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NR490, Sec 1

Section 1 General

1 General

1.1 Application

1.1.1 This Rule Note is intended to cover ships hereafter referred to as “crew transfer vessel” and dedicated to:
¢ transfer of personnel from harbours to moored offshore installations or offshore units

¢ transfer of personnel from shore to offshore wind farms

e transfer of personnel from mother ships or accommodation units at site to offshore wind farms.

These crew transfer vessels may also be involved in supplying such installations with goods and stores.

The scope of crew transfer vessels covered by this Rules note are defined in [1.1.2].

1.1.2 As arule, crew transfer vessels covered by this Rule Note are:

¢ single deck ships of less than 500 GT arranged with large superstructures and a broad open deck intended for cargo,
¢ with hull made of steel, aluminium, composite, HDPE (high density polyethylene) or plywood materials,

¢ proceeding in the course of their voyage not more than four hours at operational speed from a place of refuge,

¢ with a maximum service speed defined in [1.1.3],

¢ with a passengers capacity limitation defined in [1.1.4], and

¢ with operational conditions defined in [1.1.5].

1.1.3 Maximum service speed
The requirements of this Rule Note are normally applicable to crew transfer vessels having a maximum service speed V, in knots,
greater or equal to 7,16 A"°, where A is the moulded full load displacement, in tonnes.

Craft for which V 210 L%’ is to be individually considered by the Society.

1.1.4 Passenger capacity limitation
e The number of passengers, as defined in [2.1.2], is not to be greater than 12, otherwise the ship is to be considered as a
passenger ship

Note 1: Crew members, as defined in [2.1.3], special personnel, as defined in [2.1.4] or industrial personnel, as defined in [2.1.5] are not
considered as passenger.

¢ Attention is to be paid to national regulations which can have lower capacity limitations.

1.1.5 Operational conditions

¢ Crew transfer vessels are to be operated in relation to the navigation notation assigned as defined in [1.2] within operating
conditions defined in Sec 3, [7.3].

e Operational speed is 90% of maximum service speed.

1.2 Classification

1.2.1 The principles of classification, requirements for assignment, maintenance, suspension and withdrawal of class and
requirements for surveys set out in Pt A of NR467 apply.

A summary of the specific classification notations applicable to crew transfer vessels is carried out in [1.2.2] to [1.2.4].

For other additional notations that may be assigned to crew transfer vessels, reference is made to NR467, Pt A, Ch 1, Sec 2.

1.2.2 Service notation

Crew transfer vessels complying with the requirements of this Rule Note are assigned the service notation crew transfer vessel,
as defined in NR467, Pt A, Ch 1, Sec 2.

1.2.3 Navigation notations

As a rule, one of the following navigation notations, defined in NR467, Pt A, Ch 1, Sec 2, [5.2.8], is to be assigned to crew transfer
vessels with reference to significant wave heights Hs which are exceeded for an average of not more than 10 per cent of the year
as defined in Sec 3, [7.1.3]:

- seaareal
- seaarea2
- seaarea3
- seaarea4.

KU VE
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NR490, Sec 1

The shipyard’s table of the maximum allowed ship speed relative to the sea states, characterised by their significant wave height,
is indicated in a memorandum.

The navigation notations may be completed by the operating are notation defined in [1.2.4].

1.2.4 Operating area notation

In accordance with NR467, Pt A, Ch 1, Sec 2, [5.3.1] and NR467, Pt A, Ch 1, Sec 2, [5.3.4], the following operating area notation
may be assigned to crew transfer vessels.

The operating are notation assisted operating area may be assigned to crew transfer vessels operating within an area where it
has been demonstrated to the satisfaction of the Society that there is a high probability that in the event of an evacuation at any
point of the route, all persons on board can be rescued safely within 4 hours. For ships operating in harsh environmental
conditions, a reduced time of rescue may be required to the satisfaction of Society.

The operating area is to be specified by the party applying for classification and is to be indicated in a memorandum

1.3 Applicable rules
1.3.1 Ships covered by this Rule Note are to comply with the applicable requirements according to Tab 1.

1.3.2 Provisions not specially covered in this Rule Note are to comply with applicable requirements stipulated in other Rules of
the Society as defined in Tab 2.

Table 1 : Applicable rules

Item Reference
General arrangement design, stability and e Sec2
hull integrity e NR566, Chapter 1
Sec 3
Hull structure and outfittings * e
e Sec4
e Secs
Machi
achinery +  NR566, Chapter 2
Electrical and automation o Secs
e NR566, Chapter 3
¢ Sech

Fire safety

e NR566, Chapter 4
Note 1: NR566 Hull Arrangement, Stability and Systems for ships less than 500 GT

Table 2 : References to other Rules of the Society

Reference Title

NR467 Rules for the Classification of Steel Ships

NR600 Hull Structure and Arrangement for the Classification of Cargo Ships less than 65 m and Non Cargo Ships less than 90 m
NR546 Rules for Hull in Composite Materials and Plywood, Material Approval, Design Principles, Construction and Survey
NR561 Rules for Hull in Aluminium Alloys, Design Principles, Construction and Survey

NR216 Rules on Materials and Welding for the Classification of Marine Units

2 Definitions

2.1 Persons on board: passengers, members of the crew, special personnel and industrial
personnel

211 Persons on board

For the purpose of this Rule Note, persons on board include passengers, members of the crew, special personel and industrial
personnel as defined in [2.1.2] to [2.1.5].

2.1.2 Passenger
A passenger is every person other than:

¢ the master and crew members (see [2.1.3]) or other persons employed or engaged in any capacity on board a ship on the
business of that ship

¢ a child under one year of age
¢ the special personnel (see [2.1.4])
¢ the industrial personnel (see [2.1.5]).

JU Vfﬁ
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NR490, Sec 1

2.1.3 Crew members

Crew members means all persons (including the Master) carried on board the ship to provide navigation and maintenance of the
ship, its machinery, systems and arrangements essential for propulsion and safe navigation or to provide services for other persons
on board.

2.1.4 Special personnel (SP)

Special personnel means all persons who are not passengers or members of the crew or children of under one year of age and
who are carried on board in connection with the special purpose of that ship or because of special work being carried out aboard
that ship. Special personnel are expected to be able bodied with a fair knowledge of the layout of the ship and to have received
some training in safety procedures and the handling of the ship's safety equipment before leaving port.

2.1.5 Industrial personnel (IP)

Industrial personnel means all persons who are transported or accommodated on board for the purpose of offshore industrial
activities performed on board other vessels and/or other offshore facilities. Industrial personnel:

e are not less than 16 years of age, and
¢ are physically and medically fit, and

¢ have demonstrated adequate knowledge of the working language on board in order to be able to communicate effectively
and understand any instructions given by the ship's crew, and

¢ have received training or instruction prior to boarding the ship with respect to personal survival, fire safety and personal
safety.

Rules for the Classification of Crew Transfer Vessels - NR490 July 2025
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NR490, Sec 2

Section 2 General Arrangement Design, Stability and
Hull Integrity

Symbols
L, . Load line length, in m, defined in NR566, Ch 1, Sec 1, [1.4.1].
1 General

1.1 Application
1.1.1 Unless otherwise specified in Article [2], the requirements of NR566, Chapter 1 are to be complied with.

1.1.2 For crew transfer vessels assigned a navigation notation sea area 1, sea area 2, or sea area 3, relaxations to the requirements
of NR566, Chapter 1 other than the ones explicitly given in Article [2] may be accepted on a case-by-case basis.

2 Specific requirements for crew transfer vessels

2.1 General arrangement design

211 Subdivision arrangement - number of watertight bulkheads
Crew transfer vessels are to have at least one after peak bulkhead.

Additional bulkheads may be required for ships having to comply with subdivision or damage stability criteria.

21.2 Accommodation - seating of crew transfer vessels

A seat is to be provided for each personnel being carried and each crew for which the ship is certified to carry. Such seats are to
be arranged in enclosed spaces.

2.2 Stability

2.21 Intact stability
The intact stability is to comply with the provisions of NR467, Part B, Chapter 3.

2.2.2 Damage stability

Crew transfer vessels for which the additional class notation SDS has been requested are to comply with the requirements of
NR566, Ch 1, Sec 3, [3].

2.3 Hull integrity

2.3.1 Exposed decks - position 1 and position 2
With reference to NR566, Ch 1, Sec 1, [1.4.27] and NR566, Ch 1, Sec 1, [1.4.28], for the purpose of this Section:
a) Position 1 includes:
e exposed freeboard and raised quarter decks
¢ exposed superstructure decks situated forward of 0,25 L, from the perpendicular, at the forward side of the stem, to the
waterline at 85% of the least moulded depth measured from the top of the keel.
b) Position 2 includes:

¢ exposed superstructure decks situated aft of 0,25 L, from the perpendicular, at the forward side of the stem, to the
waterline at 85% of the least moulded depth measured from the top of the keel and located at least one standard height
of superstructure above the freeboard deck

¢ exposed superstructure decks situated forward of 0,25 L, from the perpendicular, at the forward side of the stem, to the
waterline at 85% of the least moulded depth measured from the top of the keel and located at least two standard heights
of superstructure above the freeboard deck.

2.3.2 Protection for intake of water for all openings in hull and superstructures
The requirements of NR566, Ch 1, Sec 4 are to be complied with.

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, or with a length L, less than 24 m,
alternative arrangements may be agreed on a case-by-case basis

N7
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NR490, Sec 2

2.3.3 Window arrangement
The requirements of NR566, Ch 1, Sec 4, [3.2.5] are to be complied with.

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, windows may be accepted in the
first tier end bulkheads or sides of enclosed superstructures and in the first tier deckhouses.

2.3.4 Machinery space openings

For machinery space openings, the values of height of the sill of the doors are to comply with the requirements of NR566, Ch 1,
Sec 4, [5.1.3].

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, these values may be reduced to:
* 450 mm above the deck if in position 1

e 230 mm in all other cases.

2.3.5 Companionways

The height above the deck of sills to the doorways in companionways is to comply with the requirements of NR566, Ch 1, Sec
4,[6.3.2].

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, these values may be reduced to:
e 380 mm in position 1

e 230 mm in all the other cases.

2.3.6 Hatches

The coamings of hatchways are be constructed according to the provisions of NR467, Steel Ships, Pt B, Ch 11, Sec 9 in
accordance with their position and their height are to comply with the requirements of NR566, Ch 1, Sec 4, [7.1.1].

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, or with a length L, less than 24 m,
these height values may be reduced to:

® 450 mm in position 1
e 300 mm in position 2.

For crew transfer vessels with a length L, less than 24 m, the coaming height of hatches closed at sea may be reduced or omitted
entirely, on condition that the Society is satisfied that the safety of the ship is not thereby impaired in any sea conditions.

2.3.7 Ventilation openings

Ventilators are to have coamings of a height above the deck complying with the requirements of NR566, Ch 1, Sec 4, [8.2.2].

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, or with a length L, less than 24 m,
these values may be reduced to:

e 760 mm in position 1

e 380 mm in position 2.

2.3.8 Air pipes
The height of air pipes is to comply with the requirements of NR566, Ch 4, Sec 1, [9.1.1].

For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3, or with a length L, less than 24 m,
the height of air pipes extending above the freeboard deck or superstructure deck from the deck to the point where water may
have access below is to be at least:

e 380 mm on the freeboard deck, and

e 225 mm on the superstructure deck.

2.3.9 Freeing ports
Freeing ports are to comply with the requirements of NR566, Ch 1, Sec 4, [11].

For crew transfer vessels with a length L, less than 24 m, the calculated freeing port area may be reduced considering the formula
as per NR566, Ch 1, Sec 4, [11.2.1] where the coefficient c having the following values:

e For crew transfer vessels assigned a navigation notation sea area 1, sea area 2 or sea area 3:
c=04

* For other crew transfer vessels:

c=0,75
JU Vfﬁ
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NR490, Sec 3

Section 3 Hull Structure

1 General

1.1 Application

1.1.1 This Section contains the requirements for the determination of the hull scantlings.

Attention is drawn to the selection of building materials which is not only to be determined from strength consideration, but
should also give consideration to structural fire protection and associated class requirements or Flag Administration requirements
where applicable.

1.2 Direct calculations

1.2.1 The Society may require direct calculations to be carried out, if deemed necessary according to the provisions of Article
[11].

Such calculations are to be carried out based on structural modeling, loading and checking criteria described in Article [11].
Calculations based on other criteria may be accepted if deemed equivalent to those laid down by the Society.

1.3 Units

1.3.1 Unless otherwise specified, the following units are used in the Rules:
¢ thickness of plating, in mm

e section modulus of stiffeners, in cm?

e shear area of stiffeners, in cm?

¢ span and spacing of stiffeners, in m

e stresses, in N/mm?

e concentrated loads, in kN

o distributed loads, in kN/m or kN/m2.

1.4 Symbols and definitions

1.4.1 The definitions of the following terms and symbols are applicable throughout this Section and are not, as a rule, repeated
in the different requirements. Definitions applicable only to certain requirements are specified therein.

1.4.2 Symbols

o :  Deadrise angle as defined in [1.4.6]

AP : Aft perpendicular, i.e. the perpendicular located at a distance L abaft of the forward perpendicular
The greatest moulded breadth, in m, of the craft

B,, :  The greatest moulded breadth, in m, measured on the waterline at draught T

Buwm : The greatest moulded breadth, in m, measured below or on the waterline at draught T

Cg : Total block coefficient, defined as follows:
C, A

T (1,025 LBy 1)
For catamarans, B, is to be measured at one float and A is to be taken equal to half the total displacement value

D : Depth, in m, measured vertically in the transverse section at the middle of length L from the moulded base line of
the hull to the top of the deck beam at one side of the main deck (if the main deck is stepped, D will be defined in
each separate case at the discretion of the Society)

A :  Moulded displacement at draught T, in sea water (mass density = 1,025 ¥/m?), in tonnes
FP : Forward perpendicular, i.e. the perpendicular at the intersection of the waterline at draught T and the foreside of the
stem

Acceleration of gravity, equal to 9,81 m/s?

L : Rule length, in m, equal to Ly, where Ly, is the waterline measured with the craft at rest in calm water
LCG : Longitudinal centre of gravity of the craft
T : Draught of the craft, in m, measured vertically on the transverse section at the middle of length L, from the moulded
base line of the hull to the full load waterline, with the craft at rest in calm water
\% : Maximum service speed, in knots.
JU Vfﬁ
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NR490, Sec 3

1.4.3 Aftend
The aft end is the hull region abaft of 0,1 L from the aft perpendicular

144 Bottom
The bottom is the part of the hull between the keel and the chines

1.4.5 Chine

For hulls that do not have a clearly identified chine, the chine is the hull point at which the tangent to the hull is inclined 50° to
the horizontal

1.4.6 Deadrise angle
For hulls that do not have a clearly identified the deadrise angle o is the angle between the horizontal and a straight line joining
the keel and the chine

1.4.7 Deckhouse

The deckhouse is a decked structure located above the main deck, with lateral walls inboard of the side of more than 4 per cent
of the local breadth. Structure located on the main deck and whose walls are not in the same longitudinal plane as the under
side shell may be regarded as a deckhouse.

148 Fore end
The fore end is the hull region forward of 0,9 L from the aft perpendicular.

1.4.9 Hull
The hull is the outer boundary of the enclosed spaces of the craft, except for the deckhouses, as defined in [1.4.7].

1.4.10 Main deck
The main deck is the uppermost complete deck of the hull. It may be stepped.

1.4.11 Midship area
The midship area is the hull region between 0,3 L and 0,7 L from the aft perpendicular.

1.4.12 Moulded base line

The moulded base line is the line parallel to the summer load waterline, crossing the upper side of keel plate or the top of skeg
at the middle of length L.

1413 Side

The side is the part of the hull between the chine and the main deck.

1.5 Protection against corrosion

1.5.1 Scantlings stipulated in Article [10] assume that the materials used are chosen and protected in such a way that the strength
lost by corrosion is negligible.

1.5.2 The Shipyard is to give the Society a document specifying all the arrangements made to protect the material against
corrosion (e.g. coating types, number and thickness of layers, surface preparation, application conditions, control after
completion, cathodic protection, etc.).

This document is to also include maintenance arrangements to be made in service to restore and maintain the efficiency of this
protection, whatever the reasons of its weakening, whether incidental or not.

All such maintenance operations are to be listed in a document available to the Surveyor at each class survey.

1.6 Rounding-off

1.6.1 Values for thickness as deduced from formulae are to be rounded off to the nearest standard value, without such a
reduction exceeding 3 per cent.

2 Documentation to be submitted

21 General
2.1.1 Tab 1 lists the structural plans that are to be submitted to the Society for approval.

2.1.2 In addition, the following information is to be submitted:
e draught and trim of the craft at sea, at rest and at its maximum speed in calm water

¢ any direct calculations performed.

KU VE
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NR490, Sec 3

When deemed necessary, the following information may be required:

e results of model tests and full-scale measurements

¢ longitudinal weight distribution and position of the longitudinal centre of gravity of the craft

¢ design loading conditions including:

- still water bending moments (SWBM) distribution

- still water shear force (SF) distribution

- description of corresponding loading cases.

2.1.3 For hulls made of composite materials, additional information defined in NR546 Composite Ships, Sec 1, [4.2] is to be

submitted.

Table 1 : Structural plans to be submitted

Plan

Containing information relevant to:

Midship section
Main sections

moulded dimensions, maximum service speed V, design acceleration acg and, if known, limit wave
height (see [7.3])

materials

typical structural details

Longitudinal sections

structural details
openings in longitudinal girders

Decks typical structural details

openings

deck loads, if different from Rule loads
Shell expansion plating

materials

typical structural details
position of butt and seam welds
openings

Machinery space structure

machinery mass and position of centre of gravity
typical structural details
openings

Watertight bulkheads

openings

typical structural details
openings

pipe passages

Deckhouses

materials
details of connections between different materials
typical structural details

Rudder

rudder stock material and scantlings

Propeller shaft brackets

materials, scantlings, connection details

Equipment calculation of equipment number
equipment specification
Testing plan position of air vents

testing pressures

3 Steel and aluminium alloys materials and connections

3.1 General requirements

3.1.1 This Article defines the main characteristics to take into account for steels and aluminium alloys within the scope of the
determination of the hull scantling as defined in the present Rules.

3.1.2 Materials with different characteristics may be considered, provided their specification (manufacture, chemical
composition, mechanical properties, welding,...) is submitted to the Society for approval.

