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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for which a technical committee has been established has the right to be represented on that committee. International organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted by the technical committees are circulated to the member bodies for voting. Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

ISO 12215‑5 was prepared by Technical Committee ISO/TC 188, Small craft.

ISO 12215 consists of the following parts, under the general title Hull construction — Scantlings:

· 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 monuhulls, design stresses, scantlings determination

· Part 6: Structural arrangements and details
· Part 7: Multihulls
· 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 ISO/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 International Standard is to achieve an overall structural strength that ensures the watertight and weathertight integrity of the craft.

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

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

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

Hull construction — Scantlings — Part 5: Design pressures for monuhulls, design stresses, scantlings determination
CAUTION — This draft does not claim to be fully applicable at the time of second DIS circulation. This circulation will enable a world-wide validation by the industry. The results of this validation and the comments will enable the Working Group to produce a fully applicable International Standard

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 monohull 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.

For the complete scantlings of the craft this part of ISO 12215 shall be used in conjunction with Part 6, 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.

NOTE 2
This International Standard is based on the assumption that scantlings are governed solely by local loads.

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 part of ISO 12215, 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

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.”

3.3

sailing craft

boat for which the primary means of propulsion is by wind power, having a total profile area, 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(mLDC)2/3

3.4

second moment of area

for an homogeneous material, it is the sum of the products of components areas multiplied by the square of the distance from centre of area of each component area to the neutral axis plus the second moment of area of each component area about an axis passing through its own centroid. It is expressed in cm4 or mm4
NOTE
The second moment of area is also referred to as the moment of inertia.

3.5

section modulus

for a homogeneous material, it is second moment of area divided by the distance to any point from the neutral axis at which the stress is to be calculated. It is expressed in cm3 or mm3. The minimum section modulus is calculated to the furthest point from the neutral axis

3.6

pressure and stress units

according to ISO rules, pressures and stresses are normally in Pa, kPa or MPa. For the purpose of a better understanding from the users of this part of ISO 12215, the pressures are expressed in kN/m2 (1kN/m2=1kPa) and stresses or elastic moduli are expressed in N/mm2 (1 N/mm2=1 MPa)

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 
1
 — Symbols, coefficients, parameters

	Symbol
	Unit
	Designation/Meaning of symbol
	Reference/Article concerned

	Principal data

	AS
	m
	Sail area according to ISO 8666
	ISO 8666

	BC
	m
	Chine beam 
	6.1.2

	BH
	m
	Beam of the hull
	ISO 8666

	BWL
	M
	Beam of the fully loaded waterline at m LDC
	ISO 8666

	LH
	m
	Length of the hull
	ISO 8666

	LWL
	m
	Length of the fully loaded waterline at m LDC
	ISO 8666

	TC
	m
	Immersed depth of canoe body at m LDC
	ISO 8666, 6.1.2, 6.2.2

	Tc min
	m
	Minimum immersed depth of canoe body
	6.2.2

	V
	knots
	Maximum speed in loaded displacement conditions  m LDC
	6.1.1, 6.1.2

	hb
	m
	Load head for watertight bulkhead or integral tank
	6.5.1, 6.5.2

	hsc
	m
	Scantling depth above fully loaded waterline
	6.1.3, 6.2.2

	m LDC
	kg
	Loaded displacement mass of the craft
	3.2, 6.1.2

	ncg
	
	Dynamic load factor
	6.1.2

	x
	m
	Distance of mid panel or stiffener from of aft end of LWL
	6.1.2

	Ñ
	m3
	Volume of displacement 
	ISO 8666

	
	(degrees)
	Deadrise angle
	6.1.2

	Panel or stiffener dimensions

	Ad
	m2
	Design area under consideration
	6.1.2

	Ar
	m2
	Reference area
	6.1.2

	b
	mm
	Shorter dimension of plate panel
	6.1.2, 7.1.1

	be
	mm
	Effective extent of plating connected to a stiffener
	9.3
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	mm
	Longer dimension of plate panel 
	6.1.2, 7.1.2

	c
	mm
	crown of a curved panel 
	8.1,

	s
	m
	Stiffener or frame spacing
	6.1.2, 7.1.2
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u
	m
	Unsupported span of stiffener or frame
	6.1.2, 7.2.2

	cu
	m
	crown of a curved stiffener or frame 
	9.1.1,

	Calculation data: Pressures, stresses, coefficients, parameters

	Pbm base
	kN/m2
	Motorcraft bottom pressure with no reduction factor
	6.1.2

	Pbm
	kN/m2
	Motorcraft bottom pressure 
	6.1.2

	Psm
	kN/m2
	Motorcraft side pressure
	6.1.3

	Psm min
	kN/m2
	Motorcraft minimum side pressure
	6.1.3

	Pdm
	kN/m2
	Motorcraft deck pressure
	6.1.4

	Pdm min
	kN/m2
	Motorcraft minimum deck pressure
	6.1.4

	Psup m
	kN/m2
	Superstructure pressure for motor craft
	6.1.5

	Pbs base
	kN/m2
	Sailing craft bottom pressure with no reduction factor
	6.2.2

	Pbs
	kN/m2
	Sailing craft bottom pressure 
	6.2.2

	Pbs min
	kN/m2
	Sailing craft minimum bottom pressure 
	6.2.2

	Pss
	kN/m2
	Sailing craft side pressure
	6.2.3

	Pss base
	kN/m2
	Sailing craft side pressure with no reduction factor
	6.2.3

	Pss min
	kN/m2
	Sailing craft minimum side pressure 
	6.2.3

	Pds
	kN/m2
	Sailing craft deck pressure
	6.2.4

	Pds base
	kN/m2
	Sailing craft deck pressure with no reduction factor
	6.2.4

	Pds min
	kN/m2
	Sailing craft minimum deck pressure 
	6.2.4

	Psup s
	kN/m2
	Sailing craft superstructure pressure
	6.2.5

	Pwb
	kN/m2
	Design pressure, watertight boundaries
	6.5.1

	Ptb
	kN/m2
	Design pressure, integral tank boundaries
	6.5.2

	fw
	*
	Design category factor 
	6.1.2

	fk
	*
	Correction factor for curvature
	8.1

	kar
	*
	Motor craft hull area pressure reduction factor
	6.1.2

	KB
	
	Stiffener end fixity coefficient
	9.1.1

	ks
	*
	Sailing craft hull pressure reduction factor
	6.1.2
	
	

	ksa
	*
	Shear area factor
	9.1.1

	kd
	*
	Deck pressure reduction factor
	6.1.4, 6.2.4

	kL
	*
	Longitudinal pressure distribution factor
	6.1.2

	ksup m
	*
	Motor craft superstructure pressure reduction factor
	6.1.5

	ksup s
	*
	Sailing craft superstructure pressure reduction factor
	6.2.5

	kv
	*
	Vertical pressure distribution factor 
	6.2.3

	k1
	*
	Bending stiffness coefficient
	8.1

	k2
	*
	Panel aspect ratio coefficient for bending strength
	8.1

	k3
	*
	Panel aspect ratio coefficient for bending stiffness
	8.1

	k4
	*
	Sandwich minimum skin location factor
	8.4.2.2

	k5
	*
	Sandwich fibre factor
	8.4.2.2

	k6
	*
	Sandwich care factor
	8.4.2.2

	sd
	N/mm2
	Design stress
	article 8

	su
	N/mm2
	Ultimate strength (flexural, compressive, tensile)
	article 8

	(d
	N/mm2
	Design shear stress 
	article 9

	(u
	N/mm2
	Ultimate shear strength 
	article 9

	E
	N/mm2
	Elasticity modulus (flexural, compressive, tensile)
	8.1

	w
	kg/m2
	Fibre reinforcement mass per m²
	8.1.2

	t
	mm
	Thickness of plating
	article 9

	(
	*
	Glass content in mass
	10.1.3


5 General

The scantling determination shall be accomplished as follows:

· for craft with a length LH of 2,5 m up to 24 m, according to sections 6 to 10 of this part of ISO 12215;

· for craft with a length LH 2,5 m up to 12 m of design categories C and D, Annex A.1 may be used as an alternative to the main body of this part of ISO 12215;

· for sailing craft with a length LH 2,5 m up to 9 m of design categories C and D, Annex A.2 may be used as an alternative to the main body of this part of ISO 12215;

· for craft with a length LH 2,5 m up to 6 m and of single skin FRP bottom construction according to 6.1.1, the drop test in Annex B may be used as an alternative to the main body of this part of ISO 12215.

NOTE 1
These scantling requirements are based on normal anticipated sea loads during normal usage. Compliance with these requirements does not eliminate the possibility of damage from accidental overloads, careless handling, trailing loads, chocking loads, grounding or berthing. In some instances the requirements may come out lower than fabrication requirements such as welding ability, and should therefore be increased accordingly. For craft smaller than 6 m in particular, robustness criteria may be the governing aspect for scantling determination, e.g. beaching, grounding, trailer and fender loads.

NOTE 2
Annex A.1 is intended to provide a simplified method for inshore boats. The scantlings from Annex A 1 are an application of the main body of the standard with simplifying assumptions. They are intended to be slightly conservative when compared with the main body of the standard. Builders concerned with minimising the structural mass of the craft may wish to use sections 6 to 10

NOTE 3
Annex A.2 is applicable mainly for small, lightweight inshore sailing boats and sailing dinghies that might otherwise find the scantlings from other sections too conservative.

NOTE 4
If an annex is used as an alternative to sections 6-10, the boat builder shall still refer to parts 7 (Multi-hulls), 8 (Rudders) and 9 (Appendages and rig attachments) as appropriate in addition to using the annex.
6 Design pressure

6.1 Motor craft design pressure 

6.1.1 Limits of application for motor craft

The motor craft design pressure equations are applicable within the following parametric limits:

	
	Minimum 
	Maximum

	Length / Displacement ratio 
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	3,6 + 0,06 LWL
	6,2 + 0,04 LWL

	Maximum speed
	50 knots


The limit between bottom pressure and side pressure shall be in accordance with Figure 1.
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SEQ Figure 
1
 — Limit of motor craft bottom pressure

6.1.2 Motor craft bottom pressure

The bottom design pressure for motor craft Pbm is the greater of:

Pbm = Pbm base . kar.kL
(kN/m2) or
(1)

Pbm min= 
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where

· ncg
is the dynamic load factor, which shall be determined from equation (4) or Table 2
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The dynamic load factor ncg need not exceed the maximum values given in Table 2.

Table 0\IF >= 1 "D." 

SEQ Table 
2
 — 
Dynamic load factor ncg, upper limit according to craft type

	Normal mode of operation at maximum speed
	Example
	ncg

	Craft is primarily intended to be supported by a combination of buoyancy and planing forces
	Cruising boats (semi-planing, planing)
	3,0

	Craft may be entirely clear of the water for short periods of time in normal operation  (i.e. become airborne)
	Recreational RIBS and sports-boats
	4,5

	Craft may be entirely clear of the water for long periods of time and craft is not intended to change course and speed to reduce sea loads
	Rescue craft, offshore racing boats
	6,0

	In addition to the above case, the craft is fitted with crew securing devices or requires special operating procedures
	Bucket seats, belts, standing operation
	7,0


If the values of Table 2 are used to limit the dynamic load factor given by equation (4) the information given in the first column of Table 2 shall be written in the owner's manual (see section 10).

where

· m LDC is the loaded displacement mass
(kg)

· LWL is the length on the fully loaded waterline, the craft being at rest
(m)

· V is the maximum speed in calm water declared by the manufacturer, craft in m LDC 
conditions, this speed shall not be taken smaller than 
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· BC is the chine beam measured, according to Figure 2, at 0,4·LWL forward
 of the aft end of the fully loaded waterline
(m)

· fw is the design category factor, defined in Table 3

· Tc is the maximum draft of the canoe body, boat at rest in m LDC conditions,
 see Figure 2
(m)
Table 0\IF >= 1 "D." 

SEQ Table 
3
 — Values of fw according to design category

	Design Category
	A
	B
	C
	D

	Value of fw
	1
	0,9
	0,75
	0,5
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SEQ Figure 
2
 — Measurement of chine beam Bc, deadrise angle b and canoe body draft Tc
·  is the deadrise angle at 0,4·LWL forward of the aft end of the fully loaded waterline, according to Figure 2, not to be taken smaller than 10°, nor more than 30°. 







        (degrees)
· kL
is the longitudinal pressure distribution factor for bottom and side as given in Figure 3 or calculated from equation (5).
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where

· x
is the longitudinal position of mid panel forward of aft end of LWL in m LDC conditions
    (m) 
The overhangs fore and aft shall have the same correction factor as the respective end of the fully loaded waterline.

Intermediate values shall be obtained by interpolation.
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SEQ Figure 
3
 — Longitudinal pressure distribution factor k L

· kar
is the motor craft hull area pressure reduction factor taken from Figure 4 or calculated from equation (6), but shall not be taken smaller than:

· kar = 0,25 when used in flexural strength and flexural stiffness calculations;

· kar = 0,4 when used in panel shear strength calculations (cored panels);

[image: image19.wmf]k

ar



versus

 

A

d

/A

r

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

0,80

0,90

1,00

0,001

0,010

0,100

1,000

A

d

/A

r

k

ar


Figure 0\IF >= 1 "D." 

SEQ Figure 
4
 — Area pressure reduction factor kar
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where

· 
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[image: image22.wmf](

)

×

×

b

l

10-6   for plating, but shall not be taken greater than
[image: image23.wmf]6

10

²

5

,

2

-

×

×

b


(m²)

· Ad = 
[image: image24.wmf](

)

s

u

×

l

 
 for stiffeners but need not be taken smaller than 
[image: image25.wmf]2

33

,

0

u

l

×
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· b
is the shorter dimension of the  plate panel, as defined in 7.1.1; 



(mm)

· 
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is the longer dimension of the plate panel, as defined in 7.1.2;




(mm)

· 
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u
is the unsupported span of a stiffener, as defined in 7.2.1;





(m)

· s
is the stiffener spacing, as defined in 7.2.2;








(m)

· Ar 
is the reference area with  
 
[image: image28.wmf]C

WL

H

r

B

L

L

A

×

×

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

70

3

6

,

0







(m²)


(7)
6.1.3 Motor craft side pressure

The side design pressure Psm for motor craft sides is the greater of:
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The side pressure need not be taken greater than 
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where

· Pbm base is the bottom base pressure defined in  6.1.2
(kN/m2)

· fw 
is the design category factor defined in Table 3

· kar
is the motor craft hull area pressure reduction factor defined in 6.1.2

· kL
is the longitudinal pressure distribution factor defined in 6.1.2

· kv
is the vertical pressure distribution factor
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where

·  h is:

· the height above the fully loaded waterline to centre of panel or 
middle of stiffener for round bilge motor craft and hard chine motor craft 
with 
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· the height above the chine to centre of panel or middle of stiffener for hard
chine motor craft with 
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· z
is the height above loaded waterline of the upper limit of the side pressure 
at the panel or stiffener, defined by:










(m)

· a horizontal line located at a height hsc above fully loaded waterline abaft of the middle of LWL
· an inclined line having a height hsc above fully loaded waterline at Lwl/2 and 1,2 hsc at the stem

where  hsc is the scantling height above fully loaded waterline,
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The extent of the side pressure area, which includes the transom, is shown hatched in Figure 5. Any area of the shell located above this is subject to Psm min (see 6.2.3)
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      Figure 5c: Round bilge
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SEQ Figure 
5
 — Extent of motor craft side pressure

6.1.4 Motor craft deck pressure

The design pressure Pdm for the motor craft weather deck is the greater of:
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where

· fw 
is the design category factor defined in Table 3;

· fw 
is the design category factor for pressure calculation (see 6.1.2);

· Kd
=is the deck pressure reduction factor, not to be taken greater than 1

· Kd  = 1,1 – 0,4·b / 1000 or 0,6 whichever is the greater for a deck or superstructure panel

(15)

· Kd=  1,1 – 0,4·lu or  0,33 whichever is the greater for a deck or superstructure stiffener

(16)

6.1.5 Motor craft pressure for superstructures and deckhouses

The design pressure Pm sup for superstructures and deckhouses exposed to weather of motor craft is proportional to the deck pressure, but not to be taken smaller than P ds min. in walking areas:
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where K sup m is given in Table 4, other values as previously defined.

Table 0\IF >= 1 "D." 

SEQ Table 
4
 — Values of Ksup m for motor craft superstructures and deckhouses
	Position of panel
	Ksup m
as proportion of deck design pressure 
	Application

	Front
	1
	

	Sides
	0,67
	

	Aft
	0,5
	

	Top first or single tier
	0,5
	

	Upper Tiers
	0,35
	walking areas

	Upper Tiers
	Min. deck pressure  P d min
	non walking areas 


Elements not exposed to weather shall be considered as upper tiers.

6.1.6 Motor craft pressure for windows, hatches and doors

Windows, hatches and doors shall comply with ISO 12216.





6.2 Sailing craft design pressure

6.2.1 Limits of application for sailing craft

The sailing craft design pressure equations are applicable within the following limits:

· Category A and B boats for which 
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Bottom pressure applies from the bottom of canoe body up to 150mm above the waterline in the fully loaded condition ( see Figure 6b and 6c)

6.2.2 Sailing craft bottom pressure

The bottom pressure Pbs for sailing craft is the greater of
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where

· 
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· Tc is the maximum draft of the canoe body, boat at rest in m LDC  conditions, see Figure 6.
(m)

.
Tc shall not be taken smaller than: 
· 
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· kL  is as defined in 6.1.2, Figure 3, and equation 5, to be used with 
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· ks is the Sailing craft hull pressure reduction factor.

· ks =1,14 – 0,0019 b / LWL 0.4   for plating
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· ks =1,14 – 1,9  
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where  b and 
[image: image50.wmf]l

u  are respectively defined in 7.1.1 and 7.2.2.

ks  shall not be taken greater than 1, nor smaller than:

· ks = 0,25 when used in flexural strength and flexural stiffness calculations;

· ks is the greater of 0,4 or (1,02 – 0,0006 b) when used in panel shear strength application (sandwich panels) aft of 0,60 Lwl from the aft end of the waterline

· ks = 0,75 for sandwich construction forward of 0,60 Lwl from the aft end of the waterline

For other definitions see 6.1.1.

Figure 6b and 6c show, hatched, the extend of bottom area respectively for a separate and integral ballast keel. Hatched area of Figure 6a shows the extent of side area.
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Hatches area of Figure 6a shows the extent of side area.
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SEQ Figure 
6
 — Sailing craft limits of side area and canoe body draft Tc measurement

6.2.3 Sailing craft side pressure

The side pressure Pss for sailing craft is the greater of:
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where

· Tc is the canoe body draft defined in 6.2.2;

· fw 
is the design category factor defined in Table 3;

· kL
is the longitudinal pressure distribution factor defined in 6.1.2;

· ks
is the sailing craft hull pressure reduction defined in  6.2.2);

· P bs base is the base sailboat bottom pressure defined in 6.2.2; 

· kv
is the vertical pressure distribution factor,
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where

· h
is the height above the fully loaded waterline to centre of panel or middle
 of stiffener
















(m)

· z
is the height above the fully loaded waterline of the upper limit of the side 
pressure at the panel or stiffener, defined by:








(m)

· a horizontal line located at a height hsc above fully loaded waterline abaft of the middle of Lwl 

· an inclined line having a height hsc above fully loaded waterline at the middle of Lwl l and 1,2 hsc at the stem

where  hsc is the scantling depth above fully loaded waterline, 
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The extent of the side pressure area, which includes the transom, is shown hatched in Figure 6a. Any area of the shell located above this area is subject to Pss min (see 6.2.3.1)

6.2.4 Sailing craft deck pressure

The design pressure Pds for the weather deck of sailing craft is the greater of
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Pds need not be taken greater than Pss or Pss min
where

· 
[image: image58.wmf]3

,

18

37

,

0

+

×

=

H

base

ds

L

P














  (kN/m2)

(30)

· fw 
is the design category factor for pressure calculation defined in Table 3;

· Kd
=is the deck pressure reduction factor, not to be taken greater than 1;

· Kd = 1,1 – 0,4·b / 1000 or 0,6 whichever is the greater for a deck or superstructure panel

(31)

· Kd =  1,1 – 0,4·lu or  0,33 whichever is the greater for a deck or superstructure stiffener

(32)

6.2.5 Sailing craft superstructure pressure

The design pressure Ps sup for superstructures and deckhouses exposed to weather of sailing craft is proportional to the deck pressure, but not to be taken smaller than P ds min. in walking areas:
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where k sup s  is given in Table 5, other values as previously defined.

Table 0\IF >= 1 "D." 

