.

For wet decks and cross-beam faces the pressure determination follows specific consideration.
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3  Side inner


4  Wet deck

 5 Front facing cross-beam
5  Aft facing cross-beam

Figure 0\IF >= 1 "D." 

SEQ Figure 
1
 — General dimensions of a catamaran

6.4 Pressure coefficients

Table 0\IF >= 1 "D." 

SEQ Table 
3
 — Values of Multihull pressure coefficient for Power and sailing multihull.

	Multihull Element
	Pressure ratio  monohull/multihull

	
	Cmm
	Cms

	 
	Motor craft
	Sailing craft

	Bottom shell 
	 
	 

	Outer Side shell
	 
	 

	Inner Side shell
	 
	 

	Deck
	 
	 

	Superstructures
	 
	 


The convener will propose values for table 3 in May 2004, after discussion with multihull bilders
Comments: The convener received several comments on Part 5, complaining that lower boundary the pressure reduction factor was too high compared to actual boats (side but also on deck and superstructure). It seems, incidentally there is a mistake in Part 5, as this lower bound is 0,4 for sandwich core and 0,25 for strength (in aft part) for side and bottom, whereas it is 0,6 for deck and superstructure where the is much less slamming. If this problem is solved for monohulls, it would be easier to define eventual reduction coeffs for multihulls. Another point is that multihull do not heel, so they could be treated like motorboat monohulls.
Possible pressure reduction for aft topsides.
6.5 Wet deck pressure determination for catamarans
This is an important subject. It seems that below a certain height (about 75 cm for a 12 m Lh cat) the pressure raises "exponentially", at least between 30 to 50 % of Lh from stem. In other areas, something like the side pressure would be OK. The connecting junction between wet deck and inner sides seems to need the same treatment. It is too early to propose an equation, the French industry will propose something in may
Function of 

 h above WL and ratio 

DNV= 2,6 K (D/A)1/3 ncg (1-Hc/Hl)* L/D^2/3

HC= height above WL

HL= 0,22(Kc-(0,8/1000)L)

Difference between  fore half and the rest
The connecting parts between the wet deck (horizontal) areas and the inner shell (near vertical) shall be subject to wet deck pressure. 

7 Calculation of global loads due to rig and heeling
Comment : The Article 8 and 9 below are very preliminary, the French WG is working on proposals available in May. the aim is to consider any possible global loads, but only when really needed.
7.1 General

The loads due to equilibrium of forces and moments between aerodynamic, hydrodynamic and stability effects induce structural loads.

Among these loads, the main effects are:

1) Compressive load under the mast step or pillar; as defined in 12215-9

2) Tensile loads around main shroud chainplates; as defined in 12215-9

3) Bending moment and shear force due to the effect of the above loads and gravity loads. 

The stresses induced by these loads shall not be greater than the basic or combined stresses, as relevant, defined above.

The analysis of the mast beam for a single mast arrangement is considered in article 8.1.1 below. Multi mast arrangements shall be analysed similarly.

Finite element analysis may be used for the global loads.
7.1.1 Shear force and bending moment on the mast main beam.
Remark: a much finer analysis may be developed, this is very preliminary.
The analysis shown below is the typical analysis to be used corresponding to Figure 2. It is simplified as the boat weight effects are neglected.

Other technical arrangement to feed the mast are allowed, provided the equilibrium between the mast and shroud loads in shear and bending are achieved using sound engineering methods. 

The load on the mast step 
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as defined in 12215-9 

The design load on the end of the beam is 
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considered as the load induced by the transversal rig plus ½ of the longitudinal rig load.

The shear load varies from +
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 to 0 when the mast step load 
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is introduced. But as this must be symmetrical, the shear load is constant.
The transmission of the shear load from the shroud chainplate need to be verified. It may pass directly by a bulkhead, but if there is an opening, like on Figure 2, there is a stress concentration around the opening and secondary bending moment. The shear load may also pass through the hull sides to another bulkhead or the mast bulkhead, but the load path and transmission shall be achieved.
The bending moment varies from 0 to 
[image: image17.wmf]C

CM

MAX

MB

b

F

M

=


The shear stress  and bending stress  shall not be respectively greater than d and d, combined where relevant.

An example of such a mast beam analysis is given in Annex A.

[image: image18.wmf]
Figure 0\IF >= 1 "D." 

SEQ Figure 
2
 — Schematic mast beam section, Shear load and bending moment

Calculation of global loads due to the sea

7.2 General

The boat is considered:

· For vertical bending moment of the hulls  (hogging / sagging) in a swell perpendicular to the boat axis
· For horizontal bending moment of the hulls ( lateral pressure, etc)
· For twisting moment in a swell 45° to the boat axis. Either for boats with separate crossbeams (like sports cats) or for box-type structure
· For horizontal shear load and bending moment for boats with separate crossbeams (like sports cats) 

· etc

7.3 Bending moment on each hull
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(According to BV, to be checked, or according to DNV)
Where 
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 is the depth at mid WL (height between bottom of canoe body to sheeline)
The bending stress  shall not be greater than d, at any point of the hull under this Moment.

The above requirement needs to be verified only if 
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K1 to be defined 

7.4 Twisting moment T
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is the twisting moment when the boat is in diagonal swell

(Nm) 
(  )

According to DNV, BV formula seems complicated, and does not consider motor craft.
Where

· ncg =: 1 for sailing multihulls;

· ncg is as defined in 6.1.2 or 12215-5

stress  shall not be greater than d, at any point of the hull under this Moment.

An example of twisting moment calculation using differential deflection of cross-beams is given in Annex B.

Other methods may be used, including FEM, provided sound engineering methods are applied.

When openings are cut in the cross-beams, or any panel subject to significant shear flow or shear stress, care shall be taken to consider the raise of shear stress and the induced secondary bending moment. 

Annex A 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Example of Mast beam calculation under mast compression

To be implemented
Annex B 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Example of Twisting moment analysis with differential deflection of crossbeams

B.1 Theory

[image: image23.wmf]
Figure B 1 — Scheme of platform twist 
When a boat twist, the strain energy  is i WD = ½ T (  (Work done!) = SE

SE in bending 
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SE in torsion 
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Or 
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Where the ‘GJ’ term may be neglected for ‘open’ section or if a conservative solution is required.  The shear strain energy is negligible for a catamaran with just two or three beams, but for a ‘double bottom’ style wet deck + dry deck + girders extending over 50% of the LWL this might not be the case. So providing the full equation might be helpful for boats, which are marginal in meeting the standard.
This distance of the centre of twist from the origin used for 
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where

· T is the Twisting moment defined in equation (  ) 










(Nm) 

· 
[image: image29.wmf]i
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is the flexural rigidity of each cross beam 
· 
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is the torsional rigidity of each cross beam 

· L is the transversal distance between hulls, considered constant (mean value may be used) 
(m)
· 
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 is the longitudinal distance, from an arbitrary datum, between the cross-beam centroid and centre of twist.
· 
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  where 
[image: image33.wmf]x

is the longitudinal distance, from the same datum, of the centre of twist.

With a cantilever beam with a Force F at the end of its length L, the deflection is  
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and the moment is 
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From 
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, one can know the bending moment and shear force for each cross-beam at a distance x
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is the bending moment and 
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is the shear force.

The cross beam can then be analysed as in Annex A

NOTE
The twist formula could be corrected to include the shear stiffness of the cross beams (i.e. (GJ/L) but this normally only affects the twist by a few per cent and the complication is unjustified.

B.2 Worked example

To be implemented
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