3.1.3 Testing and manufacturing process
Materials are to be tested in compliance with the applicable requirements of NR216 Materials and Welding.

The requirements of this Section presume that welding and other cold or hot manufacturing processes (parent material types and
welding, preheating, heat treatment after welding,...) are carried out in compliance with current sound working practice and the
applicable requirements of NR216 Materials and Welding.

Rules for the Classification of Crew Transfer Vessels - NR490
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NR490, Sec 3

3.2 Steel structures

3.21 Steels for hull structures, forgings and castings

The characteristics of steels to be used in the construction of ships are to comply with the applicable requirements of NR216
Materials and Welding.

3.2.2 Mechanical characteristics

The mechanical characteristics of steels are to comply with the requirements of NR467 Steel Ships, Pt B, Ch 4, Sec 1, and in
particular the:

e grade of steel to be used for the various strength members of the structure

¢ steels for forging and casting.

Tab 2 gives for information the mechanical properties of steels currently used in the construction of ships.

Higher strength steels other than those indicated in Tab 2 are considered by the Society on a case-by-case basis.

When steels with a minimum specified yield stress R,y other than 235 N/mm? are used, hull scantlings are to be determined by

taking into account the material factor k defined in [3.2.3].

Table 2 : Mechanical characteristics

Steel grades Minimum yield stress R, Ultimate minimum tensile strength R,
t< 100 mm in N/mm? in N/mm?
A-B-D-E 235 400 - 520
AH32-DH32-EH32-FH32 315 440 - 590
AH36-DH36-EH36-FH36 355 490 - 620
AH40-DH40-EH40 FH40 390 510 - 650

Note 1: Refer to NR216 Materials and Welding, Ch 3, Sec 2.

3.2.3 Material factor k for scantlings of structural members

The value of the material factor k to be introduced into formulae to check structures given in this Section is a function of the
minimum yield stress R, value specified for the steel to be used.

Tab 3 shows the values of the material factor k to be taken depending on the R,y value of the various high strength steels for hull
structures for which Ry <390 N/mm?,

The use of steels for which R,y > 355 N/mm? will be considered in each separate case by the Society, which may stipulate special
acceptance conditions.

If, for special structures, the use of steels for which Ry < 235 N/mm?, has been accepted by the Society, the material factor is to
be determined by:

k =235/R.,
In the case where the use of steels with R, values which are intermediate between those indicated in Tab 3 is allowed, the values

of the material factor k may be determined by means of linear interpolation.

3.24 Welding

The requirements for the scantling and joint design of welded connection of ships built in steel materials are defined in NR600,
Chapter 7, Section 2.

Table 3 : k factor

Ren (N/mm?) k
235 1,00
315 0,78
355 0,72
390 0,70

3.3 Aluminium alloy structures

3.3.1  Aluminium alloys for hull structures, forgings and castings

The characteristics of aluminium alloys to be used in the construction and their testing process are to comply with the applicable
requirements of the following Rules:

¢ NR216 Materials and Welding
e NR561 Aluminium Ships.

BURY
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The list of aluminium alloys given in Tab 4 and Tab 5 for information only is not exhaustive. Other aluminium alloys may be
considered, provided the specification (manufacture, chemical composition, temper, mechanical properties, welding, etc.) and
the scope of application be submitted to the Society for review.

Unless otherwise specified, the Young’s modulus for aluminium alloys is equal to 70000 N/mm? and the Poisson’s ratio equal to 0,33.

The main symbols considered in the present article are:

Rn Tensile strenght, in N/mm?, of the parent metal in delivery condition, as specified (see Tab 4 or Tab 5)

R\ Tensile strenght, in N/mm?, of the parent metal in as-welded condition

Rpo,2 Proof stress (yielding strenght), in N/mm?, of the parent metal in delivery condition, as specified (see Tab 4 or Tab 5)
R'b0,2 Proof stress (yield strenght), in N/mm?, of the parent metal in as welded condition.

The mechanical characteristics given in Tab 4 and Tab 5 correspond to general standard values. For more information, refer to
the minimum values guaranted by the product supplier.

3.3.2 Material factor k for scantlings of structural members made of aluminium alloy
The value of the material factor k to be introduced into formulae for checking scantlings of structural members given in this
Section is determined by the following equation:

100
R,[im
where:
R,Iim

Kk =

Minimum guaranteed yield stress of the parent metal in welded condition R’ ,, in N/mm?, but not to be taken greater
than 70% of the minimum guaranteed tensile strength of the parent metal in welded condition R, in N/mm?.

For welded constructions in hardened aluminium alloys (series 5000 other than condition 0 or H111 and series 6000), greater
characteristics than those in welded condition may be considered, provided that welded connections are located in areas where
stress levels are acceptable for the alloy considered in annealed or welded condition.

In case of welding of two different aluminium alloys, the material factor k to be considered for the scantlings of welds is to be
the greater material factor of the aluminium alloys of the assembly.

3.3.3 Welding and riveting
The requirements for the scantling and joint design of welded and riveted connections of ships built in aluminium alloys are
defined in NR561 Aluminium Ships, Section 3.

3.3.4 Corrosion protection - Heterogeneous steel/aluminium alloy assembly

Connections between aluminium alloy parts, and between aluminium alloy and steel parts, if any, are to be protected against
corrosion by means of coatings applied by suitable procedures agreed by the Society.

In any case, any direct contact between steel and aluminium alloy is to be avoided (e.g. by means of zinc or cadmium plating
of the steel parts and application of a suitable coating on the corresponding light alloy parts).

The conditions for heterogeneous assembly between structures made in aluminium alloys and steel are defined in NR561
Aluminium Ships, Section 3 (see Tab 6).

Table 4 : Mechanical properties for rolled products with 3 mm <t <50 mm

Grade Temper condition Thickness t Yield strength R,,, min | Tensile strength R, min Elongation min (%) (1)
(mm) (N/mm2) or range (N/mm?) Aso mm Asy
O/H111 3<t<50 125 275 -350 16 14
H112 3<t<50 125 275 12 10
5083
H116 3<t<50 215 305 10 10
H321 <t<50 215-295 305 -385 12 10
O/H111 3<t<50 145 290 17
5383 H116 3<t<50 220 305 10 10
H321 3<t<50 220 305 10 10
(@] 3<t<50 160 330 24
H111 3<t<50 160 330 24 24
3<t<20 270 370 10 10
5059 H116
20<t<50 260 360 10 10
3<t<20 270 370 10 10
H321
20<t<50 260 360 10 10
(1) Elongation in 50 mm applies for thicknesses up to and including 12,5 mm and in 5d for thicknesses over 12,5 mm.
(2) 8% for thicknesses up to and including 6,3 mm.
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. Thickness t Yield strength R,,, min | Tensile strength R;, min Elongation min (%) (1)
Grade Temper condition g
(mm) (N/mm2) or range (N/mm?) Aso mm Asq
O/H111 3<t<50 95 240 - 305 16 14
3<t<12,5 125 250 8
5086 H112
12,5 <t<50 105 240 9
H116 3<t<50 195 275 10 (2) 9
5754 O/H111 3<t<50 80 190 - 240 18 17
o 3<t<6,3 130 - 205 290 - 365 16
6,3 <t<50 125 -205 285 - 360 16 14
3<t<30 230 315 10 10
H116 30 <t<40 215 305 10
5456
40<t<50 200 285 10
3<t<12,5 230-315 315 - 405 12
H321 12,5<t<40 215 - 305 305 - 385 10
40<t<50 200 - 295 285-370 10
(1) Elongation in 50 mm applies for thicknesses up to and including 12,5 mm and in 5d for thicknesses over 12,5 mm.
(2) 8% for thicknesses up to and including 6,3 mm.

Table 5 : Mechanical properties for extruded products with 3 mm <t <50 mm

Grade | Temper condition | Thickness t (mm) Yield strength R, min | Tensile strength R, min Elongation min (%) (1) (2)
(N/mm?) or range (N/mm?) Asomm Asg
O 3<t<50 110 270 - 350 14 12
5083 H111 3<t<50 165 275 12 10
H112 3<t<50 110 270 12 10
(@) 3<t<50 145 290 17 17
5383 H111 3<t<50 145 290 17 17
H112 3<t<50 190 310 13
5059 H112 3<t<50 200 330 10
O 3<t<50 95 240 - 315 14 12
5086 H111 3<t<50 145 250 12 10
H112 3<t<50 95 240 12 10
15 3<t<50 215 260 9 8
6005A 3<t<10 215 260 8 6
1 10<t<50 200 250 8 6
t<5 120 160 10 10

6060 (3) T5
5<t<25 100 140 10 10
6061 T6 3<t<50 240 260 10 8
6106 T5 t<6 200 250 10 10
T5 3<t<50 230 270 8 6
6082 3<t<5 250 290 6

1 5<t<50 260 310 10 8

(1) The values are applicable for longitudinal and transverse tensile test specimens as well.

(2) Elongation in 50 mm applies for thicknesses up to and including 12,5 mm and in 5d for thicknesses over 12,5 mm.

(3) 6060 alloy is not to be used for structural members sustaining dynamic loads (slamming and impact loads). The use of 6106 alloy
is recommended in that case.
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Table 6 : Aluminium alloys as welded mechanical characteristics

Aluminium alloy clir:;irt)izrn R'b0,2 R,
5000 series 0 Rpo,2 R,
5000 series other values of 0 condition
6005 A (closed sections) T50rT6 0,45 Ry, 0,6 R,
6005 A (closed sections) T5o0r T6 0,50 Ry, 0,6 R,
6060 (sections) (1) T5 0,43 Ry, 0,5 R,
6061 (sections) T6 0,53 Ry, 0,6 R,
6082 (sections) T6 0,45 Ry, 0,6 R,
6106 (sections) T5 0,33 Ry, 0,54 R,
(1) 6060 alloy is not to be used for structural members sustaining dynamic loads (slamming and impact loads). The use of 6106 alloy

is recommended in that case.

4 Composite materials

41 Application

4.1.1 The characteristics of composite, plywood and HDPE materials and their testing and manufacturing process are to comply
with the applicable requirements of NR546 Composite Ships, in particular for the:

e raw materials
¢ individual layers and theoretical breaking stresses
¢ laminate characteristics

¢ mechanical tests and raw material homologation.

4.1.2 Attention is drawn to the use of composite, plywood and HDPE materials with regards to fire safety.
The Flag Administration may request that international convention be applied instead of the present requirements, entailing in
some cases a limitation for using composite materials.

4.1.3 For carbon fibre reinforced composites to metal connections, galvanic protection is to be provided.

4.2 Principle of design review

4.2.1 The design review of composite structures is based on safety factors defined as the ratio between the theoretical capacity
of the structure and the actual applied stresses, which are to be in compliance with the following criteria:

e Minimum stress criteria in layers:

Obi >SF
Giapp

e Critical buckling stress criteria;

()
—>SF,
O

e Combined stress criteria in layers:

S FCS =S FCSiapp

where:

Olyi : In-plane theoretical individual layer breaking stresses defined in NR546 Composite Ships, Sec 5, [5]

o, : Critical buckling stress of the composite element considered defined in NR546 Composite Ships, Sec 6, [4]
Giapp In-plane individual layer applied stresses as defined in NR546 Composite Ships, Section 6

N : Compressive stress applied to the whole laminate considered

SF, SFg, SFes:Rules safety factors defined in [4.3].
SFcsiapp @ Actual combined safety factor applied in layer as calculated in NR546, Sec 2, [1.3.3].

Note 1: Breaking stresses directly deduced from mechanical tests (as requested in NR546 Composite Ships), may be taken over from theoretical
breaking stresses if mechanical test results are noticeably different from expected values.
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4.2.2 Type of stresses considered
The following different type of stresses are considered, corresponding to the different loading mode of the fibres:
a) Principal stresses in the individual layers:
e Stress parallel to the fibre (longitudinal direction):
These stresses, ;, may be tensile or compressive stresses, and are mostly located as follows:
- in 0° direction of unidirectional tape or fabric reinforcement systems
- in 0° and 90° directions of woven roving.
e Stress perpendicular to the fibre (transverse direction):

These stresses, 0,, may be tensile or compressive stresses, and are mostly located as in 90° direction of unidirectional
tape or combined fabrics when the set of fibres are stitched together without criss-crossing.

¢ Shear stress (in the laminate plane) parallel to the fibre. These shear stresses, 1,,, may be found in all type of reinforcement
systems

¢ Shear stress (through the laminate thickness) parallel or perpendicular to the fibre. These shear stresses, 1,3 and 1,3, are
the same stresses than the interlaminar shear stresses T, and T,

e Combined stress: Hoffman criteria
b) Stresses in the whole laminate:

e Compressive and shear stresses in the whole laminate inducing buckling.

4.2.3 Theoretical breaking criteria
Three theoretical breaking criteria are used in the present Rules:

a) maximum stress criteria leading to the breaking of the component resin/fibre of one elementary layer of the full lay-up laminate
b) Hoffman combined stress criteria with the hypothesis of in-plane stresses in each layer

c) critical buckling stress criteria applied to the laminate.

The theoretical breaking criteria defined in a) and b) are to be checked for each individual layer.

The theoretical breaking criteria defined in c) is to be checked for the global laminate.

4.2.4 First ply failure

It is considered that the full lay-up laminate breaking strength is reached as soon as the lowest breaking strength of any elementary
layer is reached. This is referred to as “first ply failure”.

4.3 Rules safety factors

4.3.1 General

a) The Rules safety factors to be considered for the composite structure check are defined in [4.3.3], according to the type of
hull structure calculation check and according to the partial safety factors defined in [4.3.2]

b) Additional consideration on rule safety factors:

Rules safety factors other than those defined in [4.3.3] may be accepted for one elementary layer when the full lay-up
laminate exhibits a sufficient safety margin between the theoretical breaking of this elementary layer and the theoretical
breaking of the other elementary layers.

c) Finite element model analyses:
Finite element model analyses are examined on a case by case basis by the Society. As a rule, when the structure is checked
with a finite element model, the rule safety factors defined in [4.3.3] and [4.3.4] are to be reduced by ten per cent.

4.3.2 Partial safety factors
As a general rule, the minimum partial safety factors considered are to be as defined as follow:

a) Ageing effect factor Cy:
The factor C, taking into account the ageing effect of the composites is generally taken equal to:
Cy = 1,2 for monolithic laminates (or face-skins laminates of sandwich) and strip planking:
Cy = 1,1 for sandwich core materials:
b) Fabrication process factor Cy:
The factor C; taking into account the fabrication process and the reproducibility of the fabrication is generally taken equal to:
Cr =1,1 in case of a prepreg process:
Cr = 1,15 in case of infusion and vacuum process:
Cy = 1,25 in case of a hand lay up process:

C = 1,0 for the core materials of sandwich composite:
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c) Type of load factor C;:
The factor C; taking into account the type of loads is generally taken equal to:
C; = 1,0 for local external sea pressures and internal pressures or concentrated forces:

C; = 0,8 for local dynamic sea pressures (slamming loads on bottom, impact on flat bottom on forward area and impact
pressure on platform bottom of multihull), and for test pressures and flooding loads

d) Type of stress factor Cg:

The factor Cy taking into account the type of stress in the fibres of the reinforcement fabrics and the cores is generally taken
equal to:

1) For fibres of the reinforcement fabrics:
¢ for tensile or compressive stress parallel to the continuous fibre of the reinforcement fabric:
Cr = 2,1 for unidirectional tape, bi-bias, three unidirectional fabric
Cg = 2,4 for woven roving
e for tensile or compressive stress perpendicular to the continuous fibre of the reinforcement fabric:
Cg = 1,25 unidirectional tape bi-bias, three unidirectional fabric
e for shear stress parallel to the fibre in the elementary layer and for interlaminar shear stress in the laminate:
Cy = 1,6 for unidirectional tape, bi-bias, three unidirectional fabric
Cy = 1,8 for woven roving
e for mat layer:
Cy = 2,0 for tensile or compressive stress in the layer
Cy = 2,2 for shear stress in the layer and for interlaminar shear stress
2) For core materials:
¢ for tensile or compressive stress for cores:
- in the general case:
Ck = 2,1 for a tensile or compressive stress
- for balsa:
Cy = 2,1 for a tensile or compressive stress parallel to the wood grain
Cy = 1,2 for tensile or compressive stress perpendicular to the wood grain
e for a shear stress (whatever the type of core material):
Ce=25
3) For wood materials for strip planking:
Cy = 2,4 for a tensile or compressive stress parallel to the continuous fibre of the strip planking
Cy = 1,2 for tensile or compressive stress perpendicular to the continuous fibre of the strip planking
Cy = 2,2 for a shear stress parallel to the fibre and for interlaminar shear stress in the strip planking

4.3.3 Rules safety factors
The Rules safety factors SF, SF¢s and SF; to be considered for the composite structure check are defined according to the type of
hull structure calculation, as follows:
a) For structure checked under local loads:
The local loads considered are defined in Article [9].
1) Minimum stress criterion in layers:
SF=C, G G G
with:
Cy, C;, Cg, Ci:Partial safety factors defined in [4.3.2]
2) Combined stress criterion in layers:
SFes=Ces Gy G G
with:
Ces : Partial safety facto, to be taken equal to:
e C¢s=1,7 for unidirectional tape, bi-bias, three-unidirectional fabric
e Cgs=2,1 for the other types of layer
Cy, Ci, G Partial safety factors defined in [4.3.2]
b) For structure element contributing to the global strength checked under global hull girder loads:
The global hull girder loads considered are defined in Article [8].
1) The minimum stress criterion in layers and the combined stress criterion in layers are to be taken as defined in a) with a
value of C; equal to 1,4.

2) The critical buckling stress criterion is to be taken equal to:
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SFB = CBuck Cv CF Ci

with:

Cpuek  : Partial safety factor to be taken equal to 1,45
Ce : Partial safety factor defined in [4.3.2]

Cy : Partial safety factor to be taken equal to 1,2
G : Partial safety factor to be taken equal to 1,2

4.3.4 Rules safety factor for structural adhesive joints
The mechanical structural adhesive characteristics are to be as defined in NR546 Composite Ships.

As a general rule, the rules safety factor SF applicable to maximum shear stress in adhesive joint considered in the present Rules
is to be calculated as follows:

a) General case:
SF22,4C.C,C Ce G
Taking into account the following partial safety factors:
C : Value discrepancies of the shear breaking stresses determined by mechanical tests, to be taken equal to 1,2
Cv :  Ageing effect, to be taken equal to 1,2
Note 1: When the joint is exposed to UV and/or to sea water, a greater value of Cy is to be considered on the basis of test.