SEQ Table 
5
 — Values of Ksup s for sailing craft superstructures and deckhouses

	Position of panel
	Ksup s
as proportion of deck design pressure 
	Application

	Front
	1
	

	Side
	1
	walking areas

	Side
	0,75
	non walking areas

	Aft end
	0,75
	

	top, ≤ 800 mm above deck
	0,75
	walking areas

	top, > 800 mm above deck and upper tiers
	0,35
	walking areas

	Upper Tiers
	Min. deck pressure  P d min
	non walking areas 


Elements not exposed to weather shall be considered as upper tiers.

Sailing craft design pressure for windows, hatches and doors

Windows, hatches and doors shall comply with ISO 12216.

6.3 Watertight bulkheads and integral tank boundaries, design pressure

6.3.1 Watertight bulkheads

The design pressure Pwb on watertight bulkheads is :
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where

· hb  is the water head in metres, measured as follows (see Figure 7) : 



  (m)

· for plating: 2/3 of the total bulkhead height, measured from its top,

· for vertical stiffeners: 1/2 of the total stiffener span, measured from its top,

· for horizontal stiffeners: the stiffener height, measured from its top,
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SEQ Figure 
7
 — Watertight Bulkheads

6.3.2 Integral tank bulkheads and boundaries

The design pressure Ptb on integral tank bulkheads and boundaries is:
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where 

·  h b  is the water head, in metres, measured as follows  (see Figure 8): 
(m)

· for plating: the distance from a point one third of the height of the panel above is lower edge to the top of the tank or to the top of the overflow, whichever is the greater.

· for stiffeners: the distance from mid span to the top of the tank or to the top of the overflow, whichever is greater.

For determination of the design pressure, the top of the overflow shall not be taken smaller than 2 m above the top of the tank.

Where the tanks form part of the deck, this has to be assessed according to the requirements of this section.
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SEQ Figure 
8
 — Measurement of dimensions for tank scantling calculation

6.3.3 Wash plates

Tanks shall be subdivided as necessary by internal baffles or wash plates. Baffles or wash plates which support hull framing shall have scantlings equivalent to stiffeners located in the same position.

Wash plates and wash bulkheads shall in general, have an area of perforation not greater than 50 %t of the total area of the bulkhead. The perforations shall be so arranged that the efficiency of the bulkheads as a support is not impaired. 

The general stiffener requirement for both minimum section modulus and second moment of area may be 50 % of that required for stiffener members of integral tanks.

6.3.4 Collision bulkheads

The scantlings of collision bulkheads shall not be smaller than as required for integral tank bulkheads.

6.3.5 Non watertight or partial bulkheads

Where a bulkhead is structural but non-watertight the scantlings shall be as for watertight bulkheads or equivalent in strength to a stiffener located in the same position.

Bulkheads and partial bulkheads that are non-structural are outside the scope of this International Standard.

6.3.6 Transmission of pillar loads

Bulkheads that are required to act as pillars in way of under-deck girders subjected to concentrated loads and other structures which carry heavy loads shall be according to these loads.

7 Dimensions of panel and stiffeners

7.1 Dimensions of plating panels
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SEQ Figure 
9
 — Sketch explaining the dimensions in 7.1

The unsupported dimensions of plating panels are:

7.1.1 Short dimension of the panel b
b is the short dimension of panel between two closest stiffeners. 
(mm)

In the case of a top-hat stiffeners, it is the distance between the web base of a top-hat to the web base of the closest top-hat or stiffener (see Figure 9 to 13 ).

If there is no definite stiffeners, or in case of hard chine planking or, see respectively 7.1.3 and 7.1.5.

7.1.2 Large dimension of the panel 
[image: image65.wmf]l
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 is the large dimension of panel between two closest stiffeners. 
(mm)

In the case of a top-hat stiffeners, it is the distance between the web base of a top-hat to the web base of the closest top-hat or stiffener.(see Figure 10 c).
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SEQ Figure 
10
 — Examples of b, l , s and lu  measurement

Figure 10 a  Top hat stiffeners on FRP construction. As s1, s2 and s3 are not equal, the mean spacing between Frames F is (s1+ s2)/2 or (s2+s3)/2
Figure 10 b   L shaped stiffeners in metallic construction
Figure 10 c  Continuous stringer between top hat frames and a bulkhead. l1 and l2 are the unsupported  length of the panels between stringers. lu1 and lu2 are the lengths of the stringer.

7.1.3 Curved panel assessment when there are no or few stiffeners

7.1.3.1 If there are some stiffeners (stringers, carlins, bunk edges, deck/hull angles, etc). (See Figure 11 D)
Draw a straight line between the closest points of these stiffeners. Measure b and c, then calculate fk according to Table 7.

a) For panels where if fk ≤ 0,7 or c/b >0,12, try to split it in 2 parts The angle between two adjacent chord lines shall not be greater than 130°

If there are no stiffeners  (See Figures 11 A, B and C)

b) Check if there is an obvious "natural" stiffener in the centreline (V bottom or small radius).

c) Draw a straight line between the bottom of hull at centreline and the hull-deck joint.

d) Find the tangent point from a parallel to this line with the hull or with a line at 45° from the vertical. Measure b and c and check in Table 7 if fk ≤ 0,7 or c/b>0,12. If the answer is "yes" split again.

If there is no stiffener, this method does not allow more than 2 panels by half girth

[image: image68.wmf]
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SEQ Figure 
11
 — Examples of curved panel assessment

EXAMPLE A
In Figure A1, a straight line is drawn between centreline and deck edge. c/b is obviously > 0,12, so the tangent point can be taken as a "natural" stiffener. There are then 3 panels: 1 panel with b1 and c1, and 2 panels with b2 and c2
EXAMPLE B
The radius at centreline is small enough to consider it as a natural stiffener. The tangency of a parallel to a chord between centreline and deck edge gives c/b=0,19> 0,12, so each side can be split again into 2 panels with the same method.

EXAMPLE C
The centreline angle is a natural stiffener but the ratio c/b= < 12, so it is not possible to split further 

EXAMPLE D
Section stiffened by an internal liner. In the bottom part, the curvature is strong enough to split the panel into three chords respectively b1, b2 and b1 

7.1.4 Hard chined panels

The b dimensions are the dimensions between chines (see Figure 12).

[image: image69.wmf]
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SEQ Figure 
12
 — Hard chined section

7.1.5 Characteristics of natural stiffeners

The above analysis is only valid if the "natural" stiffeners (round bilges, hard chines, etc) are strong and stiff enough to be considered as proper stiffeners. This means that they shall fulfil the requirements of article 9. The length of these natural stiffeners is their unsupported length between secondary stiffeners (Bulkheads, floors, frames, etc). As they are often curved the coefficient Rc in 9.1.1 is usually helpful.

Chines with <130 to 150° are often considered to be strong enough.

Table G.4 and G 5 in Annex G gives SM values for some round bilges and hard chines.

7.2 Dimensions of stiffeners

The unsupported dimensions of the stiffeners are:

7.2.1 Spacing of stiffeners s
s is the spacing , in m, between centrelines of stiffeners (stringers, frames, web frames, bulkheads, carlins, beams, etc)  If the stiffeners are not symmetrical, s is the distance between the middle of the stiffener webs (see Figure 10b).

If three consecutive stiffeners do not have the same spacing, s the mean value of their spacing (see Figure 10a and 10b).

7.2.2 Long dimension of a stiffener 
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(unsupported length)
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 is the long dimension, in m, of a panel between two closest stiffeners, it is also the unsupported length of these stiffeners.

In the case of a top-hat stiffener, 
[image: image72.wmf]u

l

is the distance between the centrelines of top-hats (see Figure 10c).
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SEQ Figure 
13
 — 0\IF >= 1 "D." 
Examples of stiffener dimensions on a FRP craft

Figure 13a: Continuous stiffeners 
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l

1 for floor, 
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l

2 for frame, 
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l

3 for beam
Figure 13 b: Stiffeners with gussets at the junctions, 
[image: image77.wmf]u

l

is measured inside the gusset junction
Figure 13 c Gussets with tangential junctions: the end of 
[image: image78.wmf]u

l

 are at the closest tangent point (legend 1)
Figure 13 d Case where the frames and beams are not continuous to allow the deck to be put at a late stage of building without subsequent lamination. The beam is simply supported at both ends. The frame is simply supported at its top end. The limit floor/ frame (legend 2) is at their tangent or junction point, i.e. a change in the stiffener height or stiffness.
Figure 13 e Case of curved stiffeners cu2 and cu3 are respectively the crown of the frame and the beam with respective length lu2 and lu3 these are used to assess Rc in 9.1.1 and Table 14

8 Plating – Scantling equations

8.1 FRP single skin plating

The minimum required thickness of the plating t is the greater of t1 and t2 defined below
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where

· t1
is the required thickness for the bending strength







  
(mm)

· t2
is the required thickness for the bending stiffness 








(mm)

· b 
is the short dimension of the panel, according to  7.1.1;






(mm)

· fk 
is the correction factor for curved panels given in Table 7. 

· P
is the design pressure (bottom, side, deck, etc) of the panel according to Article 6, 
(kN/m2)
· k2
is the panel aspect ratio coefficient, for bending strength given in Table 6;

· 
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is the design stress for FRP plating given in Table 8;

· k3
is the panel aspect ratio coefficient, for bending stiffness given in Table 6;

· k1= 0,047 
is the bending stiffness coefficient ;

· Ef 
is the flexural modulus of elasticity,(see Annex C)








(N/mm2).

For FRP, the thickness required from equations (36) and (37), or wherever such thickness appears in this International Standard shall not be measured, but translated into a mass of fibre reinforcement (kg/m²) using the fibre mass content according to the methods of Annex C, and compared to the actual reinforcement mass. An example is given in Annex C. Similarly, the laminate of an existing boat or project in kg/m² shall be transformed into thickness in the same manner to be compared with the requirements of equations (36) and (37).

The mechanical properties of FRP laminates are be those parallel to b, where 
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 and the lesser of the mechanical properties parallel to b or 
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< 2,0. If the mechanical properties in both directions differ by more than 20 %, the panel shall be analysed according to Annex H.
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SEQ Table 
6
 — Aspect ratio coefficient for isotropic panels

	Panel aspect ratio
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	Coefficient k2
k2 =
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k2 to be taken = 0,5 for laminated wood plating
	Coefficient k3
k3 =
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	> 2,0
	0,500
	0,028

	2,0
	0,497
	0,028

	1,9
	0,493
	0,027

	1,8
	0,487
	0,027

	1,7
	0,479
	0,026

	1,6
	0,468
	0,025

	1,5
	0,454
	0,024

	1,4
	0,436
	0,023

	1,3
	0,412
	0,021

	1,2
	0,383
	0,019

	1,1
	0,349
	0,016

	1,0
	0,308
	0,014


Table 0\IF >= 1 "D." 

SEQ Table 
7
 — Correction factor for curvature

	c/b
	fk

	0 to 0,03
	1,0

	0,03 to 0,12
	1,1 – 3,33·c/b

	> 0,12
	0,7


where c  is the crown of a curved panel, see Figure 14.
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Figure 0\IF >= 1 "D." 

SEQ Figure 
14
 — Measurement of convex curvature

Table 0\IF >= 1 "D." 

SEQ Table 
8
 — Design stresses for FRP single skin plating

	Material
	Structural element
	design stress( d
N/mm2

	FRP single skin
	Hull bottom and side
	0,5·(uf

	
	Decks and superstructures
	0,5(uf

	
	Structural and tank bulkheads
	0,5·(uf

	
	Watertight bulkheads
	0,625·(uf


where (uf
is the minimum ultimate flexural strength 








(N/mm2)

The mechanical properties of the FRP laminate shall be determined according to Annex C.

8.1.3
Use of bulking material

Bulking materials having a shear strength greater than 3,25 N/mm² may be substituted to the central layers of a single skin FRP laminate, providing the total thickness of the combined FRP/bulking material as obtained from equation (36) is increased by the following amounts:

· By 15 % when the bulking material thickness constitutes 33 % of the total laminate thickness;

· By 30 % when the bulking material thickness constitutes 50 % of the total laminate thickness;

· The total thickness shall in no case be less than 105 % the thickness required by equation (37).

EXAMPLE
Resin rich felt or similar.

NOTE
the thickness increase is required to ensure that the bulking material-FRP laminate has equivalent shear force, bending moment and stiffness capabilities as the required single skin.  For bulking materials with high shear strength (5+ N/mm²), the percentage increases above are likely to be pessimistic and use of Annex H may be more appropriate.  

8.2 Metal plating - aluminium alloy and steel

The minimum required thickness of the plating t shall be:
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where

· b 
is the short dimension of the panel, according to  7.1.1;






(mm)

· fk 
is the correction factor for curved panels given in Table 7;

· P
is the design pressure (bottom, side, deck, etc) for the panel according to Article 6, 
(kN/m2);
· k2
is the panel aspect ratio coefficient, for bending strength given in Table6;

· 
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is the design stress for metal plating given in Table 9.

Table 0\IF >= 1 "D." 

SEQ Table 
9
 — Design stresses for metal plating

	Material
	Structural element
	design stress( d
N/mm2

	Aluminium alloysa
	All elements
	0,9·(yw or 0,6 (utw

	Steela
	All elements
	0,9·(y or 0,6·(ut

	a   The lesser value shall apply..


where

· for steel,




( y
is the minimum tensile yield strength 





(N/mm2)

· 





(ut
is the minimum ultimate tensile strength 





(N/mm2)

· for welded aluminium,

(yw
is the minimum tensile yield strength, welded condition

(N/mm2)

· 





( utw  is the minimum ultimate tensile strength, welded condition
(N/mm2)

· for aluminium adhesively bonded or mechanically fastened  (y and (u are unwelded state

(N/mm²)

The mechanical properties of metals shall be according to ISO 12215-3.The values of Table F1 may also be used.

8.3 Laminated wood plating

This section applies only to plywood construction, moulded veneer construction and strip plank wood construction as specified in Annex E.

The required thickness of the wood laminate t, excluding any lightweight sheathing, is:
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where

· b 
is the short dimension of the panel, according to  7.1.1;






   (mm)

· P
is the design pressure (bottom, side, deck, etc) for the panel according to article 6;
   (kN/m2)
· k2
=0,5;

· 
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is the design stress for wood given in Table 10 
NOTE
The curvature coefficient fk is not relevant for wood because the mechanical properties are very low in a direction perpendicular to the grain.

Table 0\IF >= 1 "D." 

SEQ Table 
10
 — Design stresses for laminated wood plating

	Material
	Structural elements
	design stress( d
N/mm2

	Laminated wood 
	All elements (except deck)
	0,5 ·(uf

	
	Deck
	0,25 ·(uf


Where ( uf is the minimum ultimate flexural strength parallel to the short side 
of the panel (see Table E.2)
(N/mm2)

The mechanical properties of the wood laminate shall be determined according to Annex E.

NOTE
The structure made of a wood core with FRP composite skins that are designed to contribute to the plating strength is not covered in this section.  See Annex H, assuming a structurally effective core, i.e. not as a sandwich construction.

8.4 FRP sandwich plating

This section applies to sandwich panels where the outer and inner skins are similar in lay-up, in strength and in elastic properties If this is not the case, the sandwich shall be analysed according to Annex H using the bending moment required by equations (50) and (51) and the flexural rigidity required by equation (52)

8.4.1 Minimum section modulus and second moment

The minimum section modulus about the neutral axis of a strip of sandwich panel shall not be smaller than the results of the following equations:

The required minimum section modulus about the neutral axis of a strip of sandwich panel shall not be smaller than the results of the following equations:

Minimum required section modulus of the outer skin of sandwich 1 cm wide

SMo / 1 cm width 
= 
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Minimum required section modulus of the inner skin of sandwich 1 cm wide

SMi / 1 cm width  
= 
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Minimum required second moment (Moment of inertia) for a strip of sandwich 1 cm wide
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 / 1 cm width 
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where

· b 
is the shorter dimension of the panel, according to  7.1.1;





  (mm);

· fk 
is the correction factor for curved panels given in Table 7;

· P
is the pressure (bottom, side, deck, etc) for the panel according to article 6, 

  (kN/m2);

· k1
is the sandwich bending stiffness coefficient, taken as 0,017 for all locations;

· k2
is the panel aspect ratio coefficient, for bending strength given in Table 6;.

· k3
is the panel aspect ratio coefficient, for bending stiffness given in Table 6

· sdo
is the design stress of the outer skin of sandwich given in Table 11;



  (N/mm2);

· sdi
is the design stress of the inner skin of sandwich given in Table 11;



  (N/mm2);

· ETC 
is the mean of the tensile and compressive moduli, respectively for
 inner and outer skins (see Annex C)










  (N/mm2).
Table 0\IF >= 1 "D." 

SEQ Table 
11
 — Design stresses for FRP sandwich plating

	Material
	Structural element
	design stress( d
N/mm2

	FRP sandwich
	Hull, deck, superstructures, structural bulkheads and tanks
	0,5·( ut or 0,5·( uc

	
	Watertight bulkheads
	0,625 ( ut or 0,625 ( uc


where

· for FRP sandwich,

(ut
is the minimum ultimate tensile strength of the skin 

(N/mm2)

· 





(uc
is the minimum ultimate compressive strength of the skin
(N/mm2)

The mechanical properties of the skin shall be determined according to Annex C.

8.4.2 
8.4.3 
8.4.4 
8.4.5 Thickness required by shear load capabilities.

In order to transmit the shear load, the mid thickness of core and sandwich laminate d shall not be smaller than given by the following equation:
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where

· do
is the overall thickness of the sandwich excluding gel coat, 





(mm)

· dc
is the thickness of the core, 












(mm)

·  is a coefficient varying with panel aspect ratio, as given in Table 13. Where the elastic properties of the skins are different in the principal axes, n shall not be taken smaller than 0,5;

· P
is the pressure (bottom, side, deck, etc) for the panel according to article 6,


(kN/m2)
· b 
is the short dimension of the panel, according to  7.1.1; 






(mm)

· d
is the design shear stress, according to Table 12 








(N/mm2)

Table 0\IF >= 1 "D." 

SEQ Table 
12
 — Design shear strength of sandwich cores

	Material
	Design Shear stress
d      (N/mm2)

	End grain balsaa  
	0,4·u

	Core having shear elongation at break less than 20% (Cross linked PVC, etc)
	0,5·u

	Core having shear elongation at break greater than 20% (Linear PVC, SAN, etc)
	0,6u

	a
where the balsa exhibits a low degree of variability in mechanical properties and measures are taken to seal the core by resin encapsulation in cases where it is used below, d may be taken as 0,5·u


where (u  is the minimum ultimate core shear strength according to Annex D.




(N/mm²)

Table 0\IF >= 1 "D." 

SEQ Table 
13
 — Coefficient  for FRP panel shear strength

	Panel aspect ratio 
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/b
	
[image: image99.wmf]n


	Panel aspect ratio
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/b
	
[image: image101.wmf]n



	> 2,0
	0,500
	1,5
	0,484

	2,0
	0,500
	1,4
	0,478

	1,9
	0,499
	1,3
	0,466

	1,8
	0,499
	1,2
	0,455

	1,7
	0,494
	1,1
	0,437

	1,6
	0,490
	1,0
	0,420


8.4.6 
8.4.7 Skin buckling 

The skin buckling stress, 
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 given in equation (44) shall not be smaller than 
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· where

· do and di 
are the respective design stresses of the outer and inner 
skin using Table 11














(N/mm2)

· Es
is the compressive elastic modulus of skins, in 0°/ 90° in-plane axis 
of panel (see Annex C)













(N/mm2)

· Ec
is the compressive elastic modulus of core, perpendicular to skins,
(see Annex D)















(N/mm2)

· Gc
is the core shear modulus, in the direction parallel to load,
(see Annex D)

(N/mm2)

8.4.8 Minimum skin fibre mass requirements

The required minimal fibre mass per m² is given by:
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where

· 
[image: image108.wmf]os

w

is the fibre mass per m² of the outer skin,








(kg/m2)

· 
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is the fibre mass per m² of the inner skin,








(kg/m2)

· k4 
is the sandwich minimum skin location factor, where

· k4 = 1,0 for bottom shell (all craft type) and side shell forward of 
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 of sailing yachts

· k4= 0,9 for side shell of motor craft full range, aft of 
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 of sailing yachts

·  k4= 0,8 for deck (all craft type)

· k5 
= sandwich minimum skin fibre type factor, where:

· k5 = 1,0 
for E-glass reinforcement containing up to 50% of chopped strand mat by mass

· k5= 0,9 
for continuous glass reinforcement (i.e. bi-axials, woven roving, uni-directionals)

· k5= 0,7 
for continuous reinforcement using aramid or carbon or hybrids there of 

· k6 
= sandwich minimum skin care factor, where:

· k6= 0,9 
for design category C and D sports boats used with care and frequently inspected 

· k6= 1 
for other craft 

If k6 =0,9, a statement saying that the boat shall be used with care and frequently inspected for local damage, shall be inserted in the owner's manual 

9 Stiffening members requirements

Plating shall be supported by an arrangement of stiffening members (see ISO 12215 Part 6)

9.1 Requirements for stiffeners with similar materials

9.1.1 For any material: Minimum section modulus and shear area

The minimum section modulus of stiffening members including the effective plating (see 9.3) and the web area of the stiffening members shall be not smaller than given by the following equation:
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where

· Rc
is the curvature coefficient for stiffeners as given in Table 14 

· KB
is the stiffener end fixity coefficient for section modulus with 

· KB = 83,3 for an end fixity = 1   (built-in or fully-fixed ends), i.e. continuous at their ends or bracketed

· KB = 125  for an end fixity = 0   (simply supported ends), i.e. sniped ends or unbracketed.