Ce : Factor taking into account the gluing process (with final control defined on a case by case basis) and generally
taken as follows:

e Cy=1,15in case of a vacuum or infusion process
e C;=1,25 in case of manual process
Ce : * When the adhesive joint is tested in laboratory for the different ranges of temperature provided in service:
Co=1

¢ When the characteristics of the adhesive joint for the different ranges of temperature provided in service are
extrapolated from technical datasheets of the adhesive supplier:

Co=12
G : Partial safety factor defined in [4.3.2].
b) For joint of minor importance, the failure of which might induce only localised effect:
SF>2,0C,Cy G C. G

Taking into account the following partial safety factors:

G : asdefined in a) or, when shear breaking stress are determined on the basis of datasheets for appropriate adherents,
to be taken equal to 1,5

Cy : As defined in a)

Ce : As defined in a) or when provided without final control, to be taken equal to:

e C;=1,3in case of a vacuum or infusion process
e C;=1,5in case of manual process

Ce : As defined in a)

G . Partial safety factor defined in [4.3.2].

5 Plywood structure

5.1 Principal of design review

5.1.1 Characteristics of plywood
The mechanical characteristics of plywoods are to be estimated as defined in NR546 Composite Ships.

5.1.2 Principle of design review

The design review of plywood structure is based on one of the two following methods as defined in NR546 Composite Ships:
¢ global approach, when mechanical characteristics of plywood are defined, or

¢ ply by ply approach, based on the same calculation process than composite.

For each method, the safety factors (defined as the ratio between the applied stresses, calculated on the basis of the present rules,

and the theoretical breaking criteria of the plywood or elementary layers of the plywood) are to be greater than the minimum
rule safety factors defined in [5.2].
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5.2 Rule safety factors

5.21 Homogeneous material approach

As a general rule, the rule safety factor SF to be taken into account in the global formula used to determine the plating thickness
or the permissible stress in stiffeners is to be equal to, or greater than, 4,0.

5.2.2 Ply by ply approach

As a general rule, the rule safety factor SF applicable to the maximum stress in each layer of the plywood is to be calculated as follows:

a) Minimum stress criterion in layers

SF=CC Gy
with:
Cr :  Factor taking into account the type of stress in the grain of the plywood layer. Generally:

e (g =3,7 for tensile or compressive stress parallel to the grain of the ply considered
e Ci = 2,4 for tensile or compressive stress perpendicular to the grain of the ply considered
o Cy=2,9 for shear stress
G : Factor taking into account the type of loads. Generally:
e C;=1,0for local external sea pressures and internal pressures or concentrated forces

e (;=0,8 for dynamic sea pressures (slamming loads on bottom, impact on flat bottom in forward area, impact
pressure on platform bottom of multihull), and for test pressures and flooding loads

Cv : Factor taking into account the ageing effect of the plywood, to be taken at least equal to 1,2

b) Critical buckling stress criterion
As a general rule, the rule safety factor SFz applicable to the critical buckling stress criterion is to be calculated as follows:
SFg = Cpuk Cv G

with:

Cguk, Cv: Partial safety factors, to be taken equal to 1,35 and 1,2 respectively for the check of the global hull girder
structure.

G : Partial safety factor to be taken equal to 1,2.

Note 1: For planing hull, when the global stress is calculated with the minimum bending moments defined in [8.2], C; may be taken equal to 0,8.

6 HDPE structure

6.1 Permissible stresses

6.1.1 The structure check of plating, secondary and primary stiffeners is to be carried out as defined in NR546 Composite Ships,
Sec 10, taking into account the permissible stresses defined in Tab 7

Table 7 : Permissible stresses for HDPE structure

Loading cases Structure element Stress (1) Permissible value
Plating Clocam 0,45R
Glocam 0/50 R
Secondary stiffener
Tiocam 0730 R
Local sea and internal pressures
Glocam 0/55 R
Primary stiffener Tiocam 0,30R
Oymam 0,55R
Plating Glocam 0,75R
. Glocam 0770 R
Local dynamic sea pressure Secondary stiffener Tocam 0,40 R
(Impact pressure on hull bottom and bottom of
wet deck of catamarans) Olocam 0.85R
Primary stiffener Tlocam 0,45R
Oymam 0,85 R
(1) Stress as defined in NR546 Composite Ships, Sec 10 [1.3]
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Loading cases Structure element Stress (1) Permissible value
Plating Glocam 0,50R
Glocam 0/55 R
Secondary stiffener
Tiocam 0/30 R
Flooding loads
Giocam 0155 R
Primary stiffener Tiocam 0,30 R
Gymam 0,55R
Plating Glocam 0,60 R
Glocam 0/65 R
Secondary stiffener
Tiocam 0135 R
Testing loads
Glocam 0/70 R
Primary stiffener Tiocam 0,40 R
Oumam 0,70R
Global loads All structure elements SFouck 1,3
(1) Stress as defined in NR546 Composite Ships, Sec 10 [1.3]

7 Design acceleration

7.1 Vertical acceleration at LCG

7.1.1 The design vertical acceleration at LCG, ac (expressed in g), is to be defined by the designer and is to correspond to the
average of the 1per cent highest accelerations in the most severe sea conditions expected, in addition to the gravity acceleration.

As a rule, acg is to be taken not less than:

acg = foc-Soc- lL

where:

foc : To be taken equal to 0,85

Soc : Value given in Tab 8 in relation to sea area defined in [7.1.3].

Table 8 : Soc values
Navigation Notation Sea area 4 Sea area 3 Sea area 2 Sea area 1
_ 0,6
Soc Cr=0,2+-—22>0,32 0,30 0,23 0,14
v/ JL

7.1.2 Lower acg values may be accepted at the Society’s discretion, if justified, on the basis of model tests and/or full-scale
measurements.

7.1.3 Navigation notation
The following navigation notation is assigned based on sea areas defined with reference to significant wave heights H; which are
exceeded for an average of not more than 10 percent of the year:

* sea area 4 (open-sea service):
H,=4,0m

e sea area 3 (restricted open-sea service):
2,5m<H,<4,0m

® sea area 2 (moderate environment service):
05m<H;<2,5m

¢ seaarea 1 (smooth sea service):
H,<0,5m.

7.1.4 If the design acceleration cannot be defined by the designer, the ac; value corresponding to the appropriate values of foc
and Soc defined in [7.1.1] is to be assumed.

7.1.5 An acceleration greater than acs = 1,5g may not be adopted for the purpose of defining limit operating conditions and
scantlings.
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7.1.6 The longitudinal distribution of vertical acceleration along the hull is given by:

a, =k, - acg

where:

acg : Design acceleration at LCG defined in [7.1.1]

k, : Longitudinal distribution factor, not to be less than (see Fig 1):

k,=1 forx/L<0,5
k,=2-x/L forx/L>0,5

Higher values may be requested based on pitch consideration.

7.1.7 Variation of a, in the transverse direction may generally be disregarded.

Figure 1 : k, factor
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7.2 Transverse acceleration

7.2.1 Transverse acceleration is defined on the basis of results of model tests and full-scale measurements, considering their
characteristic value as specified in [7.3.1].

7.2.2 In the absence of such results, transverse acceleration, in g, at the calculation point of the craft may be obtained from:

a.=2,5~%‘(1+5.(1+\././~%[2_))2‘£)

L
where:
Hy : Permissible significant wave height at maximum service speed V (see [7.3.2], item f))
r : Distance from the calculation point to the roll axis. To be taken equal to 0,5 D unless duly justified.

7.3 Assessment of limit operating conditions

7.3.1  General

a) “limit operating conditions” in this paragraph are to be taken to mean sea states (characterized only by their significant wave
heights) compatible with the structural design parameters of the craft, i.e. the sea states in which the craft may operate
depending on its actual speed

b) limit operating conditions are derived from the restrictions defined in [7.3.2] and [7.3.4].

c) itis the designer’s responsibility to specify the format and the values of the limit operating conditions. Their format may be
for example a relationship between speed and significant wave height which ascertains actual loads less than the one used
for structural design

d) the limit operating conditions must include the maximum allowed significant wave height H,, consistent with the structural
strength. When such design value is not available, the formula given in h) may be used. The value of H,, is to be consistent
with the wave height upper limit corresponding to the sea area considered for structural design, according to [7.1.3]

e) other specific design parameters influenced by sea state and speed could be also considered at the discretion of the Society

f) the limit operating conditions are defined, at the discretion of the Society, on the basis of results of model tests and full-scale
measurements or by numerical simulations

g) the limit operating conditions, taken as a basis for classification, are indicated in the Classification Certificate.

These limit operating conditions must be put at the disposal of the crews operating the crew boat (display at the wheelhouse
is recommended)

h) it is assumed that, on the basis of weather forecast, the craft does not encounter, within the time interval required for the
voyage, sea states with significant heights, in m, greater than H,,,

When Hy,, is not available, following formula may be used:
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dca L
Him =5 V/(JL) 6+0,14-L

where vertical acceleration ac is defined in [7.1]

i) for craft with a particular shape or other characteristics, the Society reserves the right to require model tests or full-scale
measurements to verify results obtained by the above formula.

7.3.2 Limitation imposed by bottom impact pressure and deck loads

a) bottom impact pressure, given in [9.3], and deck loads, given in [9.8], are explicitly or implicitly depending on the vertical
acceleration at LCG. Therefore, the design values of these loads, taken as the basis for the classification, directly impose
limitation on vertical acceleration level at LCG

b) it is the designer’s responsibility to provide for a relation between the speed and the significant wave height that provides a
maximum vertical acceleration less than the design value

c) model tests if any are to be carried out in irregular sea conditions with a significant wave height corresponding to the
operating conditions of the craft and a clearly specified sea spectrum. The scale effect is to be accounted for with an
appropriate margin of safety. The characteristic value of acceleration and global loads to be assumed corresponds to the
average of the 1 per cent highest values obtained during tests. The duration of the test is, as far as practicable, to be sufficient
to guarantee that results are stationary

d) where model test results or full-scale measurements are not available, the formula given in ) may be used to define maximum
speeds compatible with design acceleration, depending on sea states having a significant height H,

e) the significant wave height is related to the craft’'s geometric and motion characteristics and to the vertical acceleration acg
by the following formula:
50— o (i + 0,75)
. 7( dCG)16 ~(H5+0084?—"—V)-K K
e 3555 - Cy T T/ TR

for units for which:
e V/L%>=3andA/(0,01-L)>3500

- ()

and
Kys =1
e V/L% <30rA/(0,01-L) <3500
VX
Kep = 0,8+1,6-ﬁ
and
H
Kus = TS
where:
Olycg : Deadrise angle, in degrees, at LCG, to be taken between 10° and 30°
H, : Significant wave height, in m
T : Trim angle during navigation, in degrees, to be taken not less than 4°
\% : Maximum service speed, in knots
V, : Actual craft speed, in knots.

if V, is replaced by the maximum service speed V of the craft, the previous formula yields the significant height of the limit
sea state, H,. This formula may also be used to specify the permissible speed in a sea state characterized by a significant wave
height equal to or greater than Hy.

f) on the basis of the formula indicated in e), the limit sea state may be defined (characterized by its significant wave height Hy),
i.e. the sea state in which the craft may operate at its maximum service speed. During its voyage, whenever the craft
encounters waves having a significant height greater than Hy, it has to reduce its speed

g) the reduction of vertical acceleration ac induced by stabilisation system if any is to be disregarded for the purpose of limit
operating conditions imposed by bottom impact loads.

7.3.3 Limitation imposed by wet deck impact loads for catamarans
Wet deck impact pressure is given in [9.4.1].

The formula in [9.4.1] may be used to define maximum speeds compatible with actual structure of wet deck, depending on sea
states having a significant height Hs.

The reduction of relative impact velocity V, induced by stabilisation system if any is to be disregarded for the purpose of limit
operating conditions imposed by wet deck impact loads.
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7.3.4 Limitation imposed by global loads

The longitudinal bending moment and shear forces as given in [8.2] are explicitly or implicitly depending on vertical acceleration
along the ship. Therefore, the design values of these loads, taken as the basis for classification, directly impose limitation on
vertical acceleration level at LCG. The requirements of [7.3.2], items b) to g) apply.

The reduction of vertical acceleration along the ship induced by stabilisation system if any is to be disregarded for the purpose
of limit operating conditions imposed by global loads.

7.3.5 Hull monitoring

The Society may require a hull monitoring system to be fitted on board, allowing to monitor and display in real time the vertical
acceleration and any other sensitive parameter with respect to the strength.

The information is to be available at the wheelhouse and displayed in a clear format allowing to compare with design values.

When a hull monitoring system is requested, its specification is to be submitted for review.

8 Overall loads

8.1 General

8.1.1 As arule, only longitudinal vertical bending moment and shear force are to be considered for monohulls.
In addition, the torsional moment defined in [8.2.6] is to be considered for catamaran.
8.1.2 For large craft, values from model tests, or hydrodynamic calculations, may be taken into account, after agreement of the

Society on the methodology, the sea conditions and the loading cases. In such cases, values given in [8.2] must be considered
as short term 1/100° values.

8.2 Bending moment and shear force

8.21 General

a) The values of the longitudinal bending moment and shear force are given, in first approximation, by the formula in [8.2.2],
[8.2.3] and [8.2.4]

b) The total longitudinal bending moments My, in hogging conditions, and M, in sagging conditions, in kN.m, are to be taken
as the greatest of those given by the formulae in [8.2.2] and [8.2.3].

The total shear forces Ty, in kN, is given by the formula in [8.2.4].

¢) The longitudinal distribution of the total bending moment M,;; and M5 is given in [8.2.5].

d) For catamaran, the transverse bending moment M,,, in kN.m, the transverse shear forces Ty, in kN, the torsional bending
moments My, in kN.m, and the torsional shear forces F, in kN, are given in [8.2.6].

8.2.2 Longitudinal bending moment due to still water loads, wave induced loads and impact loads

Mt = Mpis = 0,55 -A-L-(Cg+0,7)-(1T+ace)

where:

acg . Vertical acceleration at the LCG, defined in [7.1].

8.2.3 Longitudinal bending moment due to still water loads and wave induced loads
My = My +0,60-Soc-C-L?-B-Cy
Myis = My +0,35-Soc-C-L2-B-(Cz+0,7)

where:

Mgy : Still water hogging bending moment, in kN.m

Mg : Still water sagging bending moment, in kN.m

Soc : Parameter as indicated in Tab 8, for the considered type of service.
C=6+0,02L

For the purpose of this calculation, Cz may not be taken less than 0,6.

8.2.4 Total shear force induced by longitudinal bending moment

3,2-M
Tor = o ol
L
where:
My, : Greatest between My, and M5, calculated according to [8.2.2] and [8.2.3], as applicable.
;lvu VE",
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8.2.5 Longitudinal distribution of total bending moment
The longitudinal distribution of the total bending moments is given by:

in hogging: Ky - My
in sagging: Ky, - My;s

where:

Kn

Longitudinal distribution factor as shown on Fig 2.

Figure 2 : K, factor

Kwm

x/L

8.2.6 Bending moments and shear forces for catamaran

a)

Longitudinal bending moment and shear force:

The values of the longitudinal bending moment and shear forces, applied to the whole transverse section, are to be calculated
as defined from [8.2.1] to [8.2.5].

Transverse torsional moment:

In addition, a transverse torsional moment, in kN.m, due to wave induced loads plus impact loads is to be taken into account
and is to be not less than:

My =0,125 ALy ag g

where:
a, Design vertical acceleration as defined in [7.1.1]
a., need not be taken greater than 1,0 g in this formula
A : Total moulded displacement, in t
g : Acceleration of gravity, equal to 9,81 m/s?
Lyt : Waterline length of one float, in m.

The bending moments and the shear forces along the floats and in the primary transverse cross structure of the platform
induced by the transverse torsional moment are to be determined by a beam model where the transverse cross beams are
fixed in the model in way of the inner side shell of one float (see Fig 3).

The other float and the primary transverse cross structure of the plateform are modelled by beams having, as far as practicable:
¢ vertical and horizontal bending inertia, and

e ashear inertia, and

¢ atorsional inertia about longitudinal float axis

close to the actual primary structure values.

The forces F, in kN, for the beam model loading are to be successively equal to:

F=My/Lw

F=—-My/ Ly

Transverse bending moment and shear force:

The transverse bending moment M, in kN.m, and shear force T, in kN, are given by:

My, = A-Bg-acg- g
5
A-acs-
T, = et
where:
B : distance, in m, between the float axes
acg :design vertical acceleration as defined in [7.1.1], not to be taken greater than 1.

The global bending moments and shear forces distribution in the float are as shown in Fig 4, and in the primary transverse cross

structure as shown in Fig 5.

For the primary transverse cross structure, the bending stresses and shear stresses are to be calculated in way of the modelled float.
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Figure 3 : Beam model for catamaran
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Figure 5 : Transverse distribution of bending moments and shear forces
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9 Local loads

9.1 Introduction

9.1.1 Local design loads defined in this Article are to be used for the resistance checks of scantlings of structural elements of hull
and deckhouses.

9.1.2 Such loads may be integrated or modified on the basis of the results of model tests or full-scale measurements. Model tests
are to be carried out in irregular sea conditions with significant wave heights corresponding to the operating conditions of the
craft. The scale effect is to be accounted for by an appropriate margin of safety.

9.1.3 The characteristic value to be assumed is defined as the average of the 1 per cent highest values obtained during testing.
The length of the test is, as far as practicable, to be sufficient to guarantee that statistical results are stationary.

9.2 Loads

9.21 General

The following local loads are to be considered:

e impact pressures due to slamming, if expected to occur

e sea pressures due to hydrostatic heads and wave loads

e internal loads.

External pressure generally determines scantlings of side and bottom structures; internal loads generally determine scantlings of
deck structures.

Where internal loads are caused by concentrated masses of significant magnitude (e.g. tanks, machinery), the capacity of the side
and bottom structures to withstand such loads is to be verified according to criteria stipulated by the Society. In such cases, the
inertial effects due to acceleration of the craft are to be taken into account.

Such verification is to disregard the simultaneous presence of any external wave loads acting in the opposite direction to internal loads.