· P
is the pressure (bottom, side, deck, etc) for the panel according to article 6, 

(kN/m2)
· 
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is the length of the stiffener, as defined in 7.2.2, 







(m)

· cu 
is the crown of a curved frame (see Figure 13 e) 







(m)

· s
is the spacing of stiffeners, as defined in 7.2.1, 







(m)
· AW
 is the shear area (cross sectional area of stiffener shear web),




(cm2)

· (d 
is the design shear stress of the shear web, as defined in Table 15



(N/mm2)
ksa
is the shear area factor and is to be taken as 5 for stiffeners attached to plating which provides an effective area greater than the cross-sectional area of the stiffener. Otherwise ksa shall be taken as 7,5.

· d
is the design stress for stiffeners given in Table 15, 






(N/mm2)
Table 0\IF >= 1 "D." 

SEQ Table 
14
 — Curvature coefficient for stiffeners

	cu / 
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	Rc

	0 to 0,03
	1

	0,03 to 0,1
	1,1 – 3(cu /
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)

	> 0,1
	0,7


Table 0\IF >= 1 "D." 

SEQ Table 
15
 — Design stresses for stiffening members

	Material
	Tensile and compressive design stress
(d N/mm2
	Design shear stress
d N/mm2

	 FRP 
	0,5·(ut or 0,5·(uc
	0,5·u

	Aluminium alloys
	0,7·(yw  
	0,4·yw

	Steela
	0,8·(y 
	0,45·y

	Laminated wooden frames,
	0,45·(uc
	0,45·u

	Solid stock wooden frames,
	0,4·(uc
	0,4·u

	Plywood on edge frames
	0,45·(ut or 0,45·(uc
	0,45·u


where

· u
is the minimum ultimate in-plane shear strength of the stiffener material 



(N/mm2)
· other variable are as previously defined.

For the purpose of this International Standard the minimum yield shear strength for aluminium and steel is taken as  0,58 y.
The mechanical properties of the materials used shall be taken in Annex C, E or F, as relevant.

9.1.2 Supplementary stiffness requirements for FRP

For FRP stiffeners, the second moment of area, including the effective plating, shall not be smaller than given by the following formula.
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where

· NB
is the stiffener end fixity coefficient for Second moment, with 

· NB = 26 040 for an end fixity = 1  (fully-fixed ends), i.e. continuous at their ends or bracketed;

· NB = 130 200  for an end fixity = 0   (simply supported ends);

· Rc, P, s and 
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 are as in 9.1.1 
· ETC
is the mean of compressive / tensile modulus of the material ( see Annex C)


(N/mm2)
9.2 Requirements for stiffeners with dissimilar plies

Dissimilar plies are when mechanical properties differ by more than 20 % from each other. For such stiffeners, the allowable bending moment does not necessarily correspond to the stress at the farthest fibre of the neutral axis. Therefore the criteria shall be the allowable bending moment, the required EI and allowable shear load.  The value of Md (Fd) is that value of bending moment (shear force) which corresponds to the first ply in the laminate stack reaching the allowable design stress for that ply.
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and for FRP laminate


[image: image121.wmf]3

5

,

1

)

(

u

c

B

TC

s

P

R

N

I

E

l

×

×

×

×

³

×

S



(N/mm²xcm4)
(52)

where 

· Md
is the design bending moment of stiffener; 







(Nm)

· Fd
is the design shear load the stiffener;








(N)

· ETC I) 
is the sum of the EI products of all the elements of the stiffener

(N/mm²xcm4)
· KB, P, s, 
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ksa, NB, Rc are as defined in 9.1.1

9.3 Effective plating

The lower flange of stiffening members working in bending is a band of plating called "effective plating" as shown in Figure 15.The effective extent of plating be shall be calculated according to Table 16, but shall not be taken greater than the actual stiffener spacing.

Table 0\IF >= 1 "D." 

SEQ Table 
16
 — Values of be/t 

	Material
	Steel
	Aluminium
	FRP Single skin
	Frp Sandwich
	Wood , plywwod,

	be/t
	80
	60
	20
	20 (ti+to)
	15


Where the stiffener has a significant width it may be added to be (see Figure 15)

The above equations are valid for any stiffener: stringer, frame, bulkhead, etc.

For stiffeners along an opening, the effective extent shall be taken as 50% of the extent as given above.
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Figure 0\IF >= 1 "D." 

SEQ Figure 
15
 — Sketch showing the effective extent of plating

9.4 Overall dimensions of stiffeners

9.4.1 Geometry

Translation of a minimum section modulus, a second moment of area, and shear web requirements into a stiffener geometry may be made using the equations and Tables of Annexes C, E, F.

9.4.2 Maximum proportions of stiffener dimensions 

Table 18 gives maximum web depth to thickness h/tw and d/tf for I, T or L shaped stiffeners, then h/(tb/2) and d/tb for top hats as explained by Figure 16. These ratios normally preclude the risk of local buckling of the stiffener.
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Figure 0\IF >= 1 "D." 

SEQ Figure 
16
 — Proportions of stiffeners

The relationship between the moulding (depth) and siding (width) of conventionally proportioned wood stiffeners (laminated or solid) is normally such as to preclude web buckling.

Table 0\IF >= 1 "D." 

SEQ Table 
17
 — Maximal values of h/tw  and d/tf 
	Type of profile
	Flat bat
	T or L shaped stiffeners
	Top Hat stiffeners

	Material
	h/tw max
	h/tw max
	d/tf max
	h/(tw/2)max
	d/tf max

	GRP 35% fibres by mass
	7
	25
	7
	25
	16

	Aluminium
	9
	50
	9
	50
	20

	Steel
	12
	65
	12
	65
	28

	Carbon laminate 0/90 50% fibre by mass
	8
	40
	8
	40
	18

	Aramid laminate 0/90 40% fibre by mass
	8
	40
	8
	40
	18

	Plywood
	7
	30
	7
	30
	16

	Other material
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The above requirements apply to structural elements that are supported by structurally effective core.

where:

· tw
is the total thickness of the stiffener web or solid panel bulkhead 




(mm)

· tf
is the thickness of the outstanding face bar of the stiffener flange 




(mm)

· h
in the height of the stiffener web











(mm)

· d
in the width of the outstanding face bar of the stiffener flange 





(mm)

· Efs
is the Elastic flexural modulus of the stiffener web or flange





(N/mm²)

(d 
is the design shear stress of the stiffener web or flange


 



(N/mm2)
· cd 
is the design compressive stress of the stiffener web or flange
 




(N/mm2)
9.4.3 Connection between the stiffener and the plating

The connection between the stiffener and the plating shall be able to transmit with a large safety margin the shear load given in equation (51) and implied by equation (48).

ISO 12215-6 gives details of such connections.

9.5 Structural bulkheads

Unstiffened structural bulkheads are considered as shell stiffeners made of a flat bar having the thickness of the bulkhead tb, an effective height h, and subject to the requirements of 9.1 to 9.4. The effective height h (mm) schematised in Figure 17 to be considered in the calculation shall be taken as a flat bar in Table 18.
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Figure 0\IF >= 1 "D." 

SEQ Figure 
17
 — Effective height of a structural bulkhead

For sandwich, tb shall be taken as 
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Where  I is the Second moment of the sandwich ( see Annex C) 






(cm4)

In addition, the thickness of unstiffened plywood bulkheads shall not be smaller than:

tb min = 8,0 D
(mm)
(54)

where   D is the moulded depth from bottom of canoe body to deck at side 




(m)

The connection of the bulkhead to the plating shall be as required by 9.4.3 

9.6 Structural support for sailing craft ballast keel

The requirements on floors, carlins, keelsons, etc supporting loads connected to sailing craft ballast keel (heeling, vertical or longitudinal grounding or docking) are given in Part 9 of 12215 "Appendages and rig attachment".

10 Owner's manual

10.1 General

Where relevant the following information shall be included in the owner's manual.

10.2 Normal mode of operation

If the values of Table 2 in 6.1.1 are used to limit the dynamic load factor given by equation (4) a information stating the limitations of normal operation given in the first column of Table 2 shall be written in the owner's manual.

10.3 Boat care and inspection

If in 8.4.4, k6 =0,9, a statement saying that the boat shall be used with care and frequently inspected for local damage shall be included in the owner's manual.

Annex A 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Simplified method for scantlings determination

A.1 Simplified method using graphs for category C and D boats of LH less than 12 m

This method may be applied for motor craft and sailing craft with a hull length of less than 12 m and of design categories C and D. Scantlings may be obtained for construction of single skin GRP, GRP sandwich (topsides and deck only), mild steel, aluminium alloy, plywood or strip planking.

A.1.1 Criteria for motor craft

The simplified method may be applied for monohull motor craft of design category C and D and LH between 2.5 m to 12 m that meet following criteria:

e) The waterline length is smaller than or equal to 90 % of LH
f) The type of craft is "Cruising" or "Sport" according to Table 2 of the main standard (dynamic load factor ( 4,5)

g) The ratio of waterline length to waterline beam is smaller than or equal to 3,5

h) The displacement is smaller than or equal to 1000.(LWL/5)3
i) The deadrise is greater than or equal to 12o
j) The hull is stiffened by a combination or a network of transverse and longitudinal stiffeners and partitions, shelves, bunks or other structurally connected members

A.1.2 Criteria for sailing craft

The simplified method may be applied for monohull sailing craft of design category C and D and LH between 2,5 m and 12 m that meet the following criteria:

k) The waterline length is smaller than or equal to 90 % of LH
l) The displacement is smaller than or equal to 1000.(LWL/5)3
m) The hull is stiffened by a combination or a network of transverse and longitudinal stiffeners and partitions, shelves, bunks or other structurally connected members

A.1.3 Determination of panel laminate thickness for reference laminate

The required thickness tr for a panel constructed of the reference laminate is obtained by multiplying the relevant thickness coefficient ct by the actual panel width, b (mm).
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(A 1)
· For bottom laminate of motor craft 


Ctb motor is given in Figure A 1 according to LH and V

· For side laminate of motor craft 



Cts motor is given in Figure A 2 according to LH and V

· For bottom and side laminate of sailing craft 
Ctb sail and Cts sail are given in Figure A 3 according to LH 


The value of b shall not be taken as less than 250+10.LWL (mm) for hull bottom panels, and the not less than 400+10. LWL (mm) for hull side panels. LWL is measured in metres
This thickness value obtained is for a single skin GRP reference laminate (E-glass mat and polyester resin laminate with a glass content of 30 % , uf=134 N/mm², E=5 200 N/mm².) The thickness in mm shall be converted to fibre mass in kg/m² by multiplying the thickness by 0,43. This conversion is made in Table A.1

Table A 1 — Reference Laminate -Conversion from tr (mm) to glass weight wr (kg/m²)
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1,00 0,430 4,00 1,720 7,00 3,010 10,00 4,300

1,25 0,538 4,25 1,828 7,25 3,118 10,25 4,408

1,50 0,645 4,50 1,935 7,50 3,225 10,50 4,515

1,75 0,753 4,75 2,043 7,75 3,333 10,75 4,623

2,00 0,860 5,00 2,150 8,00 3,440 11,00 4,730

2,25 0,968 5,25 2,258 8,25 3,548 11,25 4,838

2,50 1,075 5,50 2,365 8,50 3,655 11,50 4,945

2,75 1,183 5,75 2,473 8,75 3,763 11,75 5,053

3,00 1,290 6,00 2,580 9,00 3,870 12,00 5,160

3,25 1,398 6,25 2,688 9,25 3,978 12,25 5,268

3,50 1,505 6,50 2,795 9,50 4,085 12,50 5,375

3,75 1,613 6,75 2,903 9,75 4,193 12,75 5,483


For glass fibre reinforced laminates that include woven roving, multi-axial cloths, etc, the required thickness may be corrected according to A.3. The thickness for mild steel, aluminium alloy, plywood, strip planking with lightweight glass sheathing or FRP sandwich construction may also be obtained from A.3. The thickness may also be adjusted for bulking material in accordance with the method given in A.3.
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Figure A 1 — Motor craft bottom panel thickness per mm of panel width
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Figure A 2 — Motor craft side panel thickness per mm of panel width
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Figure A 3 — Sailing craft bottom and side panel thickness per mm of panel width

A.1.4 Determination of required section modulus of stiffeners for reference laminate

The required section modulus for hull frames or stiffeners made from the reference laminate is obtained by multiplying the section modulus coefficient csm taken from the graphs (Figures A4 or A6, as appropriate), by the actual stiffener spacing, s (m) and the actual stiffener length, l (m) squared.
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(A 2)
· For bottom stiffener of motor craft csmb motor is given in Figure A 4 according to LH and V

· For side stiffener of motor craft  csms motor is given in Figure A 5 according to LH and V

· For bottom and side stiffeners of sailing craft csbs sail and csss sail are given in Figure A 6 according to LH 

The value of s shall not be taken as less than 250+10.Lwl (mm) for hull bottom stiffeners, and not less than 400+10.Lwl (mm) for hull side stiffeners.

The value of s shall not be taken as less than 0,250+ 0,01.Lwl (m) for hull bottom stiffeners, and not less than 0,400+ 0,01.Lwl (m) for hull side stiffeners. LWL is measured in metres

The required size of stiffeners and the kg/m² of reference laminate to be laid on the former may be obtained from Annex G, Tables G1, G2 and G3. The required size for stiffeners using other glass fibre reinforced laminates that include woven roving or multi-axial cloths, may be corrected according to A.3.  The stiffener size for mild steel, aluminium alloy and wood may also be obtained from A.3
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Figure A 4— Motor craft bottom stiffener modulus per m of stiffener spacing for a 1 m long stiffener, GRP reference laminate
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Figure A 5 — Motor craft side stiffener modulus per m of stiffener spacing for a 1 m long stiffener, GRP reference laminate
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Figure A 6 — Sailing craft bottom and side stiffener modulus per m of stiffener spacing for a 1 m long stiffener, GRP reference laminate

A.1.5 Determination of deck scantlings

The single skin thickness and section modulus for the reference laminate may be obtained as follows:

A.1.5.1 Single skin deck thickness made with reference laminate

The re
quired single skin deck thickness made with the reference laminate is:
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(A 3)
Valid for both motor and sail, with b in mm

A.1.5.2 Deck stiffeners

The required section modulus of deck stiffeners made with the reference laminate is:

SMdk = 9 s l 2                          for motor craft  











(cm3)
(A 4)

SMdk = 11 s l 2                        for sailing craft 











(cm3) 
(A 5)

Where s and l are in metres.

The corrections for other types of GRP (single skin), wood or metal or sandwich are as for the bottom and topsides, as described in A 3.


A.2 
Alternative method for sailing craft of LH less than 9 m

This method may be used as an alternative for sailing craft with a length of hull of less than 9m and of design categories C and D. Scantlings may be obtained for construction of single skin GRP, GRP sandwich, mild steel, aluminium alloy, plywood or strip planking.  

A.2.1 Determination of panel laminate thickness

The required panel thickness made with the reference laminate is:
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(A 6)
where, 

· b   = the actual panel width, in mm

· 
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where 
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 is the longest side of the panel (in mm), kr shall not be taken greater than 1 or less than 0,77

· kloc = 1,0 for hull bottom, 0,75 for hull topsides and 0,6 for the deck

· 
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  where c is hull curvature (see Figure A 7) fk shall not be taken less than 0,7 nor greater than 1
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Figure A 7 — Measurement of convex curvature

This thickness value obtained is for a single skin GRP reference laminate (E-glass mat and polyester resin laminate with a glass content of 30 %, uf=134 N/mm², E=5 200 N/mm².) This thickness in mm shall be converted to fibre mass in kg/m² by multiplying the thickness by 0,43. This conversion is made in Table A.1

For glass fibre reinforced laminates that include woven roving, multi-axial cloths, etc, the required thickness shall be corrected according to A.3. The thickness for mild steel, aluminium alloy, plywood, strip planking with lightweight glass sheathing or FRP sandwich construction shall also be obtained from A.3. The thickness may also be adjusted for bulking material in accordance with the method given in A.3.

For sandwich construction, and if the boat is handled with care during launching and recovery and is frequently inspected, and where assistance is readily available in the event of collision, the minimum skin thickness requirement of 8.4.4 for sandwich construction does not apply for sailing craft using this method.

A.2.2 Determination of required section modulus of stiffeners

The stiffener section modulus requirements of sailing craft using this method shall be taken from section A.1, corrected for material as relevant using section A.3. The size of former and the kg/m² of over laminate may be obtained from Annex G, Tables G1, G2 and G3.

A.3 Correcting for other materials

For materials other than the reference material the following corrections apply.

A.3.1 E-glass based GRP materials

A.3.1.1 Single skin laminate

For sprayed chopped strand mat and conventional hand lay-up, no corrections are required.

For other GRP laminates the thickness required for the actual lay-up shall be obtained by multiplying the reference laminate thickness (as obtained in A.1 or A.2) by the appropriate factor taken from Table A 2. For craft that employ complex laminate schedules where the mechanical properties deviate by more than 20 % from each other in the principal directions, sections 6 – 10 shall be used in conjunction with Annex H.

For corrected thickness multiply the thickness of the reference laminate tr obtained by equation (A.1) and Figures A1 to A3 by the thickness correction factor given in column 2 of Table A 2, according to the type of ply of column 1.

For corrected dry glass mass (kg/m²) multiply the thickness of the reference laminate tr obtained by equations (A.1) and Figures A1 to A3 by the glass mass correction factor given in column 3 of Table A2, according to the type of ply of column 1.

A.3.1.2 Use of bulking material

Bulking materials having a shear strength greater than 3,25 N/mm² may be substituted to the central layers of a single skin FRP laminate, providing the total thickness of the combined FRP/bulking material as obtained from equation (A6) is increased by the following amounts:

· By 15 % when the bulking material thickness constitutes at most 33 % of the total laminate thickness

· By 30 % when the bulking material thickness constitutes at most 50% of the total laminate thickness

Example of bulking material : Resin rich felt or similar.

A.3.1.3 Stiffeners

For corrected stiffener section modulus multiply the SM value given by equation (A.2) and Figures A 4 to A 6 by the section modulus correction factor given in column 4 of Table A2, according to the type of ply of column 1.

The size of former and the dry glass weight of over laminate in kg/m² may be obtained from Annex G, Tables G1, G2 and G3. However the dry glass laminate overlay (kg/m²) must be multiplied by the stiffener over laminate factor given in column 5 of Table A2, according to the type of ply of column 1.

Table A 2— Glass mass conversion factor

	1
	2
	3
	4
	5

	Type of ply 
reinforcement
	Thickness correction factor
t/tr
	Glass mass correction factor
w/tr
	Section modulus factor
SM/SMr
	Stiffener over laminate factor
w/wr

	Roving-mat combination
	0,90
	0,51
	0,85
	1,35

	Woven roving or multi axial
	0,80
	0,64
	0,75
	1,85


EXAMPLE
If tables give tr = 5 mm and a builder uses Roving-mat combination, then t = 0,9 tr = 4,5 mm. The dry glass mass is:  tr 0,51= 5 x 0,51 = 2,55 kg/m².

NOTE
The glass dry mass is greater than for the reference laminate, even if the final laminate is thinner and lighter, because the amount of resin is smaller.

A.3.2 Correction for sandwich construction

The deck and topsides single skin thickness may be converted to an equivalent sandwich lay-up using this method. This method shall not be employed for the bottom panels. If the bottom is of sandwich construction, sections 6 to 10 must be employed.

The method of correction is to proceed as follows:

· The t/b value shall be determined either from Article A.1 or A.2 as appropriate.