9.2.2 Load points
Pressure on panels and strength members may be considered uniform and equal to the pressure at the following load points:
a) Steel and aluminium structure:
e for panels:
- lower edge of the plate, for pressure due to hydrostatic and wave load
- geometrical centre of the panel, for impact pressure
o for stiffeners:
- centre of the area supported by the stiffener.
b) Composite, plywood and HDPE structure:
e for panels:

- lower edge of the panel for monolithic, HDPE and plywood panel, and at the middle of the panels for sandwich panel,
for pressure due to hydrostatic and wave load

- geometrical centre of the panel, for impact pressure
o for stiffeners:
- centre of the area supported by the stiffener.

9.3 Impact pressure on the hull bottom

9.3.1 If slamming is expected to occur, the impact pressure, in kN/m?, considered as acting on the hull bottom is to be not less than:

A
Pa =70 7K Ky Ks-acs

S
where:
A : Displacement, in tonnes as defined in [1.4.2]. For catamaran, A is to be taken as half of the total displacement
K, : Longitudinal bottom impact pressure distribution factor (see Fig 6):
e forx/L<0,5:
Ky =0,5+x/L
e for0,5<x/L<0,8:
K, =1,0
e forx/L>0,8:
K, =3,0-2,5 %L
where x is the distance, in m, from the aft perpendicular to the load point
K, : Factor accounting for impact area, equal to:
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K, = 0,455-0, 35 - 32:—;12;
with:
e For steel, aluminium, and HDPE structure:
- for plating:
K, > 0,50
- for stiffeners:
K, > 0,45
- for girders and floors:
K, > 0,35

¢ For composite and plywood structure:
- for plating and secondary stiffeners:
K,=0,15
- for girders and floors:
K,>0,35
S, : Reference area, in m?, equal to:

- A
5 =072

Note 1: For catamaran, A is to be taken as half of the total displacement for the calculation of S

S

= 100 -
u 5

s : Area, in m?, supported by the element (plating, stiffener, floor or girder). For plating, the supported area is the spacing
between the stiffeners multiplied by their span, without taking for the latter more than three times the spacing
between the stiffeners

K, : Factor accounting for shape and deadrise of the hull, equal to:
Ky = (70 - 0)/(70 = Otgcc)
where 0, is the deadrise angle, in degrees, measured at LCG and oy is the deadrise angle, in degrees, between

horizontal line and straight line joining the edges of respective area measured at the longitudinal position of the load
point; values taken for oy and oy are to be between 10° and 30°

acg : Design vertical acceleration at LCG, defined in [7.1].

Figure 6 : Impact area factor

9.4 Impact pressure on bottom of wet-deck of catamaran (including tunnel radius)
9.4.1 Slamming on bottom of the wet deck is assumed to occur if the air gap H,, in m, at the considered longitudinal position
is less than z,4, where:
e forL<65m:
74 =0,05 - L
e forL>65m:
2y = 3,25 +0,0214 - (L - 65).

In such a case, the impact pressure, in kN/m?, considered as acting on the wet deck is not less than:

Pst = 3K2KWDV><VSL(1 -0,85 g‘é)

S

where:
Ha :Air gap, in m, equal to the distance between the waterline at draught T and the wet deck
Hs : Significant wave height, in m, defined in [7.1.3]
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K, : Factor accounting for impact area, as defined in [9.3.1]
Kwo :  Longitudinal wet deck impact pressure distribution factor (see Fig 7):
e for x/L<0,2:

Kwp = 0, 5[1 —E)

e for0,2<x/L<0,7:
Kwp = 0,4
e for0,7 <x/L<0,8:

- 6X_
Kwo = 67 3.8

e forx/L20,8:
Kwp =1,0
Vi : Relative impact velocity, in m/s, equal to:
vy = sy
JL
Vy : Ship’s speed, in knots
X : Distance, in m, from the aft perpendicular to the load point.

If the wet deck at a transverse section considered is not parallel to the waterline, the impact pressure p, is to be considered at
the discretion of the Society.

Figure 7 : Distribution factor Ky,

Kwp ,

10—

0,5
0,4 [~

0 0,2 0,708 1,0 x/L

9.5 Sea pressures

9.5.1 Sea pressure on bottom and side shell

The sea pressure, in kN/m?, considered as acting on the bottom and side shell is to be not less than p;, defined in Tab 9, nor
less than:

o forz<T:
_ S
po=10(T+0,75-5-(1-0,25-2) -2
o forz>T:
ps =10-(T+S-2)
where:
S : Asgiven, in m, in Tab 9 with C; taken not greater than 0,5
z : Vertical distance, in m, from the moulded base line to load point z, to be taken positively upwards.
Table 9 : Values of S and p.,i,
S psmin
x/L>0,9 T§0,36.acc.§g3,5.1’ 2OSLJr575535
B
x/L<0,5 T<0,60-acg- JL<2,5-T 1osLJ1rO75s20

Note 1: Between midship area and fore end (0,5 < x/L < 0,9), p; varies in a linear way as follows:
Ps = Psrp—(2,25-2,5-X/L) - (Psep— Psm))

where pg is the sea pressure at fore end and pg in midship area.
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9.6 Sea pressures on front walls of the hull

9.6.1 The pressure, in kN/m?, considered as acting on front walls of the hull (in case of stepped main deck), not located at the
fore end, is to be not less than:

Py = 6-(1 +#}(1 +0,045-L-0,38-z,)
2 L(Cy+0, 1)
where:
X : Distance, in m, from front walls to the midship perpendicular (for front walls aft of the midship perpendicular, x; is
equal to 0)
7 : Distance, in m, from load point to waterline at draught T.

Where front walls are inclined backwards, the pressure calculated above can be reduced to (pg; sin o), where o is the angle in
degree between front wall and deck.

ps is to be taken not less than the greater of:
3+(6,5+0,06-L)-sino
3424 ac

9.6.2 For front walls located at the fore end, the pressure p will be individually considered by the Society.
9.7 Sea pressures on deckhouses

9.7.1 The pressure, in kN/m?, considered as acting on walls of deckhouses is to be not less than:

Po = Koy - (1 +2.L(Cﬁ>)(1 +0,045-1L-0,38-z,)
where:
K, . Coefficient equal to:
e for front walls of a deckhouse located directly on the main deck not at the fore end:
Ky, =6,0
e for unprotected front walls of the second tier, not located at the fore end:
K, = 5,0

e for sides of deckhouses, b being the breadth, in m, of the considered deckhouse:
K, =1,5+3,5b/B (with 3 <K, < 5)
e for the other walls:
K, =30
X : Distance, in m, from front walls or from wall elements to the midship perpendicular (for front walls or side walls aft
of the midship perpendicular, x; is equal to 0)
z : Distance, in m, from load point to waterline at draught T.

9.7.2 The minimum values of p,, in kN/m?, to be considered are:
¢ for the front wall of the lower tier:

Psu=6,5+0,06-L
o for the sides and aft walls of the lower tier:

psu = 4/0
e for the other walls or sides:
psu = 3/0

9.7.3 For unprotected front walls located at the fore end, the pressure p,, will be individually considered by the Society.

9.8 Deck loads

9.8.1 General
The pressure, in kN/m?, considered as acting on decks is to be not less than:

pa=p(1+04-a)

where:
a, :  Design vertical acceleration, defined in [7.1]
p : Uniform pressure due to the load carried, in kN/m?, defined in [9.8.2] to [9.8.6].

Where decks are intended to carry masses of significant magnitude, the concentrated loads transmitted to structures are given by
the corresponding static loads multiplied by (1 + 0,4 a,).

JU Vfﬁ
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9.8.2 Weather decks and exposed areas
a) For weather decks and exposed areas without deck cargo:
o ifzy<2:
p = 6,0 kN/m?
o if2<zy<3:
p=(12 -3 zy kN/m?
o ifzy>3:
p = 3,0 kN/m?
where z, is the vertical distance, in m, from deck to waterline at draught T.

p can be reduced by 20% for primary supporting members and pillars under decks located at least 4 m above the waterline
at draught T, excluding areas in way of launching appliances.

b) For weather decks and exposed areas with deck cargo:
o ifzy<2:
p = (pc + 2) kN/m?
with p. 24,0 kN/m?
o if2<zy<3:
p = (p. + 4 — zg) kN/m?
with p. > (8,0 — 2 zy) kN/m?
o ifzy23:
p = (p.+ 1) kN/m?
with p. 22,0 kN/m?

where:
Z4 . Distance defined in [9.8.2], item a).
Pe : Uniform pressure due to deck cargo load, in kN/m?, to be defined by the designer with the limitations indicated above.

9.8.3 Sheltered decks
For shelter decks:
p =1,3 kN/m?

A lower value may be accepted, at the discretion of the Society, provided that such a value as well as the way of access to the
deck are clearly specified by and agreed upon with the Owner.

Note 1: Sheltered decks are decks which are not accessible to the passengers and which are not subjected to the sea pressures. Crew can access
such deck with care and taking account of the admissible load, which is to be clearly indicated. Deckhouses protected by such decks may not
have direct access to ‘tween-deck below.
9.8.4 Enclosed accommodation decks
a) For enclosed accommodation decks not carrying goods:

p = 3,0 kN/m?

p can be reduced by 20 per cent for primary supporting members and pillars under such decks.
b) For enclosed accommodation decks carrying goods:

P =Pc

The value of p, is to be defined by the designer, but taken not less than 3,0 kN/m?.

9.8.5 Enclosed cargo decks
For enclosed cargo decks:

P =Pc
where p_ is to be defined by the designer, but taken not less than 3,0 kN/m?.

9.8.6 Platforms of machinery spaces
For platforms of machinery spaces:

p = 15,0 kN/m?
9.9 Pressures on tank structures

9.9.1 The pressure, in kN/m?, considered as acting on tank structures is to be not less than the greater of:
pu =9,81-h;-p-(1+0,4-a,)+100-p,

pw = 9,81-h,
where:
JU Vfﬁ
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h, : Distance, in m, from load point to tank top

h, : Distance, in m, from load point to top of overflow or to a point located 1,5 m above the tank top, whichever is greater
p ¢ Liquid density, in m? (1,0 t/m? for water)

o} : Setting pressure, in bars, of pressure relief valve, when fitted.

9.10 Pressures on subdivision bulkheads

9.10.1 The pressure, in kN/m?, considered as acting on subdivision bulkheads is not less than:

Ps=9,81 - hy
where:
h, : Distance, in m, from load point to bulkhead top.

10 Hull structure scantling

10.1 General

10.1.1 The present Article defines requirements for the scantlings of hull structures (plating, stiffeners, primary supporting members).
As a rule:

¢ For ships with a length greater than 24 m, the longitudinal strength check as defined from [10.4] to [10.8] and the structure
check under local loads defined from [10.9] to [10.13] are to be carried out.

¢ Forships with a length less than 24 m, the structure check under local loads is to be carried out only, the longitudinal strength
is considered satisfied when local scantlings are in accordance with requirements defined from [10.9] to [10.13].

10.1.2 As arule, for speed V greater than 45 knots, the scantlings of transverse structures are to be examined also by direct
calculations carried out in accordance with Article [11].

10.1.3 For all other crafts, the Society may, at its discretion and as an alternative to the requirements of this article, accept
scantlings for transverse structures of the hull based on direct calculations in accordance with Article [11].

10.2 Symbols

10.2.1

b :Actual surface width of the load bearing on primary supporting members

e : Ratio between permissible and actual hull girder longitudinal bending stresses (see [10.4])
e =0,/ 0y
Material factor defined in Article [3]

l : Overall span of stiffeners, in m, i.e. the distance between the supporting elements at the ends of the stiffeners (see Fig
8)

p : Design pressure, in kN/m?, defined in Article [9]

s . Spacing of stiffeners, in m, measured along the plating

S : Conventional scantling span of primary supporting members, in m, to be taken as given in Fig 9. Special
consideration is to be given to conditions different from those shown
In no case S is to be taken less than (1,1 S), Sy being the distance between the internal ends of the conventional
brackets as indicated in Fig 9 or, if there are no brackets, between the ends of the members

Gam : Permissible normal stress, in N/mm?

O ¢ Longitudinal bending stress, in N/mm?, as defined in [10.4]

G, Maximum permissible stress, in N/mm?

t : Thickness, in mm, of plating

Tam Permissible shear stress, in N/mm?

U . Defined as follows:
w= 1,1 70,5-(5/)2
which needs not be taken greater than 1,0

z : Section modulus, in cm?, of stiffeners and primary supporting members.
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Note: the connections with end brackets shown in this Figure are relevant to end brackets with Rule dimensions.
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Figure 8 : Examples of spans of ordinary stiffeners
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Figure 9 : Examples of conventional scantling spans of primary supporting members
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10.3 Bracket rule

10.3.1 Abracket rule is a bracket with arms equal to £/8, £ being the span of the connected stiffener. Where the bracket connects
two different types of stiffeners (frame and beam, bulkhead web and longitudinal stiffener, etc.) the value of Z is to be that of the
member with the greater span, or according to criteria specified by the Society.

10.4 Global strength

10.4.1 Global longitudinal strength
a) General:

As a rule, the longitudinal strength is to be examined for ships having a length greater than 24 m, according to the
requirements defined from [10.4] to [10.8] taking into account overall loads defined in [8.2.2] to [8.2.5].

Specific longitudinal strength calculations are required for craft whose hull geometry suggests significant bending moments
in still water with the craft at rest.

b) Global longitudinal stress calculation:

Longitudinal stress, in N/mm?, in each point of the structures contributing to the craft longitudinal strength is obtained from
the following formulae:

e at bottom:
= =103
RLRVYA
e atmain deck:
= =103
%6l = W,

¢ at height z above the bottom:

_ .L,(L L)i} 5
Oy Mb] (V\/b Wb+Wd D 10

where:
D :  Depth, in m, measured at main deck
M, : Total bending moment, in kN.m, defined in Article [8]

W, Wy Section modulus, in m?, respectively at bottom and main deck at the stress calculation point of the craft section
under consideration. In the section modulus calculation, all the elements contributing to longitudinal strength are
to be considered, including long deckhouses, as appropriate

For composite structure, the calculation of the longitudinal strength is to be carried out as defined in NR546
Composite Ships, Sec 2, [4]

z : Z co-ordinate, in m, of the calculation point.
c) Scantling criteria:
The values of stress 6, are not to exceed o, with:
¢ for steel structures:
6, = 150/k (N/mm?)
e for aluminium alloy structures:
6, = 70/k (N/mm?)
Moreover, the compressive values of 6, are not to exceed the values of critical stresses for plates and stiffeners calculated
according to [10.6] for steel structure, [10.7]for aluminium alloy structure and [10.8] for composite structure.
d) For composite, plywood and HDPE structures, the longitudinal strength is to be examined considering:
¢ the loads defined in [8.2.2] to [8.2.5]
¢ the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and
e the calculation methodology defined in NR546 Composite Ships, Sec 2.

10.4.2 Global strength for catamaran
The overall bending stresses and shear stresses in the float and in the platform of the multihull induced by the global transverse
torsional moment and the transverse bending moment are to be directly deduced from the beam model calculation defined in
[8.2.6], item b) and item c), and are to be in compliance with the following criteria:
a) For metallic materials:
¢ for steel structures:
o, = 175/k (N/mm?)
e for aluminium alloy structures:
6, = 75/k (N/mm?)
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b) For composite materials:
e the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and
¢ the calculation methodology defined in NR546 Composite Ships, Sec 2.

Particular attention is to be paid to:

¢ shear buckling check of cross bulkheads

e compression/bending buckling check of platform bottom and platform deck platings in areas where the bending moment is
maximum.

10.5 Fatigue

10.5.1 General
The fatigue strength of structural details is to be checked, when deemed necessary by the Society on a case by case basis.

10.5.2 Effect of stabilisation system
The beneficial effect of stabilisation system may be considered for the purpose of fatigue analysis.

In such a case, loads reductions are to be justified by designer on basis of tank tests or full scale tests.

10.6 Buckling strength of steel structural members

10.6.1 Application

These requirements apply to steel plates and stiffeners subject to compressive load. Other buckling rules can be accepted as
agreed with the Society.

10.6.2 Elastic buckling stresses of plates
a) Compressive stress:

The elastic buckling stress, in N/mm?, is given by:

t 2
GE=0,9‘mC~E‘( j

1000 - a
where:
a . Shorter side of plate, in m
b : Longer side of plate, in m
C : o When plating is stiffened by floors or deep girders:
c=1,30
¢ When plating is stiffened by ordinary stiffeners with angle- or T-sections:
c=1,21
* When plating is stiffened by ordinary stiffeners with bulb sections:
c=1,10
¢ When plating is stiffened by flat bar ordinary stiffeners:
c=1,05
E : Young’s modulus, in N/mm?, to be taken equal to 2,06 - 10° N/mm? for steel structure
m, : ® For plating with stiffeners parallel to compressive stress:
_ 8,4
oyt
¢ For plating with stiffeners perpendicular to compressive stress:
2
mo= e (1+(F)) 53
b4 :  Ratio between smallest and largest compressive stresses when the stress presents a linear variation across the
panel 0S¥ <1)
t : Thickness of plating, in mm.

b) Shear stress:
The elastic buckling stress is given by:

~0.9.m E.[—t )2
% =0,9-m-E (1000&

where:
m, =534 +4-(a/b)y

E, t, a and b are given in item a) above.
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10.6.3 Elastic buckling stress of axially loaded stiffeners
a) Column buckling without rotation of the cross section:
For the column buckling mode (perpendicular to the plane of plating) the elastic buckling stress, in N/mm?, is given by:

. = 0,001 F- —2_

02

b) Torsional buckling mode:

For the torsional mode, the elastic buckling stress, in N/mm?, is given by:

2.E.
o = Llwz(m2+£§)+o’385lfh
104-1,- ¢ m I,

c) Web buckling:
The elastic buckling stress, in N/mm?, is given by:

cE=3,8‘E-(}:—“:)2

where:
A : Cross-sectional area, in cm?, of the stiffener, including plate flange
_c- .
C = TC4~E‘|W.10
E : Young’s modulus, in N/mm?, to be taken equal to 2,06 - 10° N/mm?
h, : Web height, in mm
I, : Moment of inertia, in cm?, of the stiffener, including plate flange
Iy : Polar moment of inertia of profile, in cm*, about connection of stiffener to plate, equal to:
e for flat bars:
h\}v 3 tw _
l, = =510
e for flanged profile:
3.
= (hﬂé.tuh@.bf‘tf).m‘*
! : Saint Venant moment of inertia of profile, in cm#*, without plate flange, equal to:
e for flat bars:
_ hw 3 t\}v 4
I = 210
e for flanged profile:
1 , , t;
I, = §»(hw»tfv+bf~tf3~(1 —0,63-51)) 10+
w : Sectional moment of inertia of profile, in cm®, about connection of stiffener to plate, equal to:
e for flat bars:
_h-8
I, = =410
e for T profiles:
_ t-b?-h 6
I, 510
e for angles and bulb profiles:
31,2 -6
w L’Ioz[tf(bfz +2 bfhw + 4h2w) + 3twahw]
12 (bf + hw)
! : Span, in m, of the stiffener
m : Number of half-waves, given in Tab 10
t,, : Web thickness, in mm
by : Flange width, in mm
C . Spring stiffness factor, exerted by supporting plate panel, equal to:
. .13
€ I1<p3§ L oy
3s - (1 + ’—M>
1000 -5 - t3,
Np = 0,/ gy
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k, =1 —m,, not to be less than zero

s
Ga
O
t
t

p

Spacing of stiffeners, in m
Calculated compressive stress in the stiffener
Elastic buckling stress of plate as calculated in [10.6.2], item a)

Plate thickness, in mm

Flange thickness, in mm (for bulb profiles, the mean thickness of the bulb may be used).