· The t/b value is then to be multiplied by smallest unsupported span of the panel for the sandwich configuration, b in millimetres (not a typical single skin value). This should normally produce a fairly large value of thickness.

· The outer skin fibre mass wos (kg/m²) shall be determined from past practice of the builder.

The next stage is the selection of a suitable core material and core depth dc.  In the simplified method, two cores are available:

· PVC type foam core of minimum density 80 kg/m3.

· End grain balsa core of minimum density 144 kg/m3.

The selected core depth, dc, must exceed ALL of the values obtained from the equations (A7) to (A 9) below:

· 
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where

· tr is the thickness of reference laminate obtained from A1 or A2;





(mm)

· b is the smallest unsupported span of the panel;









(mm)

These formula are based on the assumption that the inner skin dry mass is not less than 70 % of the outer skin fibre dry mass (kg/m²).

Stiffener section moduli shall be obtained as for single skin from Section A.1.4.

A.3.3 Correcting for metals and wood

A.3.3.1 Thickness correction

The thickness for actual material shall be obtained by multiplying the reference laminate thickness (as obtained in A.2.1) by the appropriate factor taken from Table A 3.

Table A 3— Thickness correction factor for metal and wood

	Material
	Bottom
	Topsides
	Deck

	Aluminium alloy
	0,67
	0,73
	0,67

	Mild steel
	0,56
	0,50
	0,46

	Plywood encapsulated with resin
	2,1
	1,9
	1,7

	Strip plank with light glass sheathing
	2,5
	2,2
	2,0


This correction gives the plate thickness requirements (mm) and no further correction is required.

A.3.3.2 Section modulus correction 

The section modulus obtained for actual material is to be obtained by multiplying the section modulus made out of reference laminate (as obtained in A.2.2) by the appropriate factor taken from Table A 4.

Table A 4—Section Modulus correction factor

	Material
	Section modulus factor

	Aluminium alloy
	0,6

	Mild steel
	0,3

	Wood
	3,2


The corrected section modulus may be converted to a suitable stiffener geometry using Tables G 6 and G 7 for metals or Table G 8 and G 9 for wood.

Annex B 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Drop test for boats smaller than 6 m

B.1 Theoretical background

B.1.1 Theory of drop test

The impact pressure of a craft running in waves can be approximately estimated as the impact pressure acting on a two-dimensional wedge model penetrating the water.

On the other hand impact pressure on a craft which falls free into the water can be approximately estimated as the impact pressure on the same model. For this approach Wagner’s Theory is used.

B.1.2 Wave conditions

The following parameters are taken into consideration:

· wave height
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· wave length
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· wave slope 
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· wave length to craft length ratio
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· wave height to craft length ratio
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As the impact acceleration on a running craft should be the maximum value, the following assumptions are made for the above parameters:

n) 
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B.1.3 Relative impact speed

For the estimated relative impact speed in waves the following parameters are taken into consideration

· vertical factor of wave motion;

· vertical factor by pitching;

· vertical factor of advance speed with bow inclination to waves;

· trim angle of 4 degrees.

Taking into account that a craft at high speed will for some time be air-borne, it is assumed that the craft will fall down from the wave crest to the wave bottom.

The relative impact speed in a drop test can be calculated by using Wagner’s formula for the craft’s motion. From these parameters, the response can be determined.

B.1.4 Verification of “Drop height“

Drop tests have been carried out, using the impact load as measured on the same craft in running condition in waves. These data have been compiled in a graph which will allow to determine the appropriate drop height for a certain boat at a given speed under defined wave conditions as described under B.1.2.

B.1.5 Side pressure

Any craft that have been subjected to a drop test, have not shown any defect as to the scantlings of the sides. 

B.1.6 Safety margin

In the main body of this International Standard the safety margin is included in the design stresses for the material. In the drop test the safety margin is incorporated in the maximum impact load, assuming that all craft will at some time be air borne, because the stipulated wave conditions are assumed to cover all the actual conditions.

B.1.7 Fatigue

As the method of scantling determination in the main body of this International Standard does not address fatigue, it seems justified to use the same approach in the drop test. In both cases the one time impact is considered to give adequate answers for the long-term durability of the craft. 

B.2 Test and compliance

B.2.1 Scope

This test is regarded applicable to craft of smaller than 6 m Length of the hull, of single skin FRP construction, where the inside laminate and the internal stiffeners can be inspected after the craft has been subject to the drop test. 

B.2.2 Practical test 

The craft is lifted to a predetermined height HZ, as determined from Table B1 in relation to the speed/length ratio. 
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The following conditions shall be fulfilled:

· The craft is in loaded displacement mass m LDC. The mass of the maximum recommended number of persons and of vulnerable equipment and outfit may be replaced by mass with the same distribution within the boat;

· the keel shall be approximately parallel to the water surface;

· the wave height shall not exceed 100 mm.

The craft is released, dropping into the water.

B.2.3 Inspection and compliance requirements 

The craft is then taken on land and the hull, deck and internal stiffeners are inspected, looking for laminate or gelcoat cracks and the possible debonding/failure of the internal structure.

If none of the failure modes as described above has occurred, the small craft is regarded as being able to withstand the loads under anticipated service conditions.

The numbers at the end of each straight line correspond to the speed/length ratio 
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Table B 1 — Determination of drop test height
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 FRP laminates properties and calculations

C.1 FRP laminate properties

C.1.1 Tested laminates

Where the mechanical properties used for the scantling determination are derived from tests, these tests shall be conducted in accordance with the applicable or appropriate International Standard. Where an International Standard does not exist, a national standard may be used instead.
The tensile strength and modulus shall be determined according ISO 527.

The flexural strength and modulus shall be determined according to ISO 178.

The test specimen shall be representative of the product as manufactured. In general the specimen shall be manufactured under the same typical workshop conditions using the same material, fibre contents and sequence, methods of lay-up, thermal treatment, and time sequence. 

When determining the flexural strength the gel coat side of the specimen shall be stressed in tension.

The mechanical properties used in the calculations shall be:

· For strength 90 % of the mean ultimate strength or the mean value minus two standard deviations whichever is the lesser. 

· For elastic modulus, the mean value 

The fibre content by mass in the laminate ( may be determined for a specimen by direct measurement of the laminate (kg:m², etc. except thickness measurement, (see 8.1) without the gel coat and/or a burn-off test.

C.1.2 Non tested glass laminates

The mechanical properties for non-tested laminates to be used in the scantling calculation shall be determined according to Table C1. This table refers to E-glass assuming a nearly isotropic lay-up (deviation < 20 %).

The glass content by mass the laminate ( shall achievable using normal shop practice. The value of ( shall be determined by calculation, the fibre mass content for each individual layer may be estimated from Table C2.
The values of Table C1 have are shown graphically in Table C3 and C4 and Figures C1 and C2.

The mechanical properties given in Table C1 are achievable by builders employing industry standards, quality control, and production processes. The values are not absolute minimums and may exceed values which are achievable by lower quality production methods. In such cases, it is in the interest of the builder to conduct material tests.

Builders may find advantage in conducting tests and where these tests yield higher values than given in Table C.1, these test data may be used for design providing they are corrected accordance with C.1.1.

Table C 1 — GRP mechanical properties

	Property
	Values, (N/mm2)

	Hand laminated Chopped strand mat (CSM), Combi mat/Woven roving,
 Woven Roving (WR) and Crossplied (CP) – 0/90 reinforcement a)

	Ultimate tensile strength, (ut
	1278 · ( 2- 510 ( +123

	Tensile modulus, Et     
	(37 · ( - 4.75) ·10³

	Ultimate flexural strength, (uf
	502 · (² + 106,8

	Flexural modulus, Ef
	(33,4 · (² + 2,2) ·10³

	Ultimate compressive strength, (uc
	150 · ( + 72

	Compressive Modulus, Ec
	(40 · ( - 6) ·10³

	Ultimate intra-plane shear strength, u
	80 ·( + 38

	Intra-plane shear modulus G
	(1,7 · ( + 2,24) ·10³

	Sprayed Chopped Strand Mat

	Ultimate tensile strength, (ut
	150 · ( + 25

	Tensile modulus, E t
	(15 · ( + 2) ·10³

	Ultimate flexural strength, (uf
	300 · (² + 106,8

	Other properties for sprayed CSM shall be obtained from the CSM equations above

	Uni-directional (UD) reinforcement

	Ultimate tensile strengthb), (ut
	1800 · (² - 1400 · ( + 510

	Tensile modulus, E t
	(130 · (² - 104 · ( + 39) ·10³

	a) For combi-mat or mixed CSM/WR layups, ( shall be obtained from paragraph C.2.1.

b) In the absence of better data, the ultimate compressive strength for UD may be taken as the ultimate tensile strength value 


Table C 2 — Glass content by mass

	Type of ply reinforcement
	Glass content by mass 

	
	Open mould
	Vacuum bag

	
	Simple surface
	Complex surface
	

	Chopped strand mat sprayed up
	0,30
	0,25
	(0,36)

	Chopped strand mat hand lay up
	0,30
	0,25
	(0,36)

	Woven roving 
	0,48
	0,36
	0,58

	Roving-mat combinationa  
	0,47-0,18 R
	0,35-0,11 R
	0,56-0,22 R

	Multidirectional fabric
	0,50
	0,38
	0,60

	Unidirectional fabric
	0,55
	0,41
	0,66

	a
R=  total mass of  Mat (kg/m²) /  total mass of glass in laminate (Mat & Woven Roving)         (kg/m²)


Table C 3 — GRP Calculated strength in function of 
[image: image162.emf]Hand Layup Mat / fabric/ Multiaxial  Sprayed mat UD

Y

s

ut  

s

uc  

s

uf

t

u

s

ut  

s

uf

s

ut

N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² N/mm²
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0,275 79 113 145 44 66 129

0,300 85 117 152 45 70 134

0,325 92 121 160 46 74 138

0,350 101 125 168 48 78 144

0,375 111 128 177 49 238

0,400 123 132 187 51 238

0,425 137 136 197 52 240

0,450 152 140 208 54 245

0,475 169 143 220 56 251

0,500 188 147 232 58 260

0,525 207 151 245 60 271

0,550 229 155 259 62 285

0,575 252 158 273 64 300

0,600 277 162 288 67 318
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Figure C 1 — Graph showing the values of Table C 3

Table C 4 — GRP Calculated moduli in function of 
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Figure C 2 — Graph showing the values of Table C 4

C.1.3 Other types of glass laminates

Laminates consisting entirely of  (45° diagonal plies, where the warp/weft are at 45° to the short panel side or at 45° to the longitudinal axis of the stiffener may be taken to have mechanical properties based on Table C1, at the appropriate glass fibre fraction, with the following corrections:

· Inplane moduli (tensile and compressive) shall be reduced by 30 %

· Shear modulus shall be increased by 80 %.

· Direct strengths (tensile, flexural, compressive) shall be reduced by 10 %

· Shear strength shall be increased by 20 %

Laminates consisting entirely of  0/90/(45 quadriaxial plies, may be taken to have mechanical properties based on Table C1, at the appropriate glass fibre fraction, with the following corrections:

q) In plane moduli (tensile and compressive) shall be reduced by 15 %

r) Shear modulus shall be increased by 40 %

s) Direct strengths (tensile, flexural, compressive) shall be reduced by 10 %

t) Shear strength shall be increased by 20 %

For laminates consisting of a mat and bi-axial or mat and quadrilateral in approximately similar proportions may be corrected by taking one-half of the above reductions/deductions, based on the mechanical properties of Table C1, at the appropriate combined glass fibre fraction.

NOTE
the corrections above are conservative and may be substituted by values obtained from recognised test methods, suitably corrected to reflect statistical and long-term variations in properties.

C.1.4 Non tested laminates with fibres other than glass

The mechanical properties for non-tested laminates using Aramid and carbon fibres maybe derived from Table C7 as a guide, but they shall be checked against practical tests. The fibre content by volume is determined by the laminated technique. Table C.2 gives a value for glass according to the laminating technique. Entering this value for glass the second column of Table C.7, the volume fraction is derived, and the  mechanical properties of Aramid or carbon fibre laminates shall be taken, keeping on the same  line of Table C7.

NOTE
Aramid has usually lower wetting out capabilities than glass or carbon, therefore, with the same lamination technique as those materials, the mass and volume content of the fibre may be lower than the values given by the above method.

C.2 Thickness calculation of Glass Reinforced Plastic

When the glass content by mass  has been determined according to C1 and Table C2, the theoretical GRP thickness shall be calculated by multiplying the total mass of glass reinforcement (in kg/m²) by the 
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 coefficient determined from equation C6 and pre-calculated in Table C 5.
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is the ratio between the theoretical thickness t (mm) and the glass reinforcement mass (kg/m²). w is the mass of glass (kg/m²)n to obtain 1 mm of laminate.

Table C 5 — Values of t/w in function of 
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* kg/m² * kg/m² * kg/m² * kg/m²

0,25 2,89 0,346 0,35 1,94 0,516 0,45 1,41 0,710 0,55 1,07 0,932

0,26 2,76 0,362 0,36 1,87 0,534 0,46 1,37 0,731 0,56 1,05 0,957

0,27 2,64 0,378 0,37 1,81 0,553 0,47 1,33 0,752 0,57 1,02 0,981

0,28 2,53 0,395 0,38 1,75 0,571 0,48 1,29 0,773 0,58 0,99 1,006

0,29 2,43 0,411 0,39 1,69 0,590 0,49 1,26 0,795 0,59 0,97 1,031

0,30 2,34 0,428 0,40 1,64 0,610 0,50 1,22 0,817 0,60 0,95 1,057

0,31 2,25 0,445 0,41 1,59 0,629 0,51 1,19 0,839 0,61 0,92 1,083

0,32 2,16 0,463 0,42 1,54 0,649 0,52 1,16 0,862 0,62 0,90 1,109

0,33 2,08 0,480 0,43 1,50 0,669 0,53 1,13 0,885 0,63 0,88 1,136

0,34 2,01 0,498 0,44 1,45 0,689 0,54 1,10 0,909 0,64 0,86 1,164


NOTE 1
Table C 5 has been computed using densities respectively 2,56 and 1,2 for glass and resin, and no void content.

NOTE 2
Linear interpolation may be used between two adjacent tabulated values.

C.2.1
Example of thickness calculation 

A boatbuilder builds a craft in an open mould with the following laminate for the hull bottom: Gel Coat + 2 Mat 225+ 3(Rov-Mat 500/300) + Rov 500

The total amount of glass is 2x0,225 +3x0,8 +0,5= 3,35kg/m².

From Table C2, 

For Mat  = 0,30  (Simple surface),.and w 1 = 0,450  (kg/m²)

For Rov-mat  R is 0,6/1,6 = 0,38, therefore: (Simple surface),   = (0,47 -0,18 x 0,38) = 0,40 and w 2= 2,4 (kg/m²)

For Woven Roving,   = 0,48 (Simple surface) and w 3 = 0,5 (kg/m²)

From equation (C4) the overall glass content is:
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From equation (C6), the thickness/glass mass ratio is:
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and the theoretical thickness is 1,683 x 3,35 = 5,64 mm. 

This result could have been found by interpolation of data in Table C5.

C.3 Law of mixtures

C.3.1 Basic parameters


[image: image171.wmf]f

  = fibre content by volume
= fibre content by mass = w/P
f   = fibre density (kg/m3)
r = resin density (kg/m3)
t  = thickness of consolidated laminate or ply (fibre + resin)(mm)
w = glass fibre mass (kg/m²)

P = mass of laminate (kg/m²)
Ef= Elastic modulus of the fibre (N/mm2)
Er= Elastic modulus of the resin (N/mm2)

C.3.2 Calculation of the density of the laminate
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(C 1)

C.3.3  Calculation of fibre content by volume and by mass
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(C 3)

C.3.4 Combined fibreglass content

Where two layers of laminate with different fibreglass contents of 1 and 2 are used, the combined fibreglass content in mass can be calculated as 
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Laminate thickness as a function of fibreglass content

The thickness of a laminate is a function of fibreglass content by mass ( and by volume 
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where
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(C 6)

For glass and polyester 
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(C 7)

C.4
Elastic modulus for uni-directionnal fibre laminate (UD)

For one layer made out a unidirectional glass fibre the following apply

Along the fibre direction
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(C 8)
where  is the alignment coefficient = 0,9 for UD (see table C.6)

Perpendicularly to the fibre direction
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(C 9)

C.5
Elastic modulus for other fibre orientations

Formula (C8) with the values of a of Table C 6 may be used to calculate the mechanical properties of laminate with various fibre orientations

The calculation results of the formula given in Annex C have been calculated in Table C 7.

Table C 6 — Values of alignment coefficient
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Table C 7- Typical laminate calculations
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1,63

1,40 

  

 

41 080

72 360

0,36

0,55 

  

 

1,09 

      

 

1,69 

  

 

14 880

25 248

0,40 

   

 

1,92

1,29 

    

 

26 220

45 660

0,46 

  

 

1,54

1,42 

  

 

43 320

76 440

0,38

0,57 

  

 

1,03 

      

 

1,72 

  

 

15 540

26 484

0,43 

   

 

1,81

1,30 

    

 

27 510

48 030

0,48 

  

 

1,46

1,43 

  

 

45 560

80 520

0,40

0,59 

  

 

0,98 

      

 

1,74 

  

 

16 200

27 720

0,45 

   

 

1,72

1,30 

    

 

28 800

50 400

0,50 

  

 

1,39

1,44 

  

 

47 800

84 600

0,42

0,61 

  

 

0,93 

      

 

1,77 

  

 

16 860

28 956

0,47 

   

 

1,64

1,31 

    

 

30 090

52 770

0,52 

  

 

1,32

1,45 

  

 

50 040

88 680

0,44

0,63 

  

 

0,89 

      

 

1,80 

  

 

17 520

30 192

0,49 

   

 

1,57

1,31 

    

 

31 380

55 140

0,54 

  

 

1,26

1,46 

  

 

52 280

92 760

0,46

0,65 

  

 

0,85 

      

 

1,83 

  

 

18 180

31 428

0,51 

   

 

1,50

1,32 

    

 

32 670

57 510

0,56 

  

 

1,21

1,48 

  

 

54 520

96 840

0,48

0,66 

  

 

0,81 

      

 

1,85 

  

 

18 840

32 664

0,53 

   

 

1,44

1,32 

    

 

33 960

59 880

0,58 

  

 

1,16

1,49 

  

 

56 760

100 920

0,50

0,68 

  

 

0,78 

      

 

1,88 

  

 

19 500

33 900

0,55 

   

 

1,38

1,33 

    

 

35 250

62 250

0,60 

  

 

1,11

1,50 

  

 

59 000

105 000

0,52

0,70 

  

 

0,75 

      

 

1,91 

  

 

20 160

35 136

0,57 

   

 

1,33

1,33 

    

 

36 540

64 620

0,62 

  

 

1,07

1,51 

  

 

61 240

109 080


NOTE: When laminating by the same method, the fibre content by volume is almost independent of fibre type for carbon and glass. For example, wet lay-up, hand consolidation of roving typically gives  = 0,32, which corresponds to = 0,50 (glass) and  = 0,41 (carbon).  For cloth, the Figure is typically  = 0,37, which corresponds to = 0,55 (glass) and  = 0,47 (carbon).

However the wet-out properties of aramid fibres are poorer so the fibre content is often greater (i.e. less resin) than suggested by the Figures above for glass and carbon

Annex D 
(normative)

Sandwich mechanical core properties and sandwich calculations

D.1 Sandwich Core material mechanical properties

It is recommended to use core materials that have been tested by the builder of the core manufacturer. In that case, a test certificate according to D.1.1 shall be filed.

In the opposite case, the default values of  D.1.2 shall be used.

D.1.1 Tested core material mechanical properties

Where the mechanical properties used for the scantling determination are derived from tests, these tests shall be conducted in accordance with the applicable or appropriate International Standard. Where an International Standard does not exist, a national standard may be used instead.
The test specimen shall be representative of the product as used 

The density shall be determined according to ISO 845 

The shear strength shall be determined according to ISO 1922

The shear modulus shall be determined according to ASTM C393

The compressive strength shall be determined according to ISO 844

The compressive modulus of elasticity shall be determined according to DIN 53421

The values shall be taken as 85% of the mean value or this mean value minus two standard deviation, whichever is the smaller

D.1.2 Non-tested core material properties

Where the mechanical properties of sandwich cores have not been verified by tests the respective properties shall be taken from Table D1:

Table D 1 — Mechanical properties for sandwich core material

	Core Type
	Density 
range 
c
(kg/m3)
	Shear Strength 
u
(N/mm2)
	Shear Modulus a) 
Gc 
(N/mm2)
	Compressive Strength 
uc
(N/mm2)
	Compressive Modulus a) 
Ec
(N/mm2)

	End grain balsa
	90 - 220
	0,014.(c
	0,86.(c
	0,065.(c
	21.(c

	Cross-linked PVC foam ‘H’ type
	48 - 250
	0,011.(c
	0,28.(c
	1,3 10-3 c 1,5
	0,80.(c

	Linear PVC foam
	 50 -200
	0,010.(c
	0,20.(c
	9 10-3 c 1,5
	0,50.(c

	SAN (Styrene Acrylo Nitrile)
	60-210
	0,017 c -2.10-5 c2 -0.613
	0,46 c -20
	6,7 10-4 c 1,59
	0,024 c 1,75

	a
These values are to be used to establish the skin buckling strength (see Equation (44) )


Table D 2 — Calculated values from table D.1
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D.1.3 Minimum core shear strength

The value of the design shear strength of the core, as used in 8.4.2 and derived from D.1.1 or D.1.2 and table 12, shall be at least according to Table D.3

Table D 3 — Minimum design core shear according to boat length

	LH         (m)
	< 10
	10 to ≤15
	15 to 24

	d min   (N/mm²)
	0,25
	0,25 + (LH-10).0,03
	0,40


NOTE
These values of d min of 0,25 and 0,40 correspond respectively to cross-linked PVC cores of 50 and 75 kg/m3.

D.2  Sandwich equations

The core is considered ineffective in carrying any bending moment and is only capable of transmitting shear force.
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Figure D 1 — Sandwich schematic sketch

D.2.1 Equations for general sandwich sections
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where

· t0 and ti 
are respectively the thickness of the outer and inner skins of the sandwich
(mm)

· dc

is the core thickness












(mm)

D.2.2 Approximations
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The approximations given in the above equations are only valid if the outer and inner skins are made with the same material with similar layups and 
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D.2.3 Equations for symmetrical sandwich
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D.3 Sandwich pre calculated Tables and Figures

The Section moduli SM (cm3/cm) are given in Table D4 and Figure D2

The Second moment 
[image: image207.wmf]I

(cm4/cm) are given in Table D5 and Figure D 3

Table D 4 - Values of approximated Section Moduli (cm3/cm) of symmetrical sandwiches
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Figure D 2 — Graph of approximated Section Moduli (cm3/cm) of symmetrical sandwiches
Table D 5 - Values of approximated Second Moment I (cm4/cm) of symmetrical sandwiches
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Figure  D 3 — Graph of approximated Second Moment I (cm4/cm) of symmetrical sandwiches

Annex E SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 
(normative)

Wood laminate properties and wood calculations

E.1 Wood laminates

This International Standard applies to three types of laminated wood construction – plywood (E.1.1), moulded veneer (E.1.2) and strip planking (E.1.3).

In each case the wood plies shall be bonded by a structural adhesive, and at the construction stage the wood shall be effectively encapsulated to stabilise the long term moisture content.

Lightweight sheathings of 200-300 g/m2 fibreglass are usually employed. Lower mass of sheathing is considered too light, heavier sheathing is unnecessary unless considered as part of the working material and analysed under Annex H. A construction with a wood core and composite skins in excess of that required in 8.4 is not included in this Annex, (See Annex H, assuming a structurally effective core, i.e. not as a sandwich construction).
E.1.1 Plywood

Prefabricated, laminated plies (minimum 5) alternately orientated at 0/90 degrees and generally arranged such that the outer face grain is either parallel or perpendicular to the sides of the panel.

[image: image212.wmf]b
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Outer face perpendicular with b direction 

Outer face parallel with b direction

The example shows a plywood with 5 plies

Figure E 1 — Plywood sheet-ply orientation 

E.1.2 Moulded in-situ veneers

Moulded thin veneers, orientated at (45 degrees to the panel sides, comprising at least 3 plies. The outer ply may run parallel or perpendicular to the panel sides

[image: image213.wmf]b
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All veneers run at ± 45° with b direction 

Veneers run at ± 45° with b direction b direction












except final veneer

The example shows 4 veneers

Figure E 2 — Moulded veneers orientation 

E.1.3 Strip planking

Narrow planks are glued edgewise and may be butt jointed and generally run fore and aft and are supported by transverse frames. Strip-planking combined with ( 45° veneers where the hull is strip-planked and finished off with a number of thin veneers are also included.

For all but strip-plank with 1mm glass skins inside and out, the thickness requirement from equation (39) refers to the total thickness of wood (strip-plank and veneers) exclusive of any lightweight sheathing.
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b

l

b


1 mm (800 g/m²) glass sheathing inside and 
   Two ± 45° veneers on thick strip planking



outside of strip planking.

Figure E 3 — Strip planking with heavy fibre sheathing or veneers

E.2 Wood laminate mechanical properties

E.2.1 Tested properties

Where the mechanical properties used for the scantling determination are derived from tests, these tests shall be conducted in accordance with the applicable or appropriate International Standard. Where an International Standard does not exist, a national standard may be used instead. 

The mechanical properties obtained from tests on small, clear, straight-grained samples using the same ply sequence as the as used material. uf used in the calculations shall be 80% of the mean ultimate strength or mean ultimate strength minus two standard deviations whichever is the lower.

E.2.2 Non-tested properties

(uf  shall be obtained from:

· using manufacturers’ data which corresponds to guaranteed minimum values;

· using 80% of typical manufacturers’ data for plywood;

· laminate stack analysis where the method has been verified against previous test data (see Annex H), and where the input mechanical properties of each solid wood ply are to be taken as no greater than 80% of average of typical values;

· using the equations given in Table E2, which supply prediction equations for the three types of construction covered and mechanical wood properties taken from Table E 1.

The mechanical properties of non-tested plain woods to be used in the scantling calculation shall be obtained from Table E 1 

The mechanical properties of non-tested wood panels: plywood, ±45° cold moulded veneers, and strip planking shall be obtained from Table E 2 and are computed for typical cases in Tables E 3 and E 4.

Table E 1 — Mechanical properties of typical wood species

[image: image215.emf]WOOD SPECIES
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
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SOFTWOOD
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 // grain  // grain  // grain

Common Name Scientific name

kg/m

3

N/mm² N/mm² N/mm²

Fir, Douglas Pseudotsuga menziesii 520 74 41 8,9

Larch, European Larix decidua 545 74 37 9,8

Pine, Yellow Pinus strobus 433 64 34 7,5

Cedar, Western Red Thuja plicata 368 52 28 6,8

Redwood, Baltic Pinus sylvestris 481 67 36 9,1

Spruce, European Picea abies 400 52 28 7,6

Spruce, Sitka Picea stitchensis 384 53 29 6,9

Other woods



0,137 



0,073 



0,019 



Softwood  - Elastic modulus // grain

 E  (N/mm²) = 19,5 



Density



uf



uc



u

HARDWOOD



 // grain  // grain  // grain

Common Name Scientific name

kg/m

3

N/mm² N/mm² N/mm²

Aspen, European Populus tremula 460 62 38 6,2

Afrormosia Pericopsis elata 737 108 57 13,1

Afzelia Afzelia sp. 817 100 63 13,2

Agba

Gossweilerodendron balsamiferum

497 65 35 9,3

Ekki (Azobe) Lophira alata 1037 142 72 18,6

Iroko Chlorophora excelsa 657 72 43 11,3

Jarrah Eucalptus marginata 865 94 51 13,3

Kapur Dryobalanops beccarii 705 93 53 10,1

Karri Eucalyptus diversicolor 913 111 60 13,3

Keruing Dipterocarpus caudiferus 641 88 48 9,8

Mahogany, African Khaya anthotheca 513 67 36 10,0

Mahogany, American Swietenia marcrophylla 497 67 36 10,1

Makore Tieghemella heckelii 609 81 43 11,5

Meranti, light red Shorea dasyphylla 481 70 40 8,0

Oak, European Quercus spp. 689 77 41 10,9

Opepe Nauclea diderrichii 753 96 58 13,7

Sapele Entandrophragma cylindricum 673 89 47 14,3

Teak Tectona grandis 641 84 48 11,8

Utile (Sipo) Entandrophragma utile 641 83 48 13,5

Other woods



0,130 



0,070 



0,018 



Hardwood  - Elastic modulus // grain

 E  (N/mm²) = 17,5 




NOTE
The values presented in Table E 1 correspond to 80 % of mean values obtained from tests on small, essentially defect-free samples.  The values shall be used with allowable stress factors as given in Table 10.

Table E 2 — Ultimate flexural strengths and flexural moduli for laminated wood panels

	Specifications
	Ultimate flexural strength uf //(N/mm2)
	Flexural modulus  c)
Ef  N/mm2)

	Plywood

	Parallel to face grain a)
	SG0.5 (68-2.Nply + 0,03.Nply2)
	SG0.75(11400-580.Nply+16.Nply2)

	Perpendicular to face grain b)
	SG0.5(11+6,5.Nply–0,28.Nply2)
	SG0.75(1320Nply – 55.Nply2-1200)

	SG is the specific gravity (density in kg/m3/1000) of the plywood in question.  It is intended that this Figure should be obtained by measurement of actual samples. This Figure will include the presence of glue lines and may exceed the density of the base wood by 10%+.

Nply is the number of plies, presumed to be an odd number between 5 and 15.  

a) The parallel to the face grain value is to be used in equation (39) when the face grain runs parallel to the SHORT panel side.  

b)  The perpendicular to the face grain value are to be used in equation (39) when the face grain runs at 90° to the SHORT panel side.

c) Flexural modulus is to be used when calculating the effective extent of attached plating for stiffener assessments.

	( 45 cold-moulded veneers

	All plies at (45 to short panel side
(valid in both short and long panel directions)
	0,3 (uf of parent wood
	0,2 Ef of parent wood

	Final ply running at 90° to the short panel side

In short panel direction

In long panel direction
	
(0,01 Nply+ 0,17) (f 
of parent wood

Not relevant for panel d)
	
(0,006 Nply + 0,14) Ef 
of parent wood

0,35 Ef of parent wood

	d) If the final ply runs parallel to the SHORT panel side, analysis using Annex H should be used.  However, the formula for all plies at (45 to short panel side may be used as a conservative estimate.

	Strip planking

	The grain of the strip-plank is presumed to run parallel to the short panel side
	1,6 ((L/(s)0,5 (uf   of strip-plank e)
	f)

	e)  ((L/(s) is the ratio of the strength of the panel in the long panel direction to that in the short panel direction.  It is not to be taken greater than 0,39.

f)  For purposes of calculating the effective extent of attached plating for stiffener assessments, the flexural modulus perpendicular to the grain of the strip-plank, may be taken as ((L/(s) x flexural modulus of strip-plank

	Typical (L/(s values:

For strip-plank with a very light sheathing:  0,07

For strip-plank with 1mm + sheathing, inside and out:  0,14

For strip plank with (45 veneers, where the veneer thickness < 50% of the strip plank thickness: 0,20

Note: These Figures for (L/(s and the use of the strip plank flexural strength are intended to be conservative.  Better estimates may be obtained by testing or using the method of Annex H

	Flexural moduli of parent (solid) wood may be obtained from: 
Softwood:  Ef = 19,5 (,              Hardwood:  Ef = 17,5 (


Table  E 3 — Pre-calculated values of plywood properties according to Table E2 
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Ef parallel Ef perpend

kg/m

3

N/mm² N/mm² N/mm² N/mm²

5 37 23 4 476 2 024

400 7 35 27 4 086 2 688

9 33 30 3 760 3 131

11 31 31 3 499 3 352

5 39 24 4 890 2 211

450 7 37 29 4 464 2 937

9 35 31 4 108 3 420

11 33 33 3 822 3 662

5 42 26 5 292 2 393

500 7 39 30 4 831 3 178

9 37 33 4 445 3 701

11 35 34 4 136 3 963

5 44 27 5 684 2 571

550 7 41 32 5 189 3 414

9 39 35 4 775 3 976

11 37 36 4 443 4 257

5 46 28 6 067 2 744

600 7 43 33 5 538 3 644

9 41 36 5 097 4 244

11 38 38 4 742 4 544


Table E 4  — Pre-calculated values of cold moulded ±45° veneers according to Table E2 

[image: image217.emf]s

 f short
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 f long

Ef   short Ef  long

Wood common name Nb of plies direction direction direction direction

N/mm² N/mm² N/mm² N/mm²

All plies at  +-45° to short panel side

Western red cedar any 17 17 1 435 1 435

Mahogany, African any 23 23 1 796 1 796

Final ply at 90°  to short panel side

3 12 NR 1 134 2 512

Western red cedar 4 12 NR 1 177 2 512

5 13 NR 1 220 2 512

3 15 NR 1 418 3 142

Mahogany, African 4 16 NR 1 472 3 142

5 17 NR 1 526 3 142


E.3 Laminated wood calculation examples

This Annex provides examples of scantling assessment based on the default mechanical properties of Tables E1 and E2, and computed values from Tables E 3 and E 4.  Where alternative data sources are used, these values may be substituted in place of the default mechanical properties.

Example 1: Design of sheet plywood 

Determine plywood density  [600 kg/m3] and number of plies [7].

Determine flexural strength for the two orientations from Table E 1 or E 2:

(// to outer face = SG0.5 (68-2.Nply + 0,03.Nply2) = 0,60.5 (68-2.7 + 0,03.72)  =   43 N/mm²

(( to outer face SG0.5(11+6,5.Nply– 0,28.Nply2) = 0,60.5(11+6,5.7– 0,28.72) =  33 N/mm²

Determine whether the outer plywood face runs parallel or perpendicular to the short panel side [perpendicular].

Use equation (39) to determine the required thickness.
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Example 2: Design of in-situ moulded veneers 

Determine veneer density  [513 kg/m3] before moulding and determine ultimate flexural strength parallel to the grain from Table E.2 using the ‘other woods’ equation or pick off the actual wood.

For khaya;  (uf //  to grain = 67 N/mm² or 0,130 x 513 = 67 N/mm².

Determine whether the outer veneer face runs perpendicular or at 45 degrees to the short panel side [perpendicular] and the number of plies [4].   

Determine the flexural strength; 

(uf//   to short panel side =  (0,01 Nply + 0,17) (uf f of parent wood = (0,01 . 4 + 0,17) . 67 = 14 N/mm²

NOTE
If all veneers are at ± 45 °, (// to short panel side =  0,3 (uf of parent wood = 0,3. 67 = 20 N/mm²

Use equation (39) to determine the required thickness.
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Example 3: Design of strip-plank 

Determine strip-plank density  [368 kg/m3] before moulding and determine ultimate flexural strength parallel to the grain from Table E.1 using the ‘other woods’ equation or pick off the actual wood.

For western red cedar;     (uf //   to grain = 52 N/mm² or 0,137 x 368 = 50 N/mm².

Determine whether the configuration is:

Strip-plank only 

Strip-plank with 1mm FRP faces

Strip-plank with ± 45° veneers [yes]

Select (L/(s value from Table E 2 [0,2].

Calculate the ultimate flexural strength 1,6 ((L/(s)0,5 . (f of  strip-plank = 1,6 . 0,20.5 . 50 = 36 N/mm².

Use equation (39) to determine the required thickness.
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NOTE
For strip-plank only, the ultimate flexural strength 1,6 ((L/(s)0,5 . (uf of  strip-plank = 1,6 . 0,070.5 . 50 = 21 N/mm² and the required thickness would be 43mm.

Annex F 
(normative)
SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 
Mechanical properties of metals

For the purpose of this part of ISO 12215, the following mechanical properties of metals may be used.

The mechanical properties displayed in Table F.1 shall be used for the metals in the table, for other metals one shall use ISO 12215-3.

Table F 1 — Mechanical properties of metals

[image: image224.emf]DESIGN STRESS FOR PLATING       Values in N/mm²

Material ISO or other

Mild Steel

s

d

s

y

s

ut

A42 212 235 400

Aluminium Alloys (Non heat treatable)

s

d

s

y

s

ut

5154 A Al Mg 3,5 77 85 215

5086 AlMg4 90 100 240

5083 Al Mg 4,5 Mn 113 125 275

DESIGN STRESS FOR STIFFENERS       Values in N/mm²

Mild Steel

s

d

s

y

s

ut

t

d

A42 188 235 400 106

Aluminium Alloys  (Non heat treatable)

s

d

s

y

s

ut

t

d

5083 Al Mg 4,5 Mn 88 125 275 56

Aluminium Alloys  (Heat treatable)

s

d

s

y

s

ut

t

d

6005 A T5 Al Mg Si 0,7 87 124 149 56

6060 T6  Al Mg Si 0,5 58 83 105 37

6061 T6  Al Mg 1 Si Cu 92 132 143 59


Annex G 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Geometric properties of stiffeners

G.1 General

The geometric properties of stiffeners may be determined using the following tables. Intermediate values may be derived by interpolation.

G.2 Glass Reinforced Plastic 

G.2.1 General

The stiffener laminate is Mat with  = 30%. The plating is also supposed to be all mat with an effective plating  width of 20 times the plating thickness, plus the top hat width. The former is covered by a laminate having a dry glass weight (kg/m²) in column 6.

The section modulus SM, (cm3), the shear web area (cm²) and the second moment around neutral axis INA (cm4) are respectively given in columns 7, 8 and 9.

If the stiffener spacing is smaller than the width of associated plating of column 5, the geometric properties would need to be assessed using Annex H.

G.2.2 "Squat" former top hats

"Squat" top hats have a Top width (flange) 0,85 times the base width  bc= 0,85 bb and a height h =0,7 bb
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Figure G 1 — Sketch of a "squat" top hat

Table G 1 — "Squat" top hats properties

[image: image226.emf]1 2 3 4 5 6 7 8 9

Plating Assoc  plating Stiffener

h

b

b

b

c

t

p

 20 t

p

+b

b

Laminate

SM

min

A

w

I

NA

mm mm mm mm mm

kg/m

2

cm

3

cm

2

cm

4

5 136 0,600 1,8 0,7 5

25 36 30 10 236 0,600 2,7 0,7 8

15 336 0,600 5,1 0,7 17

5 160 0,600 4,5 1,1 17

40 60 50 10 260 0,600 5,4 1,1 24

15 360 0,600 7,5 1,1 36

5 175 0,900 10,4 2,1 46

50 75 65 10 275 0,900 11,8 2,1 62

15 375 0,900 14,1 2,1 80

5 190 1,200 18,8 3,4 92

60 90 75 10 290 1,200 21,1 3,4 127

15 390 1,200 23,8 3,4 157

5 200 1,200 27,1 4,2 159

75 100 85 10 300 1,200 30,1 4,2 218

15 400 1,200 32,9 4,2 261

5 250 1,800 73,0 8,4 502

100 150 125 10 350 1,800 81,2 8,4 715

15 450 1,800 86,7 8,4 855

5 275 2,100 125,3 12,3 1 000

125 175 150 10 375 2,100 139,9 12,3 1 445

15 475 2,100 148,6 12,3 1 739

5 320 2,700 231,3 18,9 2 030

150 220 190 10 420 2,700 259,8 18,9 2 975

15 520 2,700 276,1 18,9 3 638

Dimensions of former Geometric properties


NOTE
This table is only fully valid if the stiffener spacing is greater than the associated plating width (column 5)

G.2.3 "Square" former top hats

Square top hats have a Top width (Crown) 0,85 times the base width  bc= 0,85 bb and a height h = bb
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Figure G 2 — Sketch of a "square" top hat

Table G 2 — Square" top hats properties

[image: image228.emf]1 2 3 4 5 6 7 8 9

Plating Ass plating Stiffener

h

b

b

b

c

t

p

 20 t

p

+b

b

Laminate

SM

min

A

w

I

NA

mm mm mm mm mm

kg/m

2

cm

3

cm

2

cm

4

5 125 0,600 1,5 0,7 4

25 25 20 10 225 0,600 2,2 0,7 7

15 325 0,600 4,6 0,7 15

5 140 0,600 3,6 1,1 14

40 40 35 10 240 0,600 4,4 1,1 20

15 340 0,600 6,3 1,1 30

5 150 0,900 8,2 2,1 36

50 50 45 10 250 0,900 9,5 2,1 50

15 350 0,900 11,5 2,1 66

5 160 1,200 14,5 3,4 72

60 60 50 10 260 1,200 16,6 3,4 101

15 360 1,200 18,9 3,4 126

5 175 1,200 22,8 4,2 135

75 75 65 10 275 1,200 25,6 4,2 187

15 375 1,200 28,2 4,2 225

5 200 1,800 56,2 8,4 391

100 100 85 10 300 1,800 63,7 8,4 567

15 400 1,800 68,6 8,4 683

5 225 2,100 98,3 12,3 798

125 125 105 10 325 2,100 111,7 12,3 1 169

15 425 2,100 119,6 12,3 1 414

5 250 2,700 172,5 18,9 1 557

150 150 125 10 350 2,700 198,0 18,9 2 309

15 450 2,700 212,6 18,9 2 845

Dimensions of former Geometric properties


NOTE
This table is only fully valid if the stiffener spacing is greater than the associated plating width (column 5)
G.2.4 "Tall" former top hats