Table 10 : Values of m

Cx m
0<Cc<4 1
4<Cc<36 2
36 <C< 144 3
M-=12m?<C,<m?(m + 1)? m

10.6.4 Critical buckling stresses and safety factors

a) Compressive stress:

The critical buckling stress in compression 6., in N/mm?, for plates and stiffeners, is given by:

~ O if 6, < Rt
O SF, if o< 2
Rat (7 Rt i g o Res
o, SF, (1 4'(5) if o> >
where:
Ren : Minimum yield stress of steel used, in N/mm?
o . Elastic buckling stress calculated according to [10.6.2], item a) and [10.6.3]
SF, : Safety factor defined in [10.6.4], item c).
b) Shear stress:
The critical buckling shear stress 1., in N/mm?, for panels and stiffeners, is given by:
. 1
T = T—FE] if T, < EF
L R T
T.= F (1 4'19 IfTE>2
where
T = ReH
J3
Reps : Minimum yield stress of steel used, in N/mm?
SF, : Safety factor defined in [10.6.4], item c).
T : Elastic buckling stress calculated according to [10.6.2], item b)
c) Safety factors:

The values of safety factor SF, to be used are given below:
e plating:
- local loads: SF, = 1,00
- overall loads: SF, = 1,00.
¢ secondary stiffeners:
- local loads: SF, = 1,00
- overall loads: SF, = 1,33.
® primary structure:
- local loads: SF, = 1,00
- overall loads: SF, = 1,53.

G
& )

Rules for the Classification of Crew Transfer Vessels - NR490

Section 3 1822

VERITAS

July 2025
37



NR490, Sec 3

10.7 Buckling strength of aluminium alloy structural members

10.7.1 Application

These requirements apply to aluminium alloy plates and stiffeners subjected to compressive load. Other buckling rules can be

accepted as agreed with the Society.

10.7.2 Elastic buckling stresses of plates
a) Compressive stress:
The elastic buckling stress, in N/mm?, is given by:

t 2
6520,9‘mc~E‘e-( )

1000 - a
where:
m : ® For uniform compression (¥ = 1):
m, = (1 + p?)?
¢ For compression-bending stress (0 < < 1):
- ify<ye
— Y
m.=1++-(m;-1
" (m;=1)
- ify=y:
= L . 22
T Tty (T+v9)
a Shorter side of plate, in m
C Unloaded side of plate, in m
d Loaded side of plate, in m
Y c/d, not to be greater than 1

0,7
Y = 3
m = g ()
E : Young’s modulus, in N/mm?, to be taken equal to 0,7 - 10° N/mm?
€ . Coefficient equal to:
¢ for edge d stiffened by a flat bar or bulb section:
- ify=1:e6=1,0
- ify<l:e=1,1.
¢ for edge d stiffened by angle- or T-section:
- ify=21:e=1,1
- ify<1:e=1,25.
b4 : Ratio between smallest and largest compressive stresses when the stress presents a linear variation across the
panel (0S¥ <)
t . Plate thickness, in mm.

b) Shear stress:
The critical buckling stress, in N/mm?, is given by:

~0.9.m E.[—t )2
T =0,9-m-E (1000&

where: E, t and a are given in item a),
m,= 5,34 + 4 (a/b)?
b :  Longer side of plate, in m.

10.7.3 Elastic buckling stress of axially loaded stiffeners
a) Elastic flexural buckling stress:
The elastic flexural buckling stress ¢, in N/mm?, is given by:

2
- —"") . m.10%
O 69, 1 (1000.() m-10

where:
I : Moment of inertia of the stiffener, in cm?*, calculated with a plate flange of width equal to ¢

G
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0] : Smaller of: 800 a, and 200 ¢
r : Gyration radius, in mm, equal to:
r=10 |—
S+¢-t-107
S . Area of the cross section of the stiffener, in cm?, excluding attached plating,
m : Coefficient depending on boundary conditions:

e for a stiffener simply supported at both ends: m = 1
¢ for a stiffener simply supported at one end and fixed at the other one: m = 2
¢ for a stiffener fixed at both ends: m =4 .
b) Local elastic buckling stresses:
The local elastic buckling stresses o, in N/mm?, are given by:

e for flat bars:

t 2
GE:S,S-(EW:) 102

e for built up stiffeners with symmetrical flange:

- web:
t 2
cE—27-(E‘l 104
- flange

where:

by : Flange width, in mm

hy : Web height, in mm

t : Flange thickness, in mm
t,, : Web thickness, in mm.

10.7.4 Critical buckling stresses and safety coefficient
a) Compressive stress:

The critical buckling stress 6, in N/mm?, is given by:

=5 i < _P_R, 0.2
G, SF1 if O = 2
o, = Rae2 (4 R M) if o > Re2
SF, 4.0

where
R'b0, : Minimum guaranteed yield stress of aluminium alloy used, in N/mm?, in welded conditions
o :  Elastic buckling stress calculated according to [10.7.2], item a)
SF; :  Safety factor defined in item c).

b) Shear stress:

The critical buckling stress 1., in N/mm?, is given by:

= T : R 0.2
T = —= if Tp< ==
SF, 2.3
_ R'pO,Z R' 0,2 B R 0,2
T. = 1= 2 if Tp>—=
SF,- 43 ( 4.1E.ﬁ) 23
where:
R',02 : Asdefined in item a)
SF, : Safety factor defined in item c)
T . Elastic buckling stress calculated according to item b)

c) Safety factors
The values of safety factors SF, are defined in [10.6.4], item c).

G
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10.8 Buckling strength of composite, plywood and HDPE structural members

10.8.1 The buckling analysis of composite structure is to be carried out according to NR546 Composite Ships.

It is to be checked that the actual longitudinal stresses calculated according to [10.4] are in compliance with the buckling criteria
defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE.

10.9 Scantling of steel and aluminium plating under local loads

10.9.1 General
The thickness of plating for steel and aluminium structure are to be calculated according to [10.9.2] to [10.9.10].

10.9.2 Plating submitted to lateral pressure
The thickness, in mm, required for the purposes of resistance to design pressure, is given by the formula:

t=22,4-pn-s- L

am

where:
P : Pressures, in KN/m?, defined in Article [9]
G : Permissible stress, in N/mm?, to be taken equal to:

¢ for bottom plating and platform bottom plating of multihull submitted to impact pressure if occurring:
- steel structures:
G, = 235/k (N/mm?)
- aluminium alloy structures:
O, = 95/k (N/mm?).
o for other cases:
- steel structures:
G, = 185/k (N/mm?)
- aluminium alloy structures:
G.m = 85/k (N/mm?).

10.9.3 Minimum thicknesses
As a rule, in addition with [10.9.2], the thicknesses of plating are to be not less than the minimum values given in Tab 11.

Lesser thicknesses than the one given in Tab 11 may be accepted provided that their adequacy in relation to strength against
buckling and collapse is demonstrated to the satisfaction of the Society. Adequate provision is also to be made to limit corrosion.

Table 11 : Minimum thicknesses

Element Minimum thickness (mm)
Shell plating:
e Bottom shell plating 1,35 L3225
e Side shell plating and wet deck plating 1,15- L3225
Deck plating 2,5
Bulkhead plating 2,5
Deckhouse side shell plating 2,5

10.9.4 Keel
The thickness of keel plating is to be not less than that required for adjacent bottom plating.

10.9.5 Bottom and bilge platings
a) The thickness of bilge plating is not, in any case, to be less than that of the bottom and side adjacent, whichever is greater

b) The thickness of plates connected to the stern frame, or in way of propeller shaft brackets, is to be at least 1,5 times the
thickness of the adjacent plating

c) In craft fitted with a bow thruster, the thickness of the connection with the housing of such propeller is to be considered
individually by the Society.

10.9.6 Sea intakes and other openings

a) Sea intakes and other openings are to be well rounded at the corners and located, as far as practicable, well clear of sharp edges

b) Sea chests are to have scantlings as for watertight tank bulkheads (see [10.16]), taking a design pressure p,, in kN/m?, equal to:

pPe=ps+ 0/5 * Pl
where p, and py are as defined in [9.5] and [9.3] respectively.
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10.9.7 Plating of side shell and front walls

a) If front walls are located at the fore end of the hull, the pressure py (see [9.6]) and the allowable stresses are to be considered
individually by the Society

b) The thickness of the sheerstrake is to be not less than that of the side or stringer plate
c) Atthe ends of deckhouses, the thickness of the sheerstrake is to be suitably increased
d) Where side scuttles or windows or other openings are located on the sheerstrake, the thickness is to be increased to

compensate for the openings.

10.9.8 Plating of internal sides of catamaran
The thickness of internal sides may be intermediate between that of the bottom of hulls and the bottom of the cross-deck.

10.9.9 Deck plating

The thickness of areas of watertight decks or flats forming steps in watertight bulkheads or the top or the bottom of a tank is also
to comply with the provisions of [10.16].

10.9.10 Plating of deckhouse walls
a) Openings (doors, windows) are to be well rounded at the corners

b) Where there is no access from inside deckhouses to’tween-decks below or where one of the boundary walls concerned is in a
particularly sheltered position, reduced scantlings compared with those above may be accepted, at the discretion of the Society

c) For unprotected front walls located at the fore end, the pressure p,, defined in [9.7] and allowable stresses are to be
considered individually by the Society.

10.10 Scantling of composite, plywood and HPDE panels under local loads

10.10.1 The scantling of composite panels is to be checked according to:

¢ the local loads defined in Article [9]

¢ the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and
¢ the calculation methodology defined in NR546 Composite ships, Section 6.

10.11 Scantling of steel and aluminium ordinary stiffeners under local loads

10.11.1 General

The scantling of ordinary stiffeners for steel and aluminium alloy structure are to be calculated according requirements defined
from [10.11.2] to [10.11.3].

The ends of ordinary stiffeners are, in general, to be connected by means of rule brackets to effective supporting structures.

Ends without brackets are accepted at the penetrations of primary supporting members or bulkheads by continuous stiffeners,
provided that there is sufficient effective welding section between the two elements. Where this condition does not occur, bars
may be accepted instead of the brackets, at the discretion of the Society.

10.11.2 Stiffeners submitted to lateral pressure

The Section modulus Z, in cm?, and the shear area A,, in cm?, for stiffeners submitted to lateral pressure are defined by the
following formulae:

2
7 = 1000‘['#9

am

A=5.L5P

where:

m : Coefficient defined in Tab 12

p . Pressures, in kN/m?, defined in Article [9].

G.m Tam ¢ Permissible stresses, in N/mm?, to be taken equal to:
¢ for bottom stiffeners and platform bottom stiffeners of multihull submitted to impact pressure if occurring:

- steel structures:
G, = 150/k (N/mm?)
T,m = 90/k (N/mm?)

- aluminium alloy structures:
G.m = 70/k (N/mm?)
T,m = 45/k (N/mm?).
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e for other stiffeners contributing to the longitudinal strength (see [10.1]):
- steel structures:
G,m = 150 Cy/k (N/mm?)
T,m = 90/k (N/mm?)
- Aluminium alloys structures:
G, = 70 Co/k (N/mm?)
T,m = 45/k (N/mm?).
¢ for other stiffeners not contributing to the longitudinal strength:
- steel structures:
G.m = 150 /k (N/mm?2)
Tom = 907k (N/mm?)
- aluminium alloys structures:
G.m = 70 /k (N/mm?2)
T,m = 45/k (N/mm?).
Cs, Cy : Asdefined in Tab 13.
These formulae are valid for stiffeners perpendicular to the plating or having an angle to the plating of less than 15°.

In the case of stiffeners having an angle o greater than 15° to the perpendicular to the plating, the required modulus and shear
area may be obtained from the same formulae, dividing the values of Z and A, by cos (o).

The actual section modulus of ordinary stiffeners is to be calculated in association with an effective width of plating equal to the
spacing of the stiffeners, without exceeding 20% of the span.

Table 12 : Coefficient m

Type of stiffener m
Continuous longitudinal stiffeners without Rule brackets at the ends of span 12
Longitudinal and transverse stiffeners with Rule brackets at the ends of span 19
Longitudinal and transverse stiffeners with Rule brackets at one end of span 15
Non-continuous longitudinal stiffeners and transverse stiffeners without Rule brackets at the ends of span 8

Table 13 : Coefficients Cg and C,

Steel structures Aluminium alloy structures
L x/L
Cs Ca
L<24m (1) 0<x/L<1 1 1
L>24m(2) 0<xL<T 1,4-1/e 1,3-1/e
x/L < 0,1 1 1
1 X 1 X
0,1<x/L<0,3 1+0,5‘(0,475)~(10~[71) 1+O,5~(0,375)~(10‘Ef1)
Alternative method for
24m<L<65m 0,3 <xL<0,7 1,4-1 1,3-1
e e
3)
1 X 1 X
0,7<x/L<0,9 1—0,5-(0,4—5)-(10-[—9) 1—0,5-(0,3—5)(10-[—9)
0,9<x/L<1 1 1
Note 1:
e . Ratio between permissible and actual hull girder longitudinal bending stresses (see [10.4]):
€=0,/0y

(1) In these formulae, the values of Cs and C, are to be taken less than or equal to 1.
(2) The ratio e is to be calculated at the location x, on basis of bending moment distribution defined in [8.2].
(3) The ratio e is to be calculated at the section comprised between 0,3 - L and 0,7 - L at which e takes the highest value.
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10.11.3 Minimum thicknesses

a) Steel stiffeners:

As a rule, for steel stiffeners, the thicknesses of web and flange are not to be less than:

e flat bar:

T—Wgzoﬁ

W
e other section:

h w

=554k
ht
> ww
bftf = _6
for symmetrical flange:

ktl‘s33ﬁ<
f

or, for dissymmetric flange:

by

TS 16, 5.Jk
where:
h,, t, : Height and thickness of web, in mm
by, t : Width and thickness of face plate, in mm.

b) Aluminium alloy stiffeners:

As a rule, for aluminium alloy stiffeners, the thicknesses of web and flange are not to be less than:

e Flat bar:

T—Ws15ﬁ<

e Other section:
hw

- <33./k
h\Vt\V

byt >
itz =p

for symmetrical flange:

b o1 K

t

or, for dissymmetric flange:

"tl‘s1o,5ﬂ<
f

where:

b, t; : Width and thickness of face plate, in mm

h,, t, : Heightand thickness of web, in mm.

10.11.4 Connection to primary members

a) In general, the resistant weld section A,,, in cm?, connecting the ordinary stiffeners to the web of primary members, is not to

be less than:

Aw=0¢-p-s-£-K-10"

Greatest material factor of ordinary stiffener and primary member, defined in Article [3]

where:

K

14 Span of ordinary stiffeners, in m

p Pressure, in kN/m?

0] Coefficient as indicated in Tab 14
s Spacing of ordinary stiffeners, in m.
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b) For aluminium alloys, when calculating the resistant connecting weld section, the fillet weld length d,, in mm, is determined
as follows (see cases 1 and 2 in Tab 14:

e casel:d.=d-20
where d is the length of the weld, in mm

e case 2: for extruded T stiffeners, the lesser of:
d.=b-20andd. =4t

where b, in mm, is the flange width of the extruded stiffener and t, in mm, is the web thickness of the extruded stiffener.

Table 14 : Coefficient ¢

Case Weld Aluminium alloy Steel
1 Parallel to the reaction exerted on primary member 200 100
2 Perpendicular to the reaction exerted on primary member 160 75

10.11.5 Bottom and bilge

a) Single and double bottoms are generally to be longitudinally framed

b) Bottom longitudinals are preferably continuous through the transverse elements. Where they are interrupted at a transverse
watertight bulkhead, continuous brackets are to be positioned through the bulkhead so as to connect the ends of longitudinals.

10.11.6 Side and front wall

For unprotected front walls located at the fore end, the pressure p (see [9.6]) and allowable stresses are to be considered

individually by the Society.

10.11.7 Internal sides of catamaran

Internal side ordinary stiffeners may have characteristics intermediate between those of the bottom of the hull and those of the

bottom of the cross-deck. In any case, such characteristics are not to be less than those required for external sides.

10.11.8 Deck

a) Where there are concentrated loads of significant magnitude, deck stiffeners are to be adequately strengthened

b) The ordinary stiffeners of decks constituting the top or bottom of tanks are also to comply with the requirements of [10.16]

¢) Where longitudinals are interrupted in way of watertight bulkheads or reinforced transverse structures, the continuity of the
structure is to be maintained by means of brackets penetrating the transverse element. The Society may allow double brackets
welded to the transverse element, provided that special provision is made for the alignment of longitudinals, and full
penetration welding is used.

10.11.9 Boundary walls of deckhouses

a) If unprotected front walls are located at the fore end, the pressure py, (see [9.7]) and the allowable stresses are to be
considered individually by the Society

b) Any front or side wall vertical stiffeners of first tier deckhouses are to be connected, by means of brackets at the ends, to
strengthening structures for decks or adjacent sides

c) Longitudinal stiffeners are to be fitted on the upper and lower edges of large openings in the plating. The openings for doors
are, in general, to be stiffened all the way round

d) Where there is no access from inside deckhouses to 'tween-decks below, or where a deckhouse boundary wall is in a
particularly sheltered location, reduced scantlings with respect to those stipulated above may be accepted, in the opinion of
the Society.

10.12 Scantling of composite, plywood and HDPE ordinary stiffeners under local loads

10.12.1 The scantling of ordinary stiffeners is to be checked according to:

e the local loads defined in Article [9]

e the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and

¢ the calculation methodology defined in NR546 Composite ships, Section 7.

The general arrangements defined for steel and aluminium ordinary stiffeners are also applicable to composite ordinary stiffeners
arrangements.

When deemed necessary by the Society, a combination with the longitudinal hull girder stresses for the local scantling under
local loads may be carried out on a case-by-case basis.
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10.13 Scantling of steel and aluminium primary supporting members under local loads

10.13.1 General

The scantling of primary supporting members for steel and aluminium alloy structure are to be calculated according requirements
defined from [10.13.2] to [10.13.8].

The primary supporting members (floors, frames, beams) are to form continuous transverse frames.

10.13.2 Primary members submitted to lateral pressure

The section modulus Z, in cm?, and shear area A, in cm?, required to support the design pressure are given by the following
formulae:

2, .
z:1000~§——_—'9—~9

am

A=5 S:-b-
Tam
where:
m : Coefficient which depends on support conditions at the ends of the girder span, generally assumed to be equal to:
¢ 10 for floors, bottom girders, side frames, deck beams and girders, vertical webs of superstructures
e 12 for side stringers
In special circumstances, a different value may be taken for m, at the discretion of the Society.
p Pressures, in kN/m?, defined in Article [9]

Gam Tam ©  Permissible stresses, in N/mm? to be taken equal to:

¢ for bottom primary members and platform bottom primary members of multihull submitted to impact pressure if
occurring:

- steel structures:
6. = 150/k (N/mm?)
Tom = 907k (N/mm?)
- aluminium alloy structures:
G, = 70/k (N/mm?)
T,m = 45/k (N/mm?)
¢ for other primary members contributing to the longitudinal strength:
- steel structures:
G, = 150 Cyk (N/mm2)
T,m = 90/k (N/mm?)
- Aluminium alloys structures:
G,y = 70 Co/k (N/mm2)
T,m = 45/k (N/mm?)

¢ for other primary members not contributing to the longitudinal strength and cross-deck structures supporting
decks:

- steel structures:
G, = 150 /k (N/mm?2)
T,m = 90/k (N/mm?)
- aluminium alloys structures:
G,m = 70 /k (N/mm?)
T,m = 45/k (N/mm?).

These formulae are applicable for single beam model calculation. Otherwise, the scantlings of reinforced structures are to be carried
out by means of direct calculations with 2D or 3D beam model performed on the basis of criteria agreed upon with the Society.

Particular attention is to be paid to compressive buckling strength of associated plating of primary members
In case of primary structure made of floating frames and extruded panels, the flexural contribution of the extruded plating may
generally be disregarded.
10.13.3 Minimum thicknesses
a) Steel stiffeners:
As a rule, for steel primary members, the thicknesses of web and flange are not to be less than:

e web:
I‘-]W
=¥ <100k
tw
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¢ face plate:

- for symmetrical flange:
bie33 .k
t;

- or, for dissymmetric flange:

ktlfs16,5JE
f

b) Aluminium alloy stiffeners:
As a rule, for aluminium alloy primary members, the thicknesses of web and flange are not to be less than:
e web:

T—Ws 60./k
e face plate:

- for symmetrical flange:
b1k
t;
- or, for dissymmetric flange:
[-t)-fs 10, 5.k
f

Webs of primary supporting members are generally to be stiffened where the height, in mm, is greater than 60 t (t being
the web thickness, in mm, of the primary supporting member), by web stiffeners spaced not more than 65 t.

10.13.4 Floors and girders of single bottom

a) Floors are to be positioned in way of side and deck transverses. Intermediate floors may also be fitted provided that they are
adequately connected at the ends

b) Manholes and other openings are not to be located at the ends of floor or girder spans, unless shear stress checks are carried
out in such areas

c) Floors are to be fitted in machinery spaces, generally at every frame, and additional floors are to be provided at bottom in
way of machinery and pillars

d) In way of main machinery seatings, girders are to be positioned extending from the bottom to the foundation plate of main
engines

e) A girder is, generally, to be fitted centreline for dry-docking. The height of such a girder is to be not less than that of floors
amidships and the thickness less than the value t, in mm, obtained from the formula:

o forsteel:
t = (0,05-L+2) ko

e for aluminium alloys:
t=(0,07-L+2,5) ko5

The girder is to be fitted with a continuous face plate above the floors, its area not less than the value A, in cm?, given by

the formula:

e for steel:
A,=025-L -k

e for aluminium alloys:
A,=050-L-k

In hulls with a longitudinally framed bottom and width B > 8 m, side girders are also to be positioned in such a way as to
divide the floor span into approximately equal parts. The thickness of the web may be assumed to be equal to that of the
centre girder less 1 mm, and the area of the face plate may be reduced to 60% of that of the centre girder. Where side girders
are intended to support floors, a structural check of their scantlings is to be carried out as deemed necessary by the Society.

10.13.5 Sides and front walls

a) The section modulus and shear area of vertical primary supporting members of sides and front wall are to be calculated as
defined in [10.13.2], taking into account the following permissible stresses:

e Steel structures:
G, = 150/k — 6, (N/mm?)
T,m = 90/k (N/mm?)
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¢ Aluminium alloy structures:
O,m = 70/k — 6, (N/mm?)
1, = 45/k (N/mm?),
where o, being the stress induced by the normal force in side transverses due to deck loads transmitted by deck beams.

b) For unprotected front walls located at the fore end, the pressure p; defined in [9.6] and allowable stresses are to be considered
individually by the Society.

10.13.6 Wet deck (cross-deck bottom) and internal sides of catamaran

a) In the most common case of cross-deck structures constituted by transverse stiffener plates enclosed between lower plating
and a deck, and connected at the ends to reinforced hull structures, the scantlings are determined by transverse strength
checks [10.4.2]).

b) Where the cross-deck is formed by multiple structures, each of the latter is also to be checked for the effect of local loads
according to [10.13.2].

10.13.7 Decks
a) The primary members of decks constituting the top or bottom of tanks are also to comply with the requirements of [10.16]

b) When there are concentrated loads of significant magnitude (e.g. transmitted by pillars or other primary members or due to
local loads, deck girders are to be adequately strengthened.

In this case the structural check is, generally, to be carried out by using the static model of a beam with partial clamping at
its ends (clamping coefficient = 0,30).

The allowable stresses stipulated above are to be considered.

The beam section is to be kept constant over its length.

c) Atthe discretion of the Society, calculations based on different static models may be accepted, depending on the structural
typology adopted.

10.13.8 Deckhouse boundary walls

a) Where there is no access from inside deckhouse to ‘tween-decks below or where a deckhouse boundary wall is in a
particularly sheltered location, reduced scantlings with respect to those stipulated above may be accepted at the discretion
of the Society

b) For unprotected front walls located at the fore end, the pressure p,, and allowable stresses are to be considered individually
by the Society.

10.14 Scantling of composite primary supporting members under local loads

10.14.1 The scantling of primary supporting members is to be checked according to:

e the local loads defined in Article [9]

e the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and

¢ the calculation methodology defined in NR546 Composite ships, Section 7.

The general arrangements defined for steel and aluminium primary stiffeners are also applicable to composite primary stiffeners
arrangements.

When deemed necessary by the Society, a combination with the longitudinal hull girder stresses for the local scantling under
local loads may be carried out on a case-by-case basis.

10.15 Pillars

10.15.1 Actual compression load
Where pillars are aligned, the compressive load Q, in kN, is equal to the sum of loads supported by the pillar considered and
those supported by the pillars located above, multiplied by a weighting factor r,,.

This weighting factor r,, depends on the relative position of each pillar with respect to that considered, and is to be taken equal to:
¢ 1,0 for the pillar considered

¢ 0,9 for the pillar immediately above (first pillar of the line)

e 0,81 = 0,9 for the following pillar (second pillar of the line)

e 0,729 = 0,9’ for the third pillar of the line

e in general, 0,9" for the n pillar of the line, but not less than 0,478.

The compressive load Q is to be obtained, in kN, from the following formula:

Q = Apcp + ZrWQC

where:
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Apg : Area of the deck acting on the pillar, in m?

p : Deck load as defined in [9.8]

Qc : Load from pillars above, if any, or any other concentrated load acting on the pillar, in kN
My : Weighting factor.

10.15.2 Steel pillars
The minimum area A, in cm?, of the section of a pillar, is to be not less than:
e forO<A<1,5

A= Q-(1+0,75-1)

12
e forA>1,5
A= QN
10
where
A : Slenderness of the pillar equal to the ratio between the pillar length, in m, and the minimum radius of gyration r of

the pillar cross-section, in cm

r : Minimum radius of gyration, in cm, of the pillar cross section, equal to:

-

I : Minimum moment of inertia, in cm?, of the pillar cross section
A : Area, in cm?, of the pillar cross section.

The formula for the calculation of A applies in the case of solid, tubular or prismatic pillars of ordinary steel. Where higher tensile
steel is used, the minimum area may be determined as follows:

A’ =A-(235/Ry) provided A <1
where:
Reny . Yield stress, in N/mm?2, of the steel considered.

As a rule, each pillar is to be aligned with another pillar above or below. Stiffeners ensuring efficient load distribution are to be
fitted at the ends of pillars. Where, in exceptional circumstances, pillars support eccentric loads, the scantlings are to be
adequately increased to withstand the bending moment due to the eccentricity of the load.

Where pillars on the inner bottom are not in way of intersections of floors and girders, partial floors or other structures are to be
provided to support the load transmitted.

In general, solid or open-section pillars are to be fitted in tanks; this is compulsory for pillars located in spaces intended for
products which may produce explosive gases.

Heads and heels of pillars are to be continuously welded. The welded connections of stiffeners directly involved in the
arrangement of pillars are to be adequately stiffened where necessary.

The thickness of tubular or closed-section pillars is generally to be not less than 1/35 of the nominal diameter or greater
dimension of the section. In no case is this thickness to be less than 3mm.

The thickness of face plates of built-up pillars is to be not less than 1/18 of the unsupported span of the face plate.

10.15.3 Pillars made of aluminium alloys
a) Ciritical stress for overall buckling of pillars.

For global buckling behaviour of pillars made of aluminium alloy, the critical stress, 6, in N/mm?, is given by the formula:

c. = RpO,Z’ . C
c f,
O,85+0,25v(—-—r-£)
where:
Rpo2" Minimum as-welded guaranteed yield stress of aluminium alloy used, in N/mm?
f . Coefficient given in Tab 15 depending on the conditions of fixing of the pillar
4 : Length of pillar, in m
r : Minimum radius of gyration, in cm, of the pillar cross section, equal to:
-8
A
C :  Coefficient as given in Fig 10, and equal to:
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¢ for alloys without heat treatment:

1
T+A+ /(0 +1)2—(0,68 1)

e for alloys with heat treatment:

1
T+A+ /T +0)2=(3,2- M)

A = Reo,z'
O
_ 69,1
or = .
(5)
I : Minimum moment of inertia, in cm?, of the pillar cross section
A : Area, in cm?, of the pillar cross section.

b) Critical stress for local buckling of pillars

¢ for local buckling behaviour of a pillars made of aluminium alloy, the admissible stress 6, in N/mm?, is given by the
formula:

G = 2- RpO,Z, -C

where:

C . Coefficient as defined in [10.15.3], item a)

Rpo2" Minimum as-welded guaranteed yield stress of aluminium alloy used, in N/mm?
o . Stress defined below.

e for tubular pillars with a rectangular cross-section, the stress 6, in N/mm?, is given by:

t 2
oy = 252000 - (—)
b
where:
b : Greatest dimension of the cross-section, in mm
t : Plating thickness, in mm

e for tubular pillars with a circular cross-section, the stress o, in N/mm?, is given by:

- 1
oy = 43000 5
D : Quter diameter, in mm
t : Plating thickness, in mm

e for pillars with | cross-sections, the stress og, in N/mm?, is the lesser of the following values:

t 2
Ge = 252000 - (—W)

h\
t)?
S 105000-[51)
where:
b : Width of face plate, in mm
hy : Web height, in mm
t, : Web thickness, in mm
t : Thickness of face plate, in mm.
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Figure 10 : Coefficient C
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c) Scantlings of pillars

¢ the scantlings of pillars are to comply with the following requirements:

c<o,
<o,
where:
o, : Overall buckling critical stress, as defined in item a)
(o : Local buckling critical stress, as defined in item b)
c :Actual compressive stress, in N/mm?, in the pillar equal to:
=10 QA
with:
A . Cross-sectional area, in cm?, of the pillars
Q : Actual compression load, in kN, as defined in [10.15.1].
¢ the maximum allowable axial load, in kN, is the smaller of the following values:
P.=oc.-A-10"!
Py=6.,-A-10-!

10.15.4 Pillars made of composite materials

The compression and buckling check of pillars made of composite materials are to be carried out according to NR546, Section
8, taking into account the following safety factors in relation to the scantling criteria:

e Maximum stress in each layer: SF = 1,2 C; C;

e Combined stress in each layer: SFes = 1,2 Ces Cr
e Local buckling: SFig.o = 1,55 C;

* Global buckling: SFeg. = 1,75 C¢

where:
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Cy, Cx  : Partial safety factors defined in [4.3.2]

CCS

For unidirectional tape, bi-biais, three unidirectional fabric: Ces = 1,7,
For other type of layer: Ccs = 2,1

10.16 Tank bulkheads

10.16.1 General
Hollow profiles are not permitted as tank walls or in tanks for flammable liquids.

10.16.2 Steel and aluminium structure

a) Plating:
The thickness, in mm, is given by the following formula required for the purposes of resistance to design pressure:
t= 22’4.fm.u.S.A/GEat,,q
where:
fm . Coefficient depending on the material:
o for steel structures: f,, = 0,80
e for aluminium alloy structures: f, = 0,75
o} : Design pressure, in kN/m?, as defined in [9.9]
Gam : e Steel structures:
G, = 185/k (N/mm?)
¢ Aluminium alloy structures:
O, = 85/k (N/mm?).
In addition, thickness is also to comply with [10.9.3].
b) Ordinary stiffeners:
The section modulus, shear area and welding section required for ordinary stiffeners are given by the formulae in [10.11.2],
assuming:
m . Coefficient depending on the type of stiffener and support conditions at the ends of the stiffener span, to be taken
according to Tab 12
p : Design pressure p, as defined in [9.9]
Gom, Tam . ® Steel structures:
6. = 150/k (N/mm?)
Tom = 907k (N/mm?)
¢ Aluminium alloy structures:
G, = 70/k (N/mm?)
T,m = 45/k (N/mm?).
c) Primary supporting members:
The section modulus, shear area and welding section required for horizontal and vertical primary supporting members are
given by the formulae in [10.16.2] item b), assuming:
m . Coefficient depending on support conditions at the ends of the girder span, generally to be taken equal to 10. A
value of 12 could be accepted if supported by direct calculation
p Design pressure p, as defined in [9.9]
Gom, Tam . ® Steel structures:
6. = 150/k (N/mm?)
Tom = 907k (N/mm?)
e Aluminium alloy structures:
G.m = 70/k (N/mm?)
T,m = 45/k (N/mm?).
d) Corrugated bulkheads:
The thickness and section modulus of corrugated bulkheads, calculated as stated in [10.16.2]item a) to item c) are to be
increased by 10% and 20%, respectively.
The section modulus W,, in cm?, of a corrugation may be derived from the following formula:
W, =dt3 b +c)/6000
where:
d, t, b and c:Dimensions, in mm, as shown on Fig 11.
In no case is the angle ¢ to be less than 40°.
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10.16.3 Composite, plywood and HDPE structure
The scantling of composite, plywood and HDPE tank bulkheads is to be checked according to:

e for panel: [10.10]
¢ for ordinary stiffeners: [10.12]

e for primary supporting members: [10.14].

Figure 11 : Dimensions of corrugation

Table 15 : Coefficient f
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10.17 Subdivision bulkheads

10.17.1 Steel and aluminium structure

a) Plating:

The thickness required for the purposes of resistance to design pressure, in mm, is given by the following formula:

t=22,4-f, pn-s- [P
H Gam

where:
f Coefficient depending on the material:

e for steel structures: f,, = 0,75

e for aluminium alloy structures: f,, = 0,70
Psb : Design pressure, in kN/m?, as defined in [9.10]
Gam : o Steel structures:

G0 = 235/k (N/mm?)

e Aluminium alloy structures:

G = 95/k (N/mm?).

The thickness of the collision bulkhead is to be multiplied by 1,15.
In addition, thickness is also to comply with [10.9.3].

b) Ordinary stiffeners:

The section modulus, shear area and welding section required for ordinary stiffeners are given by the formulae in [10.13.2],

assuming;:

m : Coefficient depending on the type of stiffener and support conditions at the ends of the stiffener span, to be taken

according to Tab 12
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1
) : Design pressure py, as defined in [9.10]
Gom, Tam : @ Steel structures:
G, = 210/k (N/mm?)
Tom = 120/k (N/mm?)
e Aluminium alloy structures:
G, = 95/k (N/mm?)
T, = 55/k (N/mm?).

The section modulus, shear area and welding section required for the ordinary stiffeners of the collision bulkhead are to be
calculated considering o,,, and 1, divided respectively by 1,15 and 1,05.

¢) Primary supporting members:

The section modulus, shear area and welding section required for horizontal and vertical girders are given by the formulae
in [10.16.2], assuming:

m . Coefficient depending on support conditions at the ends of the girder span, generally to be taken equal to 10
p : Design pressure py, as defined in [9.10]
Oam, Tam : ® Steel structures:

G.m = 210/k (N/mm?)

T,m = 1207k (N/mm?)

e Aluminium alloy structures:
G.m = 95/k (N/mm?)
Tom = 55/k (N/mm?2).

The section modulus, shear area and welding section required for the primary supporting members of the collision bulkhead
are to be calculated considering c,,, and t,,, divided respectively by 1,3 and 1,2.

d) Corrugated bulkheads:

The thickness and section modulus of corrugated bulkheads, calculated as stated in [10.17.1], items a) to c) are to be
increased by 10% and 20%, respectively.