"Tall" top hats have a Top width (Crown) equal to the base width  bc= bb and a height h  
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Figure G 3 — Sketch of a "tall" top hat

Table G.3 — "Tall" top hats properties

[image: image230.emf]1 2 3 4 5 6 7 8 9

Plating Ass plating Stiffener

h

b

b

b

c

t

p

 20 t

p

+b

b

Laminate

SM

min

A

w

I

NA

mm mm mm mm mm

kg/m

2

cm

3

cm

2

cm

4

5 150 1,800 41,3 8,4 289

100 50 50 10 250 1,800 48,4 8,4 434

15 350 1,800 52,7 8,4 529

5 150 2,100 64,7 12,3 532

125 50 50 10 250 2,100 77,1 12,3 816

15 350 2,100 84,1 12,3 1 006

5 150 2,700 103,6 18,9 960

150 50 50 10 250 2,700 126,2 18,9 1 496

15 350 2,700 139,1 18,9 1 893

5 175 2,700 125,5 18,9 1 140

150 75 75 10 275 2,700 149,5 18,9 1 751

15 375 2,700 163,2 18,9 2 199

5 175 3,000 160,5 24,5 1 675

175 75 65 10 275 3,000 193,5 24,5 2 557

15 375 3,000 213,0 24,5 3 243

5 175 3,600 239,4 33,6 2 713

200 75 75 10 275 3,600 289,9 33,6 4 102

15 375 3,600 322,1 33,6 5 296

5 200 3,600 276,9 33,6 3 081

200 100 100 10 300 3,600 330,5 33,6 4 626

15 400 3,600 364,0 33,6 5 934

5 200 4,200 432,8 49,0 5 836

250 100 100 10 300 4,200 517,5 49,0 8 506

15 400 4,200 576,2 49,0 11 005

5 200 5,100 667,6 71,5 10 571

300 100 100 10 300 5,100 792,2 71,5 14 779

15 400 5,100 890,3 71,5 19 131

Dimensions of former Geometric properties


NOTE
This table is only fully valid if the stiffener spacing is greater than the associated plating width (column 5)

G.3 Round bilges and hard chines 

These stiffeners may be made of any material (FRP, Metal Plywood, etc)
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Figure G 4 — Sketch of round bilge and hard chine stiffeners

Table G 4 — "Round bilge" 150 x150 mm

[image: image232.emf]Circles Arcs  150 mm x 150 mm x tp

Plating Arc I SM

thickness Ext Radius

mm mm cm4 cm3

5 300 19,6 7,3

5 200 42,2 11,0

5 150 69,0 14,4

6 300 23,5 8,8

6 200 50,6 13,3

6 150 82,8 17,2

7 300 27,4 10,3

7 200 59,1 15,5

7 150 96,5 20,1

8 300 31,3 11,8

8 200 67,5 17,7

8 150 110,3 23,0




Table G 5 — "Hard chine" 150 x150 mm

[image: image233.emf]Angles 150 mm x 150 mm x tp

 

Plating Angle S I xg from  Vtop Vbott V max SM

thickness tp outside angle

mm degree cm² cm4 cm cm cm cm cm3

5 120 15,11 72,28 4,01 4,01 4,06 4,06 17,8

5 130 15,11 51,73 3,46 3,43 3,46 3,46 15,0

5 140 15,09 33,82 2,85 2,82 2,85 2,85 11,9

5 150 15,07 19,41 2,21 2,19 2,21 2,21 8,8

5 160 15,04 8,87 1,61 1,55 1,61 1,61 5,5

6 120 18,13 86,74 4,01 4,01 4,06 4,06 21,4

6 130 18,13 62,08 3,46 3,43 3,46 3,46 17,9

6 140 18,11 40,58 2,85 2,82 2,85 2,85 14,2

6 150 18,08 23,29 2,21 2,19 2,21 2,21 10,5

6 160 18,05 10,64 1,61 1,55 1,61 1,61 6,6

7 120 21,15 121,43 4,01 4,01 4,06 4,06 29,9

7 130 21,15 72,42 3,46 3,43 3,46 3,46 20,9

7 140 21,13 47,35 2,85 2,82 2,85 2,85 16,6

7 150 21,10 27,17 2,21 2,19 2,21 2,21 12,3

7 160 21,06 12,42 1,61 1,55 1,61 1,61 7,7

8 120 24,18 194,29 4,01 4,01 4,06 4,06 47,9

8 130 24,18 82,77 3,46 3,43 3,46 3,46 23,9

8 140 24,14 54,11 2,85 2,82 2,85 2,85 19,0

8 150 24,11 31,06 2,21 2,19 2,21 2,21 14,1

8 160 24,06 14,19 1,61 1,55 1,61 1,61 8,8


G.4 Metal hull stiffeners
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Figure G 5 — Sketch of commercially available extruded L or T and flat bar stiffeners

NOTE
In Figure G5 and Table G6 h is measured from the top of plating to the top of the stiffener flange
Table G 6 — Minimum section modulus of extruded L or T and angle and flat bar 

[image: image235.emf]COMMERCIALLY AVAILABLE EXTRUDED L OR T FLAT BAR

Section Thickness of attached plating Section Thickness of attached plating

D x B x t 4mm 6mm 8mm D x t 4mm 6mm 8mm

30x30x4 4,2 4,6 5,0 30x4 1,4 1,6 1,9

40x40x5 9,1 9,6 10,2 40x4 2,3 2,5 2,8

50x50x5 14,4 15,1 15,8 50x5 4,3 4,6 5,0

60x60x6 24,2 25,4 26,3 60x5 6,1 6,4 6,8

70x70x6 33,2 34,7 35,9 60x6 7,2 7,7 8,1

80x80x6 43,6 45,4 46,9 70x7 11,1 11,7 12,3

90x90x8 69,2 72,6 75,2 80x7 14,2 15,0 15,7

100x75x8 69,2 72,6 75,1 90x8 19,9 21,1 22,1

125x75x8 92,8 97,5 100,8 100x9 26,9 28,6 29,9

150x100x8 143,1 150,5 155,7 125x10 44,4 47,4 49,7
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Figure G 6 — Sketch of a fabricated L or T shaped stiffeners
NOTE
In Figure G6 and Table G7 h is measured from the top of plating to the bottom of the stiffener flange
Table G 7 — Minimum section modulus of Tee Bars and second moment 

[image: image237.emf]FABRICATED  L OR T SECOND MOMENT AREA

Section Thickness of attached plating The scantlings of steel and aluminium sections are normally

D x tw + B x tf 4mm 6mm 8mm normally decided to meet the Section Modulus requirements

100X6+50X8 54,3 56,7 58,5 The Second  moment may be estimated with  I (cm

4

) =  k Z 

n 

150x6+100X8 145,1 151,7 156,2

Where Z is the section modulus (cm

3

) from the Tables.

200x8+100X10 251,1 265,1 274,7 Stiffener Type k n

250x10+100x12 389,5 413,5 430,7 Angle bar 1,7 1,35

300x12+100x15 584,9 622,0 650,0 Flat bar 2,6 1,40


NOTE on Tables G6 and G7 
According to Table 16, the effective plating is respectively 80 tp for steel and 60 tp for aluminium. For simplification, the tables are calculated for a 300 mm wide effective plating, which will give in theory very slightly optimistic or pessimistic results according to the case. The 300 mm value is also a practical upper limit for stiffener spacing.
G.5 Wood

G.5.1 Wood stiffeners
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Figure G 7 — Sketch of solid wood stiffener

Table G 8 — Properties of Wood Stiffeners (1) 

[image: image239.emf]FLOATING STIFFENER  STIFFENER ON 45° VENEERS

K

E0-90

0,00 K

E0-90

0,25

Section Geometric Section Geometric

h  x  t

w

Property 10mm 20mm 30mm h  x  t

w

Property 10mm 20mm 30mm

25 x 25 SM

min

 (cm

3

) 2,6 2,6 2,6 25 x 25 SM

min

 (cm

3

) 5,8 11,0 19,2

I (cm

4

) 3,3 3,3 3,3 I (cm

4

) 11,5 31,5 68,4

30 x 30 SM

min

 (cm

3

) 4,5 4,5 4,5 30 x 30 SM

min

 (cm

3

) 8,8 15,6 24,8

I (cm

4

) 6,7 6,7 6,7 I (cm

4

) 19,1 48,6 96,0

40 x 40 SM

min

 (cm

3

) 10,7 10,7 10,7 40 x 40 SM

min

 (cm

3

) 17,3 28,5 41,1

I (cm

4

) 21,3 21,3 21,3 I (cm

4

) 44,6 101,2 180

50 x 50 SM

min

 (cm

3

) 20,8 20,8 20,8 50 x 50 SM

min

 (cm

3

) 30,0 46,7 64,0

I (cm

4

) 52,1 52,1 52,1 I (cm

4

) 90,0 184 307

60 x 60 SM

min

 (cm

3

) 36,0 36,0 36,0 60 x 60 SM

min

 (cm

3

) 47,8 70,6 93,9

I (cm

4

) 108 108 108 I (cm

4

) 165 306 486

75 x 50 SM

min

 (cm

3

) 47 47 47 75 x 50 SM

min

 (cm

3

) 60 86 111

I (cm

4

) 176 176 176 I (cm

4

) 256 451 691

100 x 50 SM

min

 (cm

3

) 83 83 83 100 x 50 SM

min

 (cm

3

) 101 136 170

I (cm

4

) 417 417 417 I (cm

4

) 555 889 1 293

125 x 50 SM

min

 (cm

3

) 130 130 130 125 x 50 SM

min

 (cm

3

) 152 196 240

I (cm

4

) 814 814 814 I (cm

4

) 1 025 1 538 2 155

150 x 50 SM

min

 (cm

3

) 187 187 187 150 x 50 SM

min

 (cm

3

) 213 268 322

I (cm

4

) 1 406 1 406 1 406 I (cm

4

) 1 707 2 437 3 317

200 x 75 SM

min

 (cm

3

) 500 500 500 200 x 75 SM

min

 (cm

3

) 539 626 716

I (cm

4

) 5 000 5 000 5 000 I (cm

4

) 5 598 7 023 8 669

250 x 75 SM

min

 (cm

3

) 781 781 781 250 x 75 SM

min

 (cm

3

) 830 938 1 052

I (cm

4

) 9 765 9 765 9 765 I (cm

4

) 10 689 12 878 15 396

300 x 75 SM

min

 (cm

3

) 1 125 1 125 1 125 300 x 75 SM

min

 (cm

3

) 1 183 1 313 1 451

I (cm

4

) 16 874 16 874 16 874 I (cm

4

) 18 193 21 311 24 890

200 x 100 SM

min

 (cm

3

) 667 667 667 200 x 100 SM

min

 (cm

3

) 711 807 901

I (cm

4

) 6 666 6 666 6 666 I (cm

4

) 7 335 8 873 10 511

250 x 100 SM

min

 (cm

3

) 1 500 1 500 1 500 250 x 100 SM

min

 (cm

3

) 1 565 1 707 1 847

I (cm

4

) 22 499 22 499 22 499 I (cm

4

) 23 971 27 306 30 784

300 x 100 SM

min

 (cm

3

) 1 500 1 500 1 500 300 x 100 SM

min

 (cm

3

) 1 565 1 707 1 847

I (cm

4

) 22 499 22 499 22 499 I (cm

4

) 23 971 27 306 30 784

IMPORTANT NOTE: These tables assume that the maximum spacing of stiffeners (centre to centre)

is never greater than 450mm.  Where the spacing exceeds this value, the above SM and I values will be conservative

Thickness of attached plating (t

p

) Thickness of attached plating (t

p

)


Table G 9 — Properties of Wood Stiffeners (2) 

[image: image240.emf]PLYWOOD PLATING, SOLID STIFFENER PLATING AND STIFFENER GRAIN ALIGNED

K

E0-90

0,50 K

E0-90

1,00

Section Geometric Section Geometric

h  x  t

w

Property 10mm 20mm 30mm h  x  t

w

Property 10mm 20mm 30mm

25 x 25 SM

min

 (cm

3

) 6,7 13,0 25,8 25 x 25 SM

min

 (cm

3

) 7,4 16,3 38,6

I (cm

4

) 15,1 40,6 97,1 I (cm

4

) 18,8 53,8 149,7

30 x 30 SM

min

 (cm

3

) 10,2 17,9 31,1 30 x 30 SM

min

 (cm

3

) 11,4 21,1 42,7

I (cm

4

) 25,5 61,9 128,8 I (cm

4

) 32,2 78,2 183,9

40 x 40 SM

min

 (cm

3

) 20,3 32,3 47,7 40 x 40 SM

min

 (cm

3

) 23,0 36,3 58,1

I (cm

4

) 59,4 130,6 230,4 I (cm

4

) 77,2 160,6 298

50 x 50 SM

min

 (cm

3

) 34,9 53,4 72,8 50 x 50 SM

min

 (cm

3

) 40,1 59,3 83,5

I (cm

4

) 117,2 242,4 394,6 I (cm

4

) 153,7 301 491

60 x 60 SM

min

 (cm

3

) 55,0 81,6 106,8 60 x 60 SM

min

 (cm

3

) 63,5 91,1 119,8

I (cm

4

) 208 408 634 I (cm

4

) 272 516 785

75 x 50 SM

min

 (cm

3

) 69 99 125 75 x 50 SM

min

 (cm

3

) 79 110 138

I (cm

4

) 319 596 891 I (cm

4

) 413 750 1 086

100 x 50 SM

min

 (cm

3

) 113 157 192 100 x 50 SM

min

 (cm

3

) 129 175 211

I (cm

4

) 670 1 169 1 681 I (cm

4

) 850 1 490 2 059

125 x 50 SM

min

 (cm

3

) 168 226 274 125 x 50 SM

min

 (cm

3

) 191 255 301

I (cm

4

) 1 207 2 005 2 814 I (cm

4

) 1 506 2 573 3 481

150 x 50 SM

min

 (cm

3

) 234 308 368 150 x 50 SM

min

 (cm

3

) 263 349 407

I (cm

4

) 1 972 3 142 4 334 I (cm

4

) 2 418 4 045 5 413

200 x 75 SM

min

 (cm

3

) 573 708 826 200 x 75 SM

min

 (cm

3

) 630 810 939

I (cm

4

) 6 155 8 642 11 207 I (cm

4

) 7 159 11 075 14 498

250 x 75 SM

min

 (cm

3

) 873 1 049 1 206 250 x 75 SM

min

 (cm

3

) 947 1 195 1 375

I (cm

4

) 11 560 15 473 19 544 I (cm

4

) 13 162 19 554 25 250

300 x 75 SM

min

 (cm

3

) 1 236 1 453 1 652 300 x 75 SM

min

 (cm

3

) 1 328 1 647 1 885

I (cm

4

) 19 449 25 115 31 061 I (cm

4

) 21 790 31 299 39 947

200 x 100 SM

min

 (cm

3

) 750 905 1 038 200 x 100 SM

min

 (cm

3

) 817 1 035 1 191

I (cm

4

) 7 964 10 713 13 391 I (cm

4

) 9 118 13 607 17 427

250 x 100 SM

min

 (cm

3

) 1 625 1 869 2 083 250 x 100 SM

min

 (cm

3

) 1 732 2 107 2 383

I (cm

4

) 25 383 31 548 37 551 I (cm

4

) 28 045 38 694 47 948

300 x 100 SM

min

 (cm

3

) 1 625 1 869 2 083 300 x 100 SM

min

 (cm

3

) 1 732 2 107 2 383

I (cm

4

) 25 383 31 548 37 551 I (cm

4

) 28 045 38 694 47 948

IMPORTANT NOTE: These tables assume that the maximum spacing of stiffeners (centre to centre)

is never greater than 450mm.  Where the spacing exceeds this value, the above SM and I values will be conservative

Thickness of attached plating (t

p

) Thickness of attached plating (t

p

)


G.5.2 General

Assessment of flat bar stiffeners attached to plating may be carried out using the following formulae and procedures.  A worked example is included to demonstrate the method. 

Fabricated Tee-section stiffeners produced for example by gluing flange pieces either side of a plywood web, may be analysed using the methods of Annex H. 
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is the ratio between in plane elastic modulus of attached plating parallel to stiffener axis / in plane elastic modulus of the stiffener
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is the flat bar thickness
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is the flat bar depth 
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NOTE
Section moduli and second moment of area for a stiffener and attached plating are transformed into a homogeneous combination having the elastic  modulus of the stiffener.

Typically for wooden construction;

kE0-90  = 0,2 for (45 degree veneers, and 0,05 for transverse frames on longitudinally laid strip planks 


[image: image251.wmf]w

s

t

h

A

×

=

   (cm2 )      Note: this is also the shear area.

When kE0-90   = 0 as is the case for ‘floating’ frames, then
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The tables above provide calculations for minimum section modulus and second moment of area for selected stiffeners.

Wood stiffener and plating combinations are to be examined for compliance at the following locations:

1. At the extreme top of the flat bar stiffener :



(stiffener  = M / SMstiffener

(N/mm²)

The extreme top of the stiffener will be in compression in most cases and the strength assessment is to be based on the ultimate compressive strength. 

2. At the extreme underside of the attached plating 

(plate  = M / SMplate   kE0-90 
(N/mm²)

The extreme underside of the attached plating will be in tension most cases and the strength assessment shall be based on the ultimate tensile strength. In the absence of better data, this strength may be taken as 90 % of the ultimate flexural strength.

3. In the stiffener 









(stiffener  = F / As 




(N/mm²)

The strength assessment is to be based on the ultimate shear strength

4. At the interface between panel and stiffener
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The interface zone may fail due to shearing of the adhesive or by rolling shear of the wood plies. In the absence of better data, the rolling shear strength may be taken as wood density (kg/m3)/CRS (N/mm²), where CRS = 180 (hardwood) and 270 (softwood).

G.5.3 Worked example

Sitka spruce 50 x 50 stringer at 280mm centres with plating of 15mm khaya (45 veneers.

Stiffener span = 800mm.

Effective extent of attached plating be =  15 t = 15 . 15 = 225 mm.

The stiffener width must be added to this figure.

be =  225 + 50 = 275 mm

G.5.3.1 Stiffener

Ultimate compressive strength uc= 29 N/mm².   Ultimate shear strength u= 6,9 N/mm².

E = 19,5 . 384  = 7488 N/mm² (From Table E1)

As = 5. 5 = 25 cm²

G.5.3.2 Plating

Ultimate tensile strength ut = 0,3 . 0,9 . 52 = 14 N/mm² .E = 0,2 . 17,5 . 513 = 1800 N/mm² 

KE0-90 = 1800 / 7488 = 0,24.      Ap = 27.5 . 1,5 . 0,24 =  9,9 cm2.
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C = 0,333 . 25 . 9,9 (52 + 1,5  . 5 . 1,5 + 1,52) + 0,0833 {[9,9.1,5]2+[25 . 5]2} = 4493 cm6
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Design pressure = 30 kPa.

Required section moduli 

For the stiffener (compressive strength criterion)

SM  = 83,3 . 30 . 0,280 . 0,802 / 0,4 29 =   38.6 cm3 (actual SM = 37,6   cm3)

For the panel (tensile strength criterion)

SM  = 0,24  .  83,3 . 30 . 0,280 . 0,802 / 0,5 . 14 =   15.4 cm3  (actual SM = 41,8 cm3)

Stiffener area check for shear

Aw = 7,5 . 30 . 0,28 . 0,8 / (0,4 . 6,9) = 18,2 cm2 (actual Aw = 25 cm2)

Interface check:
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 = 5 . (0,5 . 30 . 0.28 . 0,8) 9,9  25 [5 + 1.5] / ( 5 ) =  1,21 N/mm².

Rolling shear strength = 384/270  = 1,42 N/mm².

Annex H 
(normative)SEQ aaa \h 

SEQ table \r0\h 

SEQ figure \r0\h 

Laminate stack analysis

H.1  
Application

This Annex is intended to be used to analyse laminate stacks for cases were the laminate schedule is complex and cannot be regarded as quasi-isotropic.  Flexural properties are likely to be unavailable for these kinds of laminate schedule and hence equations (36) and (37) may not be appropriate.  In addition, this Annex allows the strength to be checked in the two principal panel directions.  This is an important consideration when the fibres are biased in the short panel direction, which is the normal approach to minimise the panel mass.

The method outlined in this Annex may be applied to single skin (all fibre reinforced plies), sandwich panels with low stiffness cores (for example, PVC or end grain balsa) and sandwich panels with high stiffness cores  (for example cedar planking, or resin soaked bulking materials).

The method is strictly limited to laminate schedules which are largely composed of 0/90 orientations with respect to the panel sides AND are nearly symmetrical about the mid-plane.  Where this is not the case, significant coupling may occur between in-plane direct and shear forces, between bending and torsion and between in-plane and out of plane forces.  Such laminate schedules are best analysed using classical laminate theory (CLT). Validated CLT software (commercially available or in-house developed) may be used in place of this Annex.

In either case, the panel is assumed to be fixed around the perimeter and subjected to the pressure loads as specified in the main body of this International Standard.

H.2 Method for panels
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Figure H 1 - Schematic panel view

Key

s
short dimension of panel

L
long dimension of panel

The flexural rigidity (EI) of the panel shall be calculated in the two principal directions (EIs and EIL).

H.2.1 Calculation of EI

For each ply, obtain the thickness (ti), elastic modulus (Ei) and distance from the mid-plane of the ply to the base  (zi).

The thickness may be obtained from the fibre mass (kg/m2), the fibre mass fraction and the densities of fibre and resin as outlined in Annex C.  The elastic modulus may be obtained from Table C1 (glass based plies) or Table C7 (Aramid or carbon) or by suitably corrected experimental data.
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Figure H 2 - Schematic section of the laminate

For cases where the fibres are orientated at some angle ( to the short panel side, the elastic modulus may be obtained from the following equations:
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(H 2)

The 1-2 system refers to the fibre principal direction.

The EI is then obtained in each direction using a tabular calculation.

Table H  13 — EI calculation Table

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	Ply N°
	Ply thickness (mm)
	Ply modulus
Ei
(N/mm2)
	Ei.tI
(N/mm)
	zi
(mm)
	Ei.ti.zi
(N)
	Ei.ti.zi2
(Nmm)
	Ei.ti3/12
(Nmm)

	Calc
	Calculated
	Calculated
	= (2). (3)
	Calculated
	=(4).(5)
	=(6).(7)
	=(4).(2)2/12

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	Etc
	
	
	
	
	
	
	

	TOTAL
	
	
	Sum column (4)
	
	Sum column
(6)
	Sum column
(7)
	Sum column
(8)


The distance between the baseline and the neutral axis of the laminate stack is: 
ZNA = sum column (6) / sum column (4)

The flexural rigidity about the base is: 
EIBASE = sum column (7) + sum column (8)

The required flexural rigidity is that about the neutral axis and is obtained from:

EINA = EIBASE – sum column (4). ZNA2

EINA shall be calculated in both s and L directions and is designed here as Ds (=EIs) and DL (=EIL).

Special note:  The flexural rigidity normally includes a denominator based on the minor and major Poisson’s ratios.  This has been neglected here for sake of simplification.  In addition, the use of in-plane elastic modulus in the above Table will give a higher apparent stiffness than would be obtained using flexural modulus as per Table C1 and hence for compatibility of the two methods, the Poisson’s ratio correction is not used.  For sandwich panels this approach will be slightly conservative.

H.2.2 Calculation of deflections and bending moments

Having obtained Ds and DL and the design pressure from the main body of this Internationl Standard, the maximum deflection (wmax) and bending moments Ms and ML (in s and L directions) may be obtained from:

	ORTHOTROPIC PANEL EQUATIONS

Ds = flexural rigidity in SHORT direction,

DL = flexural rigidity in LONG direction

wmax = ( ps4/Ds                             maximum deflexion  (mm)
Ms = (s ps2                          maximum bending moment in the s direction ( N.m)

ML = (L ps2

Where; 
EAR = Effective aspect ratio = 
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NOTE
The above equations are in non-dimensional form.  If D is in N.mm and s in mm, p must be expressed in N/mm2. (i.e. Pd (kPa) . 0,001)


H.2.3 Calculation of the stress in each ply

The distance Zi*of the top surface or bottom surface (whichever gives the greatest distance) from the neutral axis is to be established for each ply.
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Figure H 1 – Sketch of the limits of each ply and Z of neutral axis

Zi* is  the greater of zTOP – ZNA or zBTM - ZNA

NOTE
Zi* may be different for a given ply in s and L directions as the neutral axis may not be in exactly the same location.  Hence Zsi* (ZLi*) denotes Zi* for the ply ‘i’ in the short direction (long direction).

H.2.3.1 Bending stress

The stress in a given ply is then obtained from:

In the s direction 
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In the L direction
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H.2.3.2 Stress in an eventual core

The shear stress in the core  shall be obtained using equation (43) However, for honeycomb cores, the shear stress shall be checked in both principal panel directions.

Alternatively, equation (43) may be used with the lesser of the two honeycomb shear strengths. This is normally conservative.

H.2.4 Criteria

H.2.4.1 Deflections

The deflection (wmax) ply shall not exceed

· 0,047 s for a single skin panel

· 0,017 s for a sandwich panel

where s is the short panel dimension and is normally denoted as b in the main body of the text.

H.2.4.2 Stresses

The stress fraction in any ply shall not exceed the factors given in Table 8 for single skin and Table11for sandwich, normally 0,5 except for watertight bulkheaads
The stress fraction is defined as the actual stress ((si or (Li) divided by the ultimate strength of the ply in question in the appropriate direction (s or L).  The ultimate strength is to be taken as the appropriate compressive strength for those plies located between the neutral axis and the unloaded surface and as the appropriate ultimate tensile strength for those plies located between the neutral axis and the loaded surface.

Special remark  For most composites, the flexural strength (as used in equation (36)) will exceed both the tensile and compressive strengths, sometimes by a factor as large as two.  For example, an all-CSM layup could be based on a flexural strength of typically 152 N/mm2 using equation (36) but would be limited to ultimate tensile or compressive strengths of 85 N/mm2 or 117 N/mm2 respectively using the method of Annex H Consequently, analysis using Annex H will be conservative for single skin laminates in many instances.

For sandwich panels, this consideration does not apply.

For angled plies (i.e. those at other than 0 or 90 degrees to the panel sides), the stresses from the preceeding equations in H.2.3.1 do not correspond to the local ply co-ordinate system.  These stresses shall be compared with the angled ply strengths in the panel co-ordinate system.  A better approach is to transform stresses into the local ply system and compare with ply system strength.  Use of classical lamination theory is recommended for panels which are governed by the behaviour of angle plies.  In such cases, the ply strength shall be assessed using the Tsai-Wu failure criterion. The summation may not exceed the allowable stress factor 2, i.e 0,25 for hull and deck.

H.3 Method for Stiffeners

The method outlined in H2 may be applied to stiffeners.

When applied to stiffeners, the thickness in column (2) of Table H 1 shall be replaced by the area (Ai) of the ply or component. Column (8) shall be amended to read EiAi.h2/12, where h is the projected vertical depth of the component.

It shall be noted that whereas for a panel EI is per unit width, for a stiffener and its attached plating, the EI value is calculated for the whole stiffener and its attached plating.

The effective extent of attached plating, and the required values of design bending moment, shear force and required flexural rigidity (EI) shall be used as laid in section 9.2 of the main body of this International Standard.
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Figure H 2 — Height h of a component not perpendicular to the base
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		0.00		0.670		0.670		0.670				0.00		0.670		0.670		0.670

								Fully Fixed ends																				Simply Supported ends
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Rc 

		Effective spans GL v ABS														Effective Spans

		Chord S		h		h/s		fkw		Radius		Angle		GL L		ABS		GL

		1500		0.001		0.0000006667		1		281250000		0.0000053333		1500.0000000018		1500		1500

		1500		50		0.0333333333		0.983		5625		0.2674525496		1504		1500		1504

		1500		100		0.0666666667		0.817		2813		0.5395161459		1517		1500		1517

		1500		150		0.1		0.650		1875		0.8202546811		1538		1500		1538
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Blkhd

		Analysis of Fig 6,2 in GL Rules

		a		a-90		Rc		kw

		degree						formula

		90		0		1.000		2319401.5274

		100		10		1.010

		110		20		1.020

		120		30		1.040

		130		40		1.075

		140		50		1.125

		150		60		1.227

		160		70		1.512

		170		80		2.387
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Chine angle a

Rc



Ks sail

		

		Structural bulkhead												(n Ec/tau u^0,5

														5		n

		Material				E				FS				h/t		For

						N/mm²		N/mm²		*		N/mm²		*		ISO

						8,200		66.0		1.0		66.0		25		25

		Alu				70,000		144.0		1.0		144.0		49		50

		Steel				200,000		240.0		1.0		240.0		65		65

						47,000		60.0		1.0		60.0		63		60

						26,000		40.0		1.0		40.0		57		60

		Plywood				5,000		8.0		1.0		8.0		56		60

				k must be > 1 to allow design shear stress to be reached WITHOUT buckling

		Structural bulkhead																		(2E/taud)^,5		(,1*E/taud)^,5

														2.5		k

		Material		E		E // stiffener						Stress				h/t		For

				N/mm²		N/mm²		N/mm²		N/mm²		Factor		N/mm²		*		ISO

				8200		8,200		n/a		66		0.50		33.0		22		25		22.29		6

		Alu		69000		69,000		130		n/a		0.40		52.0		51		50		51.52		14

		Steel		208000		208,000		235		n/a		0.45		105.8		62		65		62.72		17

				47000		32,900		n/a		78		0.50		39.0		40		40		41.08		11

				26000		18,200		n/a		52		0.50		26.0		37		40		37.42		10

		Plywood**		5000		3,500		n/a		10		0.45		4.7		38		30		38.67		11

		** 0/90 layups are likely to be 0/90 with respect to vertical/horizontal axis of boat.

		Hull curvature means that the value for E might be more like a 45 degree value.

		Shear strength could also be higher.  Since it is unsafe to assume that the h value is too high, the E values have been

		multiplied by 0.7 and shear strengths increased by 1.3 to reflect variation from 0/90

																Stiffener axis
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Ks sail

		90

		100

		110

		120

		130

		140

		150

		160



Chine angle a

Rc

1

1.01

1.02

1.04

1.075

1.125

1.227

1.512



Phi-Psi

		

		b		Lwl		Cf		F		ISO		ISO/ABS

		mm				ABS		ABS

		254		10		0.00		1.00		0.95		0.95

		300		10		0.04		0.95		0.91		0.96

		400		10		0.13		0.85		0.84		0.99

		500		10		0.23		0.75		0.76		1.02

		600		10		0.32		0.66		0.69		1.04

		700		10		0.41		0.56		0.61		1.09

		800		10		0.50		0.49		0.53		1.09

		900		10		0.60		0.42		0.46		1.09

		1000		10		0.69		0.36		0.38		1.07

		1100		10		0.78		0.33		0.31		0.93

		1200		10		0.87		0.29		0.23		0.80

		1300		10		0.97

		1400		10		1.06

		1500		10		1.15

		1600		10		1.24

		1700		10		1.34
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Chine angle a
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RL-Small boat

		

		Table 12		Glass content  by mass and volume

		Type of ply reinforcement		Glass content by

		Chopped strand mat sprayed up		0.300		0.167

		Chopped strand mat hand lay up		0.300		0.167

		Woven roving		0.450		0.277

		Multidirectional fabric		0.500		0.319

		Unidirectional fabric		0.550		0.364

		Table from Robert Schofiel article

				Hand layup				RTM / Vacuum bag				Autoclave

		Type of ply reinforcement		Glass content by				Glass content by				Glass content by

		Chopped strand mat (sprayed or hand layup)		0.300		0.167		0.363		0.211		0.389		0.230

		Plain weave roving		0.500		0.319		0.590		0.403		0.630		0.444

		Stitched  Biaxial  0/90 or +/-45 or Triaxial		0.503		0.322		0.592		0.405		0.660		0.476

		8 Harness satin weave		0.560		0.374		0.645		0.460		0.689		0.510

		Woven UD		0.570		0.383		0.671		0.489		0.706		0.530

		Pre preg  Biaxial  0/90 or +/-45 or Triaxial		0.600		0.413		0.630		0.444		0.723		0.550

		Prepreg  UD		0.610		0.423		0.681		0.500		0.710		0.534

		Proposed modified Table 13

		Type of molding / lamination		Hand layup				RTM / Vacuum bag

		Type of ply reinforcement		Glass content by				Glass content by

		Chopped strand mat (sprayed or hand layup)		0.300		0.167		0.360		0.209

		Plain weave roving		0.450		0.277		0.587		0.400

		Stitched  Biaxial  0/90 or +/-45 or Triaxial		0.500		0.319		0.592		0.405

		8 Harness satin weave		0.550		0.364		0.636		0.450

		Woven UD		0.570		0.383		0.670		0.488

		Pre preg  Biaxial  0/90 or +/-45 or Triaxial		0.600		0.413		0.630		0.444

		Prepreg  UD		0.610		0.423		0.680		0.499





t-w glass

		ROBIN LOSCOMBE PROPOSAL

		Lwl		b		l		KR		y		Bottom						dr		1.2

				mm		mm						t   bott		w glass				df		2.54

												mm		g/m²

		4		300		1000		1.00		0.35		4.60		2,368						1.941319835		GD

																				1.941319835		GL

																						ISO
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t-w glass
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Chine angle a

Rc

0

0

0

0

0

0

0

0



t2-Scof  

		t/w glass

				t /w		w glass						t /w		w glass						t /w		w glass						t /w		w glass

		Y				/mm				Y				/mm				Y				/mm				Y				/mm

				*		kg/m²						*		kg/m²						*		kg/m²						*		kg/m²

		0.25		2.89		0.346				0.35		1.94		0.516				0.45		1.41		0.710				0.55		1.07		0.932

		0.26		2.76		0.362				0.36		1.87		0.534				0.46		1.37		0.731				0.56		1.05		0.957

		0.27		2.64		0.378				0.37		1.81		0.553				0.47		1.33		0.752				0.57		1.02		0.981

		0.28		2.53		0.395				0.38		1.75		0.571				0.48		1.29		0.773				0.58		0.99		1.006

		0.29		2.43		0.411				0.39		1.69		0.590				0.49		1.26		0.795				0.59		0.97		1.031

		0.30		2.34		0.428				0.40		1.64		0.610				0.50		1.22		0.817				0.60		0.95		1.057

		0.31		2.25		0.445				0.41		1.59		0.629				0.51		1.19		0.839				0.61		0.92		1.083

		0.32		2.16		0.463				0.42		1.54		0.649				0.52		1.16		0.862				0.62		0.90		1.109

		0.33		2.08		0.480				0.43		1.50		0.669				0.53		1.13		0.885				0.63		0.88		1.136

		0.34		2.01		0.498				0.44		1.45		0.689				0.54		1.10		0.909				0.64		0.86		1.164

		Table computed with d glass=2,56,  d resin=1,2 and  no void content
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t1-Scof

		WEIGHTS (GLASS & RESIN) PER SQUARE METRE AT VARIOUS GLASS CONTENTS

		FABRIC WEIGHT		RESIN CONTENT, kg/m²																RESIN CONTENT, kg/m²

		g/m²		25%		30%		35%		40%		45%		50%		55%		60%		25%		30%		35%		40%		45%		50%		55%		60%

																				GLASS CONTENT, kg/m²

		CHOPPED STRAND MAT FABRICS																		75%		70%		65%		60%		55%		50%		45%		40%

		225		675		525		418		338		275		225		184		150				750		643		563		500		450		409		375

		300		900		700		557		450		367		300		245		200		400		429		462		500		545		600		667		750

		450		1,350		1,050		836		675		550		450		368		300		600		643		692		750		818		900		1000		1125

		750		2,250		1,750		1,393		1,125		917		750		614		500		1000		1071		1154		1250		1364		1500		1667		1875

		900		2,700		2,100		1,671		1,350		1,100		900		736		600		1200		1286		1385		1500		1636		1800		2000		2250

		WOVEN FABRICS  (CLOTH, KNITS, AND WOVEN ROVING)

		75		225		175		139		113		92		75		61		50

		100		300		233		186		150		122		100		82		67

		180		540		420		334		270		220		180		147		120

		200		600		467		371		300		244		200		164		133

		320		960		747		594		480		391		320		262		213

		400		1,200		933		743		600		489		400		327		267

		600		1,800		1,400		1,114		900		733		600		491		400

		800		2,400		1,867		1,486		1,200		978		800		655		533

		1,200		3,600		2,800		2,229		1,800		1,467		1,200		982		800

		1,500		4,500		3,500		2,786		2,250		1,833		1,500		1,227		1,000

		1,980		5,940		4,620		3,677		2,970		2,420		1,980		1,620		1,320

		THICKNESS ( mm)  VERSUS GLASS CONTENT FOR VARIOUS FABRICS																				THICKNESS ( mm)  VERSUS GLASS CONTENT FOR VARIOUS FABRICS

														Assumed void content:		1.00		percent																Assumed void content:		1.00		percent

		FABRIC WEIGHT		Glass		TOTAL THICKNESS, INCHES, AT WEIGHT PERCENTAGE:																FABRIC WEIGHT		Glass		TOTAL THICKNESS, mm, AT WEIGHT PERCENTAGE:

		g/m²		Thickness		25%		30%		35%		40%		45%		50%		55%				g/m²		Thickness		25%		30%		35%		40%		45%		50%		55%

		CHOPPED STRAND MAT FABRICS																				CHOPPED STRAND MAT FABRICS

		225		0.088		0.657		0.531		0.441		0.373		0.320		0.278		0.244				225		0.088		0.657		0.531		0.441		0.373		0.320		0.278		0.244

		300		0.117		0.876		0.708		0.587		0.497		0.427		0.371		0.325				300		0.117		0.876		0.708		0.587		0.497		0.427		0.371		0.325

		450		0.176		1.314		1.061		0.881		0.746		0.641		0.556		0.487				450		0.176		1.314		1.061		0.881		0.746		0.641		0.556		0.487

		750		0.293		2.190		1.769		1.468		1.243		1.068		0.927		0.812				750		0.293		2.190		1.769		1.468		1.243		1.068		0.927		0.812

		900		0.352		2.628		2.123		1.762		1.491		1.281		1.113		0.975				900		0.352		2.628		2.123		1.762		1.491		1.281		1.113		0.975

		WOVEN FABRICS  (CLOTH, KNITS, AND WOVEN ROVING)																				WOVEN FABRICS  (CLOTH, KNITS, AND WOVEN ROVING)

		75		0.029		0.219		0.177		0.147		0.124		0.107		0.093		0.081				75		0.029		0.219		0.177		0.147		0.124		0.107		0.093		0.081

		100		0.039		0.292		0.236		0.196		0.166		0.142		0.124		0.108				100		0.039		0.292		0.236		0.196		0.166		0.142		0.124		0.108

		180		0.070		0.526		0.425		0.352		0.298		0.256		0.223		0.195				180		0.070		0.526		0.425		0.352		0.298		0.256		0.223		0.195

		200		0.078		0.584		0.472		0.392		0.331		0.285		0.247		0.217				200		0.078		0.584		0.472		0.392		0.331		0.285		0.247		0.217

		320		0.125		0.934		0.755		0.627		0.530		0.455		0.396		0.347				320		0.125		0.934		0.755		0.627		0.530		0.455		0.396		0.347

		400		0.156		1.168		0.943		0.783		0.663		0.569		0.495		0.433				400		0.156		1.168		0.943		0.783		0.663		0.569		0.495		0.433

		600		0.234		1.752		1.415		1.175		0.994		0.854		0.742		0.650				600		0.234		1.752		1.415		1.175		0.994		0.854		0.742		0.650

		800		0.313		2.336		1.887		1.566		1.326		1.139		0.989		0.867				800		0.313		2.336		1.887		1.566		1.326		1.139		0.989		0.867

		1,200		0.469		3.504		2.830		2.349		1.989		1.708		1.484		1.300				1,200		0.469		3.504		2.830		2.349		1.989		1.708		1.484		1.300

		1,500		0.586		4.380		3.538		2.937		2.486		2.135		1.854		1.625				1,500		0.586		4.380		3.538		2.937		2.486		2.135		1.854		1.625

		1,980		0.773		5.781		4.670		3.876		3.281		2.818		2.448		2.145				1,980		0.773		5.781		4.670		3.876		3.281		2.818		2.448		2.145

																										0.63
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Table 17

		DATA FOR DETERMINATION OF LAMINATE PROPERTIES (Average, or Typical Properties)																		PURE FIBER		Specific		Tensile		Tensile		Tensile		PURE RESIN		Specific		Tensile		Tensile		Tensile