The section modulus of a corrugation is to be calculated as indicated in [10.16.2], item d).
e) Non-tight bulkheads:

The thickness of plating of non-tight bulkheads which do not act as pillars is to be not less than 2 mm for steel bulkheads,
and 3 mm for aluminium alloy bulkheads, and vertical stiffeners are to be not more than 900 mm apart.

Vertical stiffeners of bulkheads which do not act as pillars are to have a section modulus (calculated in association with a
width of plating equal to the stiffener spacing but not exceeding 750 mm) not less than the value, in cm?, given by the formula:

Z=2s%

In the case of tanks extending from side to side, a wash bulkhead is generally to be fitted amidships; the plating thickness is
to be not less than 2 mm for steel bulkheads, and 3 mm for aluminium alloy bulkheads, and it is to be strengthened by vertical
stiffeners.

f)  Bulkheads which act as pillar:

Vertical stiffeners of bulkheads which act as pillars are to have a section modulus (calculated in association with a width of
plating equal to the stiffener spacing but not exceeding 750 mm) not less than the value, in cm?, given by the formula:

Z=2,655%
In addition, each vertical stiffener, in association with a width of plating equal to 50 times the plating thickness, is to comply
with the requirements for pillars given in [10.15], the load supported being determined in accordance with the same
provisions.

10.17.2 Composite, plywood and HDPE subdivision bulkheads

The scantling of composite, plywood and HDPE subdivision bulkheads is to be checked according to:

e for panel: [10.10]

e for ordinary stiffeners: [10.12]

e for primary supporting members: [10.14].
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11 Direct calculations for primary structure

11.1 General

11.1.1 In compliance with [1.2], direct calculations generally require to be carried out, in the opinion of the Society, to check
primary structures for craft with speed V > 45 knots.

11.1.2 This may be the case, for example, in the following cases:

¢ elements of the primary transverse ring (beam, web and floor) have very different cross section inertiae, so that the boundary
conditions for each are not well-defined

e marked V-shapes, so that floor and web tend to degenerate into a single element
e complex, non-conventional geometries

¢ significant racking effects on the structure

e structures contributing to longitudinal strength with large windows in side walls.

11.2 Loads

11.2.1 In general, the loading conditions specified in [11.2.6] to [11.2.10] are to be considered.

11.2.2 In relation to special structure or loading configurations, should some loading conditions turn out to be less significant
than others, the former may be ignored at the discretion of the Society. In the same way, it may be necessary to consider further
loading conditions specified by the Society in individual cases.

11.2.3 The vertical and transverse accelerations are to be calculated as defined in Article [7].

11.2.4 The impact pressure is to be calculated as defined in Article [9]. For each floor, the K,-factor which appears in the formula
for the impact pressure is to be calculated as a function of the area supported by the floor itself.

11.2.5 In three-dimensional analyses, special attention is to be paid to the distribution of weights and buoyancy and to the
dynamic equilibrium of the craft.

In the case of three-dimensional analyses, the longitudinal distribution of impact pressure is to be considered individually, in the
opinion of the Society. In general, the impact pressure is to be considered as acting separately on each transverse section of the
model, the remaining sections being subject to the hydrostatic pressure.

11.2.6 Loading conditions in still water
The following loads are to be considered:

¢ forces caused by weights which are expected to be carried in the full load condition, distributed according to the weight
booklet of the craft

e outer hydrostatic load in still water.

11.2.7 Combined loading condition 1
The following loads are to be considered:

¢ forces caused by weights which are expected to be carried in the full load condition, distributed according to the weight
booklet of the craft

e forces of inertia due to the vertical acceleration a, of the craft, considered in a downward direction.

11.2.8 Combined loading condition 2
The following loads are to be considered:

e forces caused by weights which are expected to be carried in the full load condition, distributed according to the weight
booklet of the craft

e forces of inertia due to the vertical acceleration a, of the craft, considered in a downward direction
e impact pressure acting on the bottom of the craft (2 cases):
- case 1: symmetrically and according to [11.2.5]

- case 2: asymmetrically and acting on one side of a complete compartment between transverse bulkheads, the other side
being subject to hydrostatic load in still water.

11.2.9 Combined loading condition 3
The following loads are to be considered when significant racking effects are anticipated:

e forces caused by weights which are expected to be carried in the full load condition, distributed according to the weight
booklet of the craft

e forces of inertia due to the transverse acceleration of the craft.

11.2.10 Loading case for catamaran
In addition to the loading cases defined from [11.2.6] to [11.2.9], the loading case defined in [8.2.6] is to be considered.
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11.3 Structural model

11.3.1 Primary structures may usually be modelled with beam elements. When the geometry of the structures gives reason to
suspect the presence of high stress concentrations, finite element analyses are necessary.

11.3.2 In general, the extent of the model is to be such as to allow analysis of the behaviour of the main structural elements and
their mutual effects.

11.3.3 When the stiffness of longitudinal primary members (girders and stringers) is, at least outside the machinery space area,
negligible compared with the stiffness of transverse structures (beams, floors and webs), their presence may be taken account of
by suitable boundary conditions. It is therefore acceptable in this case to examine primary members in this area of the hull by
means of plane analyses of transverse rings.

In cases where such approximation is not acceptable, the model adopted is to be three-dimensional and is to include the
longitudinal primary members.

11.3.4 When racking behaviour is investigated and loads thus act in the transverse direction (loading condition 3), special
attention is to be devoted to modeling of continuous decks and platforms. Such continuous elements, if of sufficient stiffness in
the horizontal plane and if sufficiently restrained by the fore and after bodies, may withstand transverse deformations of primary
rings.

In such cases, it is still permissible to examine bidimensional rings, by simulating the presence of decks and platforms with
horizontal springs according to criteria specified by the Society.

11.4 Boundary conditions

11.4.1 Depending upon the loading conditions considered, the following boundary conditions are to be assigned:
a) Loading condition in still water and combined loading conditions 1 and 2:

¢ horizontal and transverse restraints, in way of the crossing point of bottom and side shells, if the angle between the two
shells is less than approximately 135°

¢ horizontal and transverse restraints, in way of keel, if the bottom/side angle is greater than approximately 135°.
b) Combined loading condition 3:

The vertical and horizontal resultants of the loads, in general other than zero, are to be balanced by introducing two vertical
forces and two horizontal forces at the fore and aft ends of the model, distributed on the shells according to the bidimensional
flow theory for shear stresses, which are equal and opposite to half the vertical and horizontal resultants of the loads.

¢) Loading case for catamaran:
General boundary conditions defined in [8.2.6] and Fig 3 are to be considered.

11.5 Checking criteria for primary structure

11.5.1 Steel and aluminium structures
a) General:

For steel and aluminium structure, actual stresses deduced from direct calculations for primary structure are to be not greater
than the following allowable values, in N/mm?:

¢ bending stress:

Oam = k‘1f'5m0~ T
e shear stress:
Tom = k-?':-fs
¢ Von Mises equivalent bending stress:
1
where:
f'm :  Coefficient depending on the material:
e for steel structures: 1,00
e for aluminium alloy structures: 2,15
f, : Safety coefficient, to be assumed:
e for combined loading conditions: 1,00
¢ for loading condition in still water: 1,25
k : Material factor defined in Article [3].
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b) Buckling:

The compressive values of normal stresses and shear stresses are not to exceed the values of the critical stresses for plates and
stiffeners calculated according to [10.6] and [10.7].

Note 1: In structural elements also subject to high longitudinal hull girder stresses, previous allowable and critical stresses for primary structure
check are to be reduced, according to criteria specified by the Society.

11.5.2 Composite, plywood and HDPE structures

The scantling of composite, plywood and HDPE structures is to be checked according to:

¢ the loads defined in [11.2]

e the safety factor criteria defined in [4.3] for composite, [5.2] for plywood and [6.1] for HDPE, and
* the calculation methodology defined in NR546 Composite Ships.

12 Construction and testing

12.1 General

12.1.1 Hull construction survey and testing procedures within the scope of classification of ships are defined in:
e for hull made of steel material: NR600, Ch 7, Sec 3 and NR600, Ch 7, Sec 4

¢ for hull made of aluminium alloys: NR600O, Ch 7, Sec 3 and NR561, Section 9

e for hull made of composite materials, plywood and HDPE: NR600O, Ch 7, Sec 3 and NR546, Section 12.
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Section 4 Outfittings

1 Transfer of personnel

1.1 General

1.1.1  Definition of contact area

Contact area means the area that may be in direct contact with the wind turbine structure when IP are boarding or leaving the
wind turbine.

1.1.2 Fendering arrangement

A fender is to be fitted in order to avoid direct contact between the hull structure and the offshore installation or the offshore
wind turbine. The fendering system purpose is to be so designed and arranged in order to:

o distribute the contact loads within the hull structure

¢ limit the vibrations resulting from high frequency contact loads.

1.1.3  Hull structures in way of fender
The hull structures in way of fender is to so designed to support the contact loads defined in [1.1.4].

1.1.4 The contact loads between ship and the offshore installation or offshore wind turbine are to be defined by the Designer
together with their application points.

1.2 Platform

1.2.1  Visibility
Navigation bridge is to enable a clear view of the transfer area.

1.2.2 Location

When transfer area is placed near the aft part of the ship, special equipment is to be provided to prevent people from falling
overboard.

1.2.3 Handrails and guard rails
Handrails or guard rails are to be fitted in the transfer area.

1.3 Access system

1.3.1  General
Systems for transfer of personnel are to comply with the requirements given in N1629.

2 Hull appendages

2.1 Propeller shaft brackets

211 Loads

The scantling of propeller shaft brackets, consisting of one or two arms, are to be examined taking into account bending moment
calculated in accordance with NR467 Steel Ships, Pt B, Ch 12, Sec 3.

21.2 Scantling

For propeller shaft brackets built in steel or aluminium, the scantlings are to be in accordance with the requirements defined in
NR467 Steel Ships, Pt B, Ch 12, Sec 3. For aluminium, the value of 65, may be taken equal to 0,35R’;;,,, where R}, is defined
in Sec 3, [3.3.2].

For propeller shaft brackets built in composite materials, the scantlings are to be checked by direct calculation, taking into
account the checking criteria defined in Sec 3, [4.3.3] where the safety factors are to be increased by a coefficient to be taken at
least equal to:

¢ 1,8 for the main stress safety factor

e 1,5 for the combined stress safety factor.

with partial safety factor Ci = 1
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2.2 Waterjets

2.2.1 The supporting structures of waterjets are to be able to withstand the loads thereby generated in the following conditions:
¢ maximum ahead thrust
e maximum thrust at maximum lateral inclination

* maximum reversed thrust (going astern).

Information on the above loads is to be given by the waterjet manufacturer and supported by documents.

2.2.2 For each waterjet, following loading cases are to be investigated:

LDC1 : Internal hydrodynamic pressure py, in the built-in nozzle

LDC2 : Horizontal longitudinal force F,; in normal service (ahead)

LDC3 : Horizontal transverse force F, and associated moment M, during steering operation

LDC4 : Horizontal longitudinal force F,,, vertical force F, and overturning moment M, in crash-stop situation.

2.2.3 The actual location of the thrust bearing is to be adequately considered (either located aft of the stem in the stator bowl or
inside the waterjet compartment).

2.2.4 The scantlings are to be checked by direct calculations.

2.2.5 Tab 1 indicates the loading cases to be considered for the various components of the waterjet system. Other loading cases
could be considered for specific or new design.

Table 1 : Loading cases

Component LDC 1 LDC 2 LDC 3 LDC 4
plating X (1) X (2)
Built-in nozzle
bending behaviour X (3)
Ship stem X (2) X X @4)
Bolting on stem X (5) X (5)

(1) To be checked under lateral pressure and against fatigue behaviour

(2) Buckling to be checked (100% of F, transferred by built-in nozzle in case of thrust bearing aft of the stem)
(3) Ratio of M, directly sustained by the built-in nozzle to be estimated on basis of relative stiffnesses

(4) Ratio of M, directly sustained by the transom structure to be estimated on basis of relative stiffnesses

(5) Bolting calculation taking account of the actual pre-tension in bolts.

2.2.6 The stress criteria for static analysis may be taken as the following one, in N/mm?:

¢ bending stress:

150
O T,

® shear stress:

90
Tam =
k-fon

¢ Von Mises equivalent bending stress:

_ 190
S N
where:
' : Coefficient depending on the material:
e 1,00 for steel structures
¢ 2,15 for aluminium alloy structures
k : Material factor defined in Sec 3, [3].

2.2.7 The stress criteria for fatigue analysis are to be specified by the designer.

2.2.8 The shell thickness in way of nozzles as well as the shell thickness of the tunnel are to be individually considered. In
general, such thicknesses are to be not less than 1,5 times the thickness of the adjacent bottom plating.
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2.2.9 General principles to be followed for such structures subject to cyclic loadings are listed hereafter:
¢ continuous welding

¢ shear connections between stiffeners and transverse frames

¢ soft toe brackets

* no sniped ends

¢ no termination on plate fields

* no scallops in critical areas

¢ no start and stop of welding in corners or at ends of stiffeners and brackets

¢ possibly grinding of toes of critical welds.

Note 1: As a guidance, the following criteria may be considered:

The bending natural frequency of plates and strength members of the hull in the area of waterjets should not be less than 2,3 times the blade
frequency for structures below the design waterline and between transom and aft engine room bulkhead. Structural components (such as the
casing of waterjet and accessory parts and the immersed shell area) which may transfer pressure fluctuations into the ship structure have to fulfill
the requirements of the waterjet manufacturer. Especially with regard the grids installed in the inlet duct, the hydrodynamic design should assure
an unproblematic operation with respect to cavitation phenomenon.

This checking is left to the manufacturers.

2.2.10 Water jet tunnel in composite materials
The structure of water jet tunnel built in composite materials are to be examined accordingly the loading cases defined in this
sub article taking into account the rule safety factors defined in Sec 3, [4.3].

3 Rudders

3.1 General

3.1.1 The scantlings of rudders built in steel are to be in accordance with the requirements defined in NR467 Steel Ships, Pt B,
Ch 12, Sec 1, [1] to [7].
For rudder built in aluminium alloys, the material factor k; to be taken into account in the scantling formulae is to be taken equal
to:
k= 29235

R lim
where:

Rjim : Minimum yield stress of the aluminium alloys considered, to be taken equal to the minimum value, in welded
condition, between R’,, (proof stress) and 0,7 R’, (tensile strength), where R’ , and R’ are defined in Sec 3, [3.3.1]

In the non-welded areas, R}, may be taken equal as defined here above in non welded condition on a case by case basis.
The ahead service speed to be taken into account in the rudder check is to be taken equal to the minimum value between:
e Va

o 2/3 (Vay+ 2 Ly >

where:

Vay : Maximum ahead service speed, in knots.

Rudders built in composite materials are to be examined on a case-by-case basis by the Society taking into account safety factor
criteria defined in Sec 3, [4.3.3] where Rules safety factors are to be increased by a coefficient to be taken at least equal to 1,3.

3.2 Rudder horn and solepiece

3.21 General
Arrangement of rudder horn and solepiece, if fitted, are to be in accordance with NR467 Steel Ships, Pt B, Ch 12, Sec 1, [8].

3.2.2 Rudder horn scantling
The scantling of rudder horn built in steel is to be as defined in NR467 Steel Ships, Pt B, Ch 12, Sec 1, [8].

For rudder horn built in aluminium alloys, the allowable stresses to be taken into account are as follows:

TaLL :  Allowable shear stress, in N/mm?, equal to:
TaL =20/k

ora  © Allowable equivalent stress, in N/mm?, equal to:
Gea =50/k

ogar - Allowable bending stress, in N/mm?, equal to:
O =30/k

where:
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k : Material factor for aluminium, defined in Sec 3, [3.2.3]

Rudder horns in composite materials are to be examined on a case-by-case basis by the Society taking into account safety factor
criteria defined in Sec 3, [4.3.3] where the Rules safety factors are to be increased by a coefficient to be taken at least equal to:

¢ 1,9 for the main stress safety factor

¢ 1,3 for the combined stress safety factor.

3.2.3 Solepieces scantling
The scantling of solepieces built in steel is to be as defined in NR467 Steel Ships, Pt B, Ch 12, Sec 1, [8].

For solepieces in aluminium alloys, the allowable stresses to be taken into account are the following ones:

ogar - Allowable bending stress, in N/mm?, equal to:
O =357k

TaLL : Allowable shear stress, in N/mm?, equal to:
TaL =20/k

Solepieces in composite materials are to be examined on a case-by-case basis by the Society taking into account safety factor
criteria defined in Sec 3, [4.3.3] where the Rules safety factors are to be increased by a coefficient to be taken at least equal to:

¢ 1,9 for the main stress safety factor
e 1,3 for the combined stress safety factor.

3.3 Nozzles and azimuth propulsion system

3.3.1  General

The scantling of nozzles and azimuth propulsion system built in steel are to be as defined in NR467 Steel Ships, Pt B, Ch 12, Sec
1, [10] and [11] respectively.

4 Equipment

4.1 Documents to be submitted

4.1.1 A detailed drawing, showing all the elements necessary for the evaluation of the equipment number of the crew boat, is
to be submitted together with the calculations of the EN number. The anchoring equipment to be fitted on the concerned crew
boat is to be specified.

4.1.2 Windlass, brake and chain stopper are subject to approval by the Society; the relevant documentation is to be submitted.

4.2 General

4.2.1 Itis assumed in this Sub article that crew transfer vessels will only need an anchor for emergency purposes.

4.2.2 All anchoring equipment, towing bitts, mooring bollards, fairleads, cleats and eyebolts shall be so constructed and attached
to the hull that, in use up to design loads, the watertight integrity of the craft will not be impaired.

4.2.3 Only anchoring equipment is considered for the purpose of classification. The design of all the out-fittings used for mooring
operation and their connection to the deck is out of scope of classification.

4.3 Anchoring

4.3.1 Crew transfer vessels are to be provided with at least one anchor with its associated cable or cable and warp and means
of recovery. Crew transfer vessels are to be provided with adequate and safe means for releasing the anchor and its cable and
warp.

4.3.2 Good engineering practice is to be followed in the design of any enclosed space containing the anchor-recovery
equipment to ensure that persons using the equipment are not put at risk. Particular care is to be taken with the means of access
to such spaces, the walkways, the illumination and protection from the cable and the recovery machinery.

4.3.3 Adequate arrangements are to be provided for two-way voice communication between the operating compartment and
persons engaged in dropping, weighing or releasing the anchor.

4.3.4 The anchoring arrangements are to be such that any surfaces against which the cable may chafe (for example, hawse pipes
and hull obstructions) are designed to prevent the cable from being damaged and fouled. Adequate arrangements are to be
provided to secure the anchor under all operational conditions.

4.3.5 The crew boat is to be protected so as to minimize the possibility of the anchor and cable damaging the structure during
normal operation.
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44 Towing

4.4.1 Adequate arrangements are to be provided to enable the crew transfer vessel to be towed in the worst intended conditions.
Where towage is to be from more than one point, a suitable bridle shall be provided.

4.4.2 The towing arrangements are to be such that any surface against which the towing cable may chafe (for example, fairleads)
is of sufficient radius to prevent the cable being damaged when under load.

4.4.3 The maximum permissible speed at which the crew transfer vessel may be towed is to be specified by the Designer.

4.5 Berthing

4.5.1 Where necessary, suitable fairleads, bitts and mooring ropes are to be provided.

4.5.2 Adequate storage space for mooring lines is to be provided such that they are readily available and secured against the
high relative wind speeds and accelerations which may be experienced.

4.6 Equipment

4.6.1 General

a) the anchoring equipment required in [4.6.2] is intended for temporary occasional mooring of a crew transfer vessel within a
harbour or sheltered area when the crew transfer vessel is awaiting berth, tide, etc

b) the equipment is therefore not designed to hold a crew transfer vessel off fully exposed coasts in rough weather or to stop a
crew transfer vessel which is moving or drifting. In this condition the loads on the anchoring equipment increase to such a
degree that its components may be damaged or lost owing to the high energy forces generated, particularly in large crew
transfer vessels

c) for crew transfer vessels where frequent anchoring in open sea is expected, the owner's and shipyard's attention is drawn to
the fact that anchoring equipment shall be provided in excess of the requirements of these Rules

d) for crew transfer vessels with an Equipment Number EN greater than 600, two anchors and two relevant chain cables are
required. For such ships engaged in a regular service, the second anchor and its relevant chain cable may be hold readily
available in one of the home ports

e) the anchoring equipment required in [4.6.2] is designed to hold a ship in good holding ground in conditions such as to avoid
dragging of the anchor. In poor holding ground, the holding power of the anchors will be significantly reduced

f) the Equipment Numeral (EN) formula for anchoring equipment, as stipulated in [4.6.2], is based on an assumed current speed
of 2,5 m/s, wind speed of 25 m/s and a scope of chain cable between 6 and 10, the scope being the ratio between length of
chain paid out and water depth

g) for small crew transfer vessels with a length L <25 m, some partial exemption from the Rules may be accepted especially for
what concerns anchor operation; in particular, where proper and safe anchor operation is assured, hand-operated machinery
and/or absence of hawse pipe may be accepted.

4.6.2 Equipment number

a) General

e each crew transfer vessel is to be provided with anchors and relevant stud link chain cables according to its equipment
number EN, as stipulated in Sec 3, Tab 2 and [4.6.1]

¢ when two bow anchors are fitted, the mass of each anchor, the diameter and the length of each chain cable are to comply
with Tab 2.

b) Calculation of equipment number for monohull
The equipment number EN is to be calculated as follows:

EN = Am+2~[a~B+Z(bi~hi~sin@i)}rOJ A

where:

A : Area, inm?, in profile view of the hull, superstructures and deck houses above the summer load waterline, which
is within the rule length of the crew boat defined in Sec 3, [1.4] and with a breadth greater than B/4

a : Distance, in m, from summer load waterline amidships to the upper deck at side
Maximum displacement, in t

h; : Height, in m, on the centreline of each tier of deck houses having an actual breadth b;greater than B/4, where B
is the breadth, in m, as defined in Sec 3, [1.4]

O, : Angle of inclination aft of each front bulkhead, as shown on Fig 1.

In the measurement of h;, sheer and trim are to be ignored.

If a deck house broader than B/4 is placed on top of another deck house equal to or less than B/4 in breadth, only the widest
is to be considered and the narrowest may be ignored.
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Windscreens or bulwarks more than 1,5 m in height above the deck at side are to be regarded as parts of superstructures and
houses when determining h; and A. The height of hatch coamings may be ignored in the evaluation of h; and A.

In the calculation of A, when a bulwark is more than 1,5 m in height, the cross hatched area of Fig 1 is to be considered.

c) Calculation of equipment number for multihull

The equipment number is to be calculated as follows:

EN = Km~A2/3+2~[a~B+Z(bi~hi~sinei)—S.}rOJ -A

Where:
o for vessel with N identical hulls:
K, = N3
i.e.:
- for catamarans: K, = 1,26
- for trimarans: K, = 1,44

- for quadrimarans: K, = 1,59

e for vessel with one mid hull and 2*n non-identical lateral hulls (N = 2*n+1):

(Bo-To)""+2- (B, T)"”
Km = i=1

n 2/3
(BU-T0+2»ZBi-TJ

i=1

e for vessel with non identical hulls, but of an even number (N = 2*n):

> (B Ty

m :21/3.i:n 2/2
[z
i=1
S : Transverse area, amidships, of the tunnel(s) existing between the hulls and the waterline
By, To Breadth and draught, in m, of the mid full hull (if any), measured amidship (See Fig 2)
B, T, : Breadth and draught, in m, of the lateral hulls, measured amidship (See Fig 2
N : Total number of vessel hulls
n : Number of lateral hulls on one side of the longitudinal symmetry plane of the vessel
A : Total displacement of the vessel, in t.
Figure 1 :

\

|

| ®
1,5m i )

S

-

-

”
|
|
\
NN
N
e

Q

Summer load waterline /

Rules for the Classification of Crew Transfer Vessels - NR490
Section 4

TV
FUVEN
)

BURY
SY

1828

VERITAS

n
m

\

July 2025
62



NR490, Sec 4

Figure 2 :
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4.6.3 Anchors
The anchors are to be of an approved type and satisfy the testing conditions laid down in NR216 Materials and Welding.

a) Mass of anchors
¢ normally HHP or VHHP anchors are to be used. Possible use of ordinary anchors will be specially considered by the Society.
e Tab 2 indicates the mass of a “high holding power anchor” (HHP) i.e. anchor having a holding power greater than that

of an ordinary anchor
e “Very high holding power anchors” (VHHP), i.e. anchors having a holding power equal to, at least, four times that of an
ordinary anchor, may be used

¢ the actual mass of each anchor may vary within (+7, =3) per cent of the value shown in Tab 2
¢ the mass of a VHHP anchor is to be not less than 2/3 of the mass required for the HHP anchor it replaces

b) Tests for high holding power anchors approval
For approval of a HHP anchor, comparative full scale tests are to be performed to show that the holding power of the HHP
anchor is at least twice the holding power of an ordinary stockless anchor of the same mass.
For approval as HHP anchors of a whole range of mass, such tests are to be carried out on anchors whose sizes are, as far as
possible, representative of the full range of masses proposed. In this case, at least two anchors of different sizes are to be
tested. The mass of the maximum size to be approved is to be not greater than 10 times the maximum size tested. The mass
of the smallest is to be not less than 0,1 times the minimum size tested.

c) Tests for very high holding power anchors approval
For approval of a VHHP anchor, comparative full scale tests are to be performed to show that the holding power of the VHHP
anchor is to be at least four times the holding power of an ordinary stockless anchor of the same mass or at least twice the
holding power of a previously approved HHP anchor of the same mass.
For approval as VHHP anchors of a whole range of mass, such tests are to be carried out on anchors whose sizes are, as far
as possible, representative of the full range of masses proposed. In this case, at least three anchors of different sizes are to be
tested, indicative of the bottom, middle and top of the mass range.

d) Specification for tests on high holding power and very high holding power anchors
Full scale tests are to be performed on various types of sea bottom: soft mud or silt, sand or gravel and hard clay or similar
compounded material.
Tests are generally to be carried out from a tug. Shore based tests may be accepted by the Society on a case-by-case basis.
The holding power test load is to be less than or equal to the proof load of the anchor, specified in NR216 Materials and
Welding, Ch 10, Sec 1.
For each series of sizes, the two anchors selected for testing (ordinary stockless and HHP anchors for testing HHP anchors,
ordinary stockless and VHHP anchors or, when ordinary stockless anchors are not available, HHP and VHHP anchors for
testing VHHP anchors) are to have the same mass.
The length of chain cable connected to each anchor, having a diameter appropriate to its mass, is to be such that the pull on
the shank remains horizontal. For this purpose a value of the ratio between the length of the chain cable paid out and the
water depth equal to 10 is considered normal. A lower value of this ratio may be accepted by the Society on a case-by-case
basis, without being less than 6.
Three tests are to be carried out for each anchor and type of sea bottom.
The pull is to be measured by dynamometer; measurements based on the RPM/bollard pull curve of tug may, however, be
accepted instead of dynamometer readings.
Note is to be taken where possible of the stability of the anchor and its ease of breaking out.
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4.6.4 Chain cables

g)

Bow anchors are to be used in connection with stud link chain cables whose scantlings and steel grades are to be in
accordance with the requirements of NR216 Materials and Welding

Normally grade Q2 or grade Q3 stud link chain cables are to be used with HHP and VHHP anchors
Proposal for use of grade Q1 chain cables connected to ordinary anchors will be specially considered by the Society
For crew boat with an Equipment Number EN < 205, studless short link chain cables may be used, provided that:
¢ steel grade of the studless chain is to be equivalent to the steel grade of the stud chains it replaces:
- Class M (4) [grade 400], i.e. grade SL2 as defined in NR216 “Materials and Welding”, in lieu of grade Q2
- Class P (5) [grade 5001, i.e. grade SL3 as defined in NR216 “Materials and Welding”, in lieu of grade Q3.
¢ equivalence in strength is to be based on proof load
¢ the studless chain cable meets the requirements of the Society.

The proof loads PL and breaking loads BL, in kN, required for the studless link chain cables are given by the following
formulae, where d, in mm, is the required diameter of grade Q2 and grade Q3 stud chain cables taken from Tab 2:

e grade Q2:
PL,=9,807 - d?- (44-0,08-d)- 1073
BL,=2-PL,

e grade Q3:
PL,=13,73-d?-(44-0,08-d)- 1073
BL, =2 - PL,

The method of manufacture of chain cables and the characteristics of the steel used are to be approved by the Society for
each manufacturer. The material from which chain cables are manufactured and the completed chain cables themselves are
to be tested in accordance with the appropriate requirements

Chain cables are to be made of unit lengths (“shots”) of 27,5 m minimum joined together by Dee or lugless shackles.

4.6.5 Steel wire ropes for anchors

a)

b)

Steel wire ropes may be used as an alternative to stud link chain cables required in Tab 2 when EN <500, provided that the
following requirements are complied with

The length L,,, in m, of the steel wire rope is to be not less than:
e when EN<130:
Lowr = Len
¢ when 130 < EN < 500:
Lo = Loy - (EN + 850) / 900
where L, is the length of stud link chain cable required by Tab 2
The effective breaking load of the steel wire rope is to be not less than the required breaking load of the chain cable it replaces
The breaking load, in kN, of the chain cable diameters may be derived from the following formulae:
¢ for grade Q2 chain cables:
BL=13,73-d*- (44-0,08-d)- 103
¢ for grade Q3 chain cables:
BL=19,61 -d*-(44-0,08-d)- 103

where d is, in mm, the chain cable diameter taken from Tab 2 corresponding respectively to grade Q2 and grade Q3 chain
cables

A short length of chain cable having scantlings complying with [4.6.4] is to be fitted between the steel wire rope and the bow
anchor. The length of this chain part is to be not less than 12,50 m or the distance from the anchor in its stowed position to
the windlass, whichever is the lesser.

4.6.6 Synthetic fibre ropes for anchors

a) Synthetic fibre ropes may be used as an alternative to stud link chain cables required in Tab 2 when EN < 130, provided that
the following requirements are complied with
b) Fibre ropes are to be made of polyamide or other equivalent synthetic fibres, excluding polypropylene
c) The length Ly, in m, of the synthetic fibre rope is to be not less than:
e when EN<60:
Ly = Ly
¢ when 60 < EN < 130:
L = Ly, - (EN + 170)/200
where L, is the length of stud link chain cable required by Tab 2
d) The effective breaking load P,, in kN, of the synthetic fibre rope is to be not less than the following value:
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P,=22 B L%

where BL, in kN, is the required breaking load of the chain cable replaced by the synthetic fibre rope (BL can be determined
by the formulae given in [4.6.5], item d)

e) A short length of chain cable complying with [4.6.5], item e) is to be fitted between the synthetic fibre rope and the bow
anchor.

4.6.7

Attachment pieces

Both attachment pieces and connection fittings for chain cables are to be designed and constructed in such a way as to offer the
same strength as the chain cable and are to be tested in accordance with the appropriate requirements.

4.6.8 Arrangement of anchors and chain cables
The bow anchors, connected to their own chain cables, are to be so stowed as to always be ready for use.

Hawse pipes are to be of a suitable size and so arranged as to create, as far as possible, an easy lead for the chain cables and

efficient housing for the anchors.

For this purpose, chafing lips of suitable form with ample lay-up and radius adequate for the size of the chain cable are to be
provided at the shell and deck. The shell plating at the hawse pipes is to be reinforced as necessary.

Table 2 : Equipment

Equipment Number EN HHP bow anchor Stud link chain cable for bow anchor
A<EN<B Mass of each Number of Diameter (1)
A B anchor (kg) anchors Total length (m) grade Q2 steel (mm) | grade Q3 steel (mm)
19 22 16 1 65,0 (6,0) (5,5)
22 25 20 1 70,0 (6,5) (6,0)
25 30 24 1 70,0 (7,0) (6,5)
30 35 28 1 75,0 (7,5) (7,0)
35 40 32 1 75,0 (8,0 (7,5)
40 45 40 1 80,0 (8,5) (7,5)
45 50 48 1 82,5 9,0) (8,0)
50 60 60 1 82,5 (10,0) (8,5)
60 70 67 1 82,5 11,0 9,5)
70 80 75 1 110,0 11,0 (10,0)
80 90 90 1 110,0 12,5 11,0
90 100 105 1 110,0 12,5 11,0
100 110 120 1 110,0 14,0 12,5
110 120 135 1 110,0 14,0 12,5
120 130 150 1 110,0 14,0 12,5
130 140 180 1 110,0 16,0 14,0
140 150 195 1 137,5 16,0 14,0
150 175 225 1 137,5 17,5 16,0
175 205 270 1 137,5 17,5 16,0
205 240 315 1 137,5 19,0 17,5
240 280 360 1 137,5 20,5 19,0
280 320 430 1 165,0 22,0 20,5
320 360 495 1 165,0 24,0, 22,0
360 400 525 1 165,0 26,0 22,0
400 450 585 1 165,0 26,0 24,0
450 500 675 1 192,5 28,0 26,0
500 550 765 1 192,5 30,0 26,0
550 600 855 1 192,5 32,0 28,0
600 660 900 2 385,0 32,0 30,0
660 720 970 2 385,0 34,0 30,0
720 780 1080 2 440,0 36,0 32,0
780 840 1125 2 440,0 36,0 32,0
840 910 1195 2 440,0 38,0 34,0
910 980 1305 2 440,0 40,0 36,0
980 1060 1440 2 440,0 42,0 36,0
1060 1140 1575 2 440,0 42,0 38,0
1140 1220 1710 2 467,5 44,0 38,0
1220 1300 1845 2 467,5 46,0 40,0

(M

Values of chain cable diameters shown in brackets are given only to allow determination of the corresponding studless chain cable.
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4.6.9 Windlass

a) The windlass is to be power driven and suitable for the size of chain cable, and is to have the characteristics stated below

b) The windlass is to be fitted in a suitable position in order to ensure an easy lead of the chain cable to and through the hawse
pipe; the deck, at the windlass, is to be suitably reinforced

¢) The windlass is to be able to supply, for at least 30 minutes, a continuous duty pull P¢, in N, corresponding to the grade of
the chain cables, given by the following formulae:

¢ for grade Q2 chain cables:

Pe=42,5 -
e for grade Q3 chain cables:
Pc=47,5-

where d is the stud link chain cable diameter of the intended steel grade, in mm.
d) The windlass unit prime mover is to provide the necessary temporary overload capacity for breaking out the anchor.

The temporary overload capacity or “short term pull” is to be not less than 1,5 times the continuous duty pull P for at least
two minutes.

The speed in this overload period may be lower than the nominal speed specified in [4.6.9], item e).

e) The nominal speed of the chain cable when hoisting the anchor and cable may be a mean speed only and is to be not less
than 0,15 m/s.

The speed is to be measured over two shots of chain cable during the entire trip; the test is to commence with 3 shots (82,5 m)
of chain fully submerged, or with the longest practicable submerged chain length where the chain length does not allow 3 shots
to be paid out.

f)  The windlass is to be provided with a brake having sufficient capacity to stop chain cable and anchor when paying out, even
in the event of failure of the power supply

g) Windlass and brake not combined with a chain stopper have to be designed to withstand a pull of 80% of the breaking load
of the chain cable without any permanent deformation of the stressed parts and without brake slip.

Windlass and brake combined with a chain stopper have to be designed to withstand a pull of 45% of the breaking load of
the chain cable.

h) The stresses on the parts of the windlass, its frame and brake are to be below the yield point of the material used.
The windlass, its frame and the brake are to be efficiently anchored to the deck.

i) Performance criteria and strength of windlasses are to be verified by means of workshop testing according to the Society Rules.

4.6.10 Chain stopper

A chain stopper is normally to be fitted between the windlass and the hawse pipe in order to relieve the windlass of the pull of
the chain cable when the ship is at anchor.

A chain stopper is to be capable of withstanding a pull of 80% of the breaking load of the chain cable; the deck at the chain
stopper is to be suitably reinforced.

However, fitting of a chain stopper is not compulsory.

Chain tensioners or lashing devices supporting the weight of the anchor when housed in the anchor pocket are not to be
considered as chain stoppers.

Where the windlass is at a distance from the hawse pipe and no chain stopper is fitted, suitable arrangements are to be provided
to lead the chain cable to the windlass.

4.6.11 Chain locker

The chain locker is to be of a capacity adequate to stow all chain cable equipment and provide an easy direct lead to the windlass