						FIBER VOLUME COEFFICIENT:						DIRECTIONALITY								PROPERTIES		Gravity		Modulus		Strength		Elong		PROPERTIES		Gravity		Modulus		Strength		Elong

				Direction		Hand-Lay		VARTM, or		Autoclaved,		COEFFICIENTS												GPa		MPa		%						GPa		MPa		%

				Measured		Contact		Vacuum		or Pressure		FOR MODULUS								E-Glass		2.56		72.5		3,450		4.8		Polyester, Orthophthalic		1.23		3.1		51.8		2.0

		Fiber type				Molded		Bagged		Molded:		Tension		Compression		Flexure				S-Glass		2.49		86.9		4,570		5.7		Polyester, Isophthalic		1.21		3.1		58.7		2.0

		and application		degrees		Fv		Fv		Fv		Fd		Fd		Fd				Aramid		1.44		124.2		3,620		2.9		Polyester, DCPD Blend		1.2		3.8		44.9		0.8

		Unidirectional Prepreg		0		0.423		0.530		0.584		0.985		0.985		0.844				Carbon, PAN Based (AS-4)		1.8		235.0		3,795		1.53		Methamethacrylate		1.08		3.0		64.9		0.8

				90		0.423		0.530		0.584		0.085		0.085		0.070				Carbon, PAN Based (IM-6)		1.73		276.0		4,282		1.5		Vinylester		1.12		3.1		65.6		4.0

		Filament Wound Unidirectional		0		0.423		0.460		0.584		0.954		0.821		0.873				Carbon, Pitch Based, typical		2.02		345.0		1,750		1.0		Vinylester, DCPD Blend		1.1		3.5		44.9		2.0

				90		0.423		0.460		0.584		0.085		0.085		0.070				Boron		2.68		400.2		3,100		0.8		Epoxy, High Modulus		1.25		9.0		62.1		2.0

		Stitched Unidirectional Fabric		0		0.423		0.500		0.534		0.910		0.624		0.888														Epoxy, Int Modulus		1.2		2.8		55.2		6.0

				90		0.423		0.500		0.534		0.085		0.085		0.070														Polyimide		1.3		3.8		144.9		8.0

		Woven Unidirectional Fabric		0		0.383		0.489		0.530		0.923		0.656		0.901														Phenolic		1.15		4.8		48.3		0.7

				90		0.383		0.489		0.530		0.085		0.085		0.070

		0/90 BiAxial Prepreg		0		0.413		0.444		0.550		0.500		0.500		0.500

		45/45 Biaxial Prepreg		0		0.413		0.444		0.550		0.128		0.118		0.162

		8 Harness Satin Weave		0		0.374		0.460		0.547		0.487		0.500		0.477

		Plain Weave Woven Roving		0		0.319		0.403		0.444		0.481		0.500		0.466

		Stitched Biaxial 0/90 Fabric		0		0.322		0.405		0.476		0.445		0.450		0.500

		Stitched Biaxial 45/45 Fabric		0		0.322		0.405		0.476		0.114		0.105		0.167

		Stitched Triaxial 0/45/45 Fabric		0		0.322		0.405		0.476		0.776		0.540		0.777

		Random Chopped Strand mat		0		0.167		0.211		0.230		0.306		0.494		0.268
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Sandw

		GRP SCANTLINGS

		Mechanical Properties From Table 17 12215-5

				Hand Layup Mat / fabric/ Multiaxial								Sprayed mat				UD

		Y

				Mpa		Mpa		Mpa		Mpa		Mpa		Mpa		Mpa

		0.250		75		110		138		43		63		126

		0.275		79		113		145		44		66		129

		0.300		85		117		152		45		70		134

		0.325		92		121		160		46		74		138

		0.350		101		125		168		48		78		144

		0.375		111		128		177		49						238

		0.400		123		132		187		51						238

		0.425		137		136		197		52						240

		0.450		152		140		208		54						245

		0.475		169		143		220		56						251

		0.500		188		147		232		58						260

		0.525		207		151		245		60						271

		0.550		229		155		259		62						285

		0.575		252		158		273		64						300

		0.600		277		162		288		67						318

				Hand Layup Mat / fabric/ Multiaxial								Sprayed mat				UD

		Y				Ef		Ec		G		Et		Ef		Et UD

				Mpa		Mpa		Mpa		Mpa		Mpa		Mpa		Mpa

		0.250		4,500		4,288		4,000		2,665		5,750		4,288

		0.275		5,425		4,726		5,000		2,708		6,125		4,726

		0.300		6,350		5,206		6,000		2,750		6,500		5,206

		0.325		7,275		5,728		7,000		2,793		6,875		5,728

		0.350		8,200		6,292		8,000		2,835		7,250		6,292

		0.375		9,125		6,897		9,000		2,878						18,281

		0.400		10,050		7,544		10,000		2,920						18,200

		0.425		10,975		8,233		11,000		2,963						18,281

		0.450		11,900		8,964		12,000		3,005						18,525

		0.475		12,825		9,736		13,000		3,048						18,931

		0.500		13,750		10,550		14,000		3,090						19,500

		0.525		14,675		11,406		15,000		3,133						20,231

		0.550		15,600		12,304		16,000		3,175						21,125

		0.575		16,525		13,243		17,000		3,218						22,181

		0.600		17,450		14,224		18,000		3,260						23,400





Sandw

		0.25		0.25		0.25		0.25

		0.3		0.3		0.3		0.3

		0.35		0.35		0.35		0.35

		0.4		0.4		0.4		0.4

		0.45		0.45		0.45		0.45

		0.5		0.5		0.5		0.5

		0.55		0.55		0.55		0.55
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Proposed ISO Mid Values

R Flex Mid

R Trat Mid

R Comp Mid

R Tract Moy

Gibbs & Cox "High"

R Flex Mid

R Comp Mid

RESUME OF STRENGTHS   MAT / ROVING

68.75

0

173.625

161

86

1.125

195.78

171.35

108.75

1.2

218.145

181.7

137

1.275

240.72

192.05

170.75

1.35

263.505

202.4

210

1.425

286.5

212.75

254.75

1.5

309.705

223.1



Stiff

		0.25		0.25		0.25

		0.3		0.3		0.3

		0.35		0.35		0.35

		0.4		0.4		0.4

		0.45		0.45		0.45

		0.5		0.5		0.5

		0.55		0.55		0.55
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Proposed ISO Mid Values

E Flex Mid

E Comp Mid

E Traction Mid

E Comp Mid

E Trac Mid

E Flex Mid

RESUME OF ELASTIC MODULUSES   MAT / ROVING

7045

5580.075

4524.9225

8730

7000.09

5899.907

10415

8540.105

7524.8915

12100

10200.12

9399.876

13785

11980.135

11524.8605

15470

13880.15

13899.845

17155

15900.165

16524.8295



Top-hat1

		



s ut Sprayed Mat

tu

s uf Sprayed Mat

s uf

s ut

s ut UD

s uf

s uc

Glass content in mass (%)

Ultimate stregth (N/mm²)



Table C1

		



G

Et UD

Ef

Ec

Et sprayed Mat

Et

Glass content in mass (%)

Modulus (N/mm²)



Table C2

		Core thickness		Thickness of each skin (mm)																		Core thickness		Thickness of each skin (mm)

		(mm)		1.0		2.0		3.0		4.0		5.0		6.0		7.0		8.0				(mm)		1.0		2.0		3.0		4.0		5.0		6.0		7.0		8.0

		12		0.12		0.24		0.36		0.48		0.60										12		0.08		0.19		0.32		0.48		0.66

		16		0.16		0.32		0.48		0.64		0.80		0.96								16		0.14		0.32		0.53		0.77		1.04		1.34

		20		0.20		0.40		0.60		0.80		1.00		1.20		1.40		1.60				20		0.22		0.48		0.78		1.12		1.50		1.92		2.38		2.88

		24		0.24		0.48		0.72		0.96		1.20		1.44		1.68		1.92				24		0.31		0.67		1.08		1.54		2.04		2.59		3.19		3.84

		28		0.28		0.56		0.84		1.12		1.40		1.68		1.96		2.24				28		0.42		0.90		1.43		2.02		2.66		3.36		4.12		4.93

		32		0.32		0.64		0.96		1.28		1.60		1.92		2.24		2.56				32		0.54		1.15		1.82		2.56		3.36		4.22		5.15		6.14

		36		0.36		0.72		1.08		1.44		1.80		2.16		2.52		2.88				36		0.68		1.44		2.27		3.17		4.14		5.18		6.30		7.49

		40		0.40		0.80		1.20		1.60		2.00		2.40		2.80		3.20				40		0.84		1.76		2.76		3.84		5.00		6.24		7.56		8.96

				SM  approx (cm3/cm)																						I  approx (cm4/cm)





Table C2

		



t=1 mm

t=2 mm

t= 3 mm

t= 4 mm

t=5 mm

t= 6 mm

t= 7 mm

t= 8 mm

Core thickness dc (mm)

SM (cm3/cm)



Plate analysis

		



t=1 mm

t=2 mm

t= 3 mm

t= 4 mm

t=5 mm

t= 6 mm

t= 7 mm

t= 8 mm

Core thickness dc (mm)

I (cm4/cm)



		N° Stiff				Stiffener name

		Mfu		EI		Tumax		FS		Complete calculation of a stiffener

		nécéss		nécéss		nécéss

		daNm		MPacm4		DaN		*				Placer une jonction d'ames proche de G

		257		5.30E+05		1,042		3.00		E										SEi		Width		Height

		Désignation								MPa		MPa		MPa		MPa		MPa		MPamm²		mm		mm

		Ext Plating		Env 4. Kg MR						7,800		178.0		60		59.3		20.0		9.6E+06		176.0		7.00

		Web 1		2(2 M300/R500)						7,800		178.0		60		59.3		20.0		7.3E+05		5.6		16.66

		Web 2		2(2 M300/R500)						7,800		178.0		60		59.3		20.0		7.3E+05		5.6		16.66

		Web 3		2(2 M300/R500)						7,800		178.0		60		59.3		20.0		7.3E+05		5.6		16.66

		Web flange		2(2 M300/R500)						7,800		178.0		60		59.3		20.0		1.1E+06		50.0		2.80

		Add flange		2 UD 500						25,001		416.7		60		138.9		20.0		1.5E+06		50.0		1.2

		Origin of Yi: internal face of plating																		1.44E+07		H total =		54.0

		Désign		Yi		SEiYi		(EI)i		Vi		Zi				Fs Flex		Mfu		Mfa		EWi				t

				mm						mm				MPa				daNm		daNm						Mpa

		Ext Plating		-3.50		-3.36E+07		2.06E+09		-18.00		-53.2		-48.3		-1.23		-946		-315		-1.39E+08		-1.39E+08		1.11		18.1

		Web 1		8.33		6.06E+06		2.20E+07		-11.00		-87.0		-29.5		-2.01		-1,549		-516		-1.94E+06		-1.41E+08		35.21		0.6

		Web 2		24.99		1.82E+07		1.59E+08		22.32		42.9		60.0		0.99		763		254		1.02E+07		-1.31E+08		32.68		0.6

		Web 3		41.65		3.03E+07		7.01E+08		38.98		24.5		104.7		0.57		437		146		6.06E+06		-1.25E+08		31.16		0.64

		Web flange		51.38		5.61E+07		1.78E+09		41.78		22.9		112.2		0.53		408		136		1.53E+06		-1.23E+08		3.45		5.8

		Add flange		53.39		8.14E+07		2.74E+09		43.00		6.9		370.2		0.38		289		96		9.30E+05		1.68E+07		0.47		42.7

		TOTAL		11.00		1.58E+08		7.46E+09

				Yg						Z Min =		6.9				0.38		Mfu =		289				EIa =		7.46E+09

								957				7.5E+05		EIa/EIn=		1.4		Mfa =		96				Ta=		592





		Calculations for a plate breadth of 300 mm    The webs are not taken into account

		Calculations for a plate breadth of 300 mm   S= Spl+Sflange    xg calculated  from inside laminate

				Plating		Face area of stiffener (cm²)

				thickness		2

				(mm)		S		xg		I		Sm

		20		4		62		-5.94		*

		20		6

		20		8

		20		10

		20		12





		Values of misalignment factor

		Type of fabric / laminate		a

		Uni-directionnal (UD)		0.9

		Cross plies (balanced fabric 0/90°)		0.5

		Chopped strand Mat		0.33





		

		Fibre		Glass E												Kevlar 49 /Aramid										Carbon

		Resin		Polyester/Epoxy												Polyester/Epoxy										Polyester/Epoxy

				2.56												1.45										1.8

				1.2												1.2										1.2

		E fibre(N/mm²)		72,000												135,000										230,000

										0.330		0.500		0.900								0.50		0.90								0.50		0.90

		Fibre content		Fibre		thickness/		Laminate		Mat		Roving or		UD Laminate		Fibre		thickness/		Laminate		Roving or		UD Laminate		Fibre		thickness/		Laminate		Roving or		UD Laminate

				content		fibre weight		density				Eq cross ply		E modulus		content		fibre weight		density		Eq cross ply		E modulus		content		fibre w		density		Eq cross ply		E modulus

		in volume		in mass		t/Wf		r		E Mat		E +/- eq				in mass		t/Wf		r		E +/- eq				in mass		t/Wf		r		E +/- eq

		f		y		mm/kg				N/mm²		N/mm²		N/mm²		y		mm/kg				N/mm²		N/mm²		y		mm/kg				N/mm²		N/mm²

		0.10		0.19		3.91		1.34		5,076						0.12		6.90		1.23						0.14		5.56		1.26

		0.12		0.23		3.26		1.36		5,491						0.14		5.75		1.23						0.17		4.63		1.27

		0.14		0.26		2.79		1.39		5,906						0.16		4.93		1.24						0.20		3.97		1.28

		0.16		0.29		2.44		1.42		6,322						0.19		4.31		1.24						0.22		3.47		1.30

		0.18		0.32		2.17		1.44		6,737		8,940		14,124		0.21		3.83		1.24		14,610		24,330		0.25		3.09		1.31		23,160		39,720

		0.20		0.35		1.95		1.47		7,152		9,600		15,360		0.23		3.45		1.25		15,900		26,700		0.27		2.78		1.32		25,400		43,800

		0.22		0.38		1.78		1.50		7,567		10,260		16,596		0.25		3.13		1.26		17,190		29,070		0.30		2.53		1.33		27,640		47,880

		0.24		0.40		1.63		1.53				10,920		17,832		0.28		2.87		1.26		18,480		31,440		0.32		2.31		1.34		29,880		51,960

		0.26		0.43		1.50		1.55				11,580		19,068		0.30		2.65		1.27		19,770		33,810		0.35		2.14		1.36		32,120		56,040

		0.28		0.45		1.40		1.58				12,240		20,304		0.32		2.46		1.27		21,060		36,180		0.37		1.98		1.37		34,360		60,120

		0.30		0.48		1.30		1.61				12,900		21,540		0.34		2.30		1.28		22,350		38,550		0.39		1.85		1.38		36,600		64,200

		0.32		0.50		1.22		1.64				13,560		22,776		0.36		2.16		1.28		23,640		40,920		0.41		1.74		1.39		38,840		68,280

		0.34		0.52		1.15		1.66				14,220		24,012		0.38		2.03		1.29		24,930		43,290		0.44		1.63		1.40		41,080		72,360

		0.36		0.55		1.09		1.69				14,880		25,248		0.40		1.92		1.29		26,220		45,660		0.46		1.54		1.42		43,320		76,440

		0.38		0.57		1.03		1.72				15,540		26,484		0.43		1.81		1.30		27,510		48,030		0.48		1.46		1.43		45,560		80,520

		0.40		0.59		0.98		1.74				16,200		27,720		0.45		1.72		1.30		28,800		50,400		0.50		1.39		1.44		47,800		84,600

		0.42		0.61		0.93		1.77				16,860		28,956		0.47		1.64		1.31		30,090		52,770		0.52		1.32		1.45		50,040		88,680

		0.44		0.63		0.89		1.80				17,520		30,192		0.49		1.57		1.31		31,380		55,140		0.54		1.26		1.46		52,280		92,760

		0.46		0.65		0.85		1.83				18,180		31,428		0.51		1.50		1.32		32,670		57,510		0.56		1.21		1.48		54,520		96,840

		0.48		0.66		0.81		1.85				18,840		32,664		0.53		1.44		1.32		33,960		59,880		0.58		1.16		1.49		56,760		100,920

		0.50		0.68		0.78		1.88				19,500		33,900		0.55		1.38		1.33		35,250		62,250		0.60		1.11		1.50		59,000		105,000

		0.52		0.70		0.75		1.91				20,160		35,136		0.57		1.33		1.33		36,540		64,620		0.62		1.07		1.51		61,240		109,080

		When laminating, one can expect the same fiber content in volume with the same technic (and same wet out properties)

		For Kevlar, the wet out properties are much less so the fiber content is greater ( less resin) so the above comparisons are not so much valid





		A		B		C		D		E		F		G		H		I		J		K		L		M		N		O

		2		FIBERGLASS PLATING ANALYSIS										Builder:								Boat name:

		3		Mfa		EI req		T a		FS		Laminate N°/name:

		4		required		Mpa		required		Safety factor

		5		N cm/cm		cm4/cm		N/mm				Place a junction between layers close to y G

		6		3.6		105		5.3		2.00		Mass				Flex		Ult flex		Ult shear		All flex		All shear				Element		Thckness

		7		Layer		Layer				Fibre		Fibre		Laminate		E modulus		stress		stress		stress		stress		SEi		Width		t

		8		Definition		Precisions				mass		content		mass		E

		9		Gel Coat						kg/m²		*		kg/m²		MPa		MPa		MPa		MPa		MPa		Mpa cm²		cm		cm

		10		M300						0.300		0.32		0.9		7,000		112.0		70		56.0		35.0		455		1.00		0.065

		11		M300						0.300		0.32		0.9		7,000		112.0		70		56.0		35.0		455		1.00		0.065

		12		R800						0.800		0.40		2.0		12,800		204.8		50		102.4		25.0		1,683		1.00		0.131

		13		M450						0.450		0.32		1.4		7,000		112.0		70		56.0		35.0		682		1.00		0.097

		14		R800						0.800		0.40		2.0		12,800		204.8		50		102.4		25.0		1,683		1.00		0.131

		15		M300						0.300		0.32		0.9		7,000		112.0		70		56.0		35.0		455		1.00		0.065

		16

		17		Total						2.950		0.36		8.2		9,747										5,412				0.555

		18										Mean				Mean														Total t

		19		Origin of  Yi: Outside of plating																				t computed at inner limit of element

		20		Layer		Ygi		SEiYgi		(EI)i		Vi		Zi				Fs Flex		Mfu		Mfa		EWi		S EiWi		t

		21		Definition		cm						cm				MPa				Ncm/cm		Ncm/cm						Mpa

		22		M300		0.032		14.8		63.4		-0.41		-0.070		-50.61		-1.11		-7.9		-3.9		-170		-170		0.45		77.2

		23		M300		0.097		44.3		43.3		-0.34		-0.084		-42.50		-1.32		-9.4		-4.7		-140		-310		0.83		42.3

		24		R800		0.196		329.3		76.5		-0.28		-0.057		-62.90		-1.63		-11.6		-5.8		-353		-663		1.77		14.1

		25		M450		0.310		211.4		6.7		-0.14		-0.198		-17.98		-3.11		-22.1		-11.1		-65		-728		1.95		18.0

		26		R800		0.425		714.5		3.0		0.08		0.184		19.37		5.29		37.6		18.8		32		-696		1.86		13.4

		27		M300		0.523		879.8		6.4		0.15		0.190		18.70		5.48		21.3		10.6		53		-642		1.72		20.4

		28

		29		TOTAL		0.41		2,194		199				0.057				1.11		Bending moment						Allowable EI and T				13.4

		30				Yg				EI Total				Z Min						Mf u =		7.9				EI a =		199

		31								0.020										Mf a =		3.9				T a =		72

		Data in Yellow surroundings,  results in blue surrondings										This table works for 6 layers ,to be modified if larger number of layers.

		The data in line 6 are not mandatory, they come from formuli ……………. Mfu req = required bending moment per unit width   EI req= required EI per unit width

														Tu max= required  shear load  per unit width,    FS= Safety factor

		In lines 8 to 13, enter the data for each layer: name, precision, fibre mass, fbre content in mass, ultimate flex stress, ult shear stress, width, the rest is automatically computed

		This  table is made for glass, but can easily modified to allow different types of fiber : the formula for thickness (last column) has to be modified accordingly,

		The thickness  is in cm to match Z in cm3 etc,,																				Explanation on how to use this table on next page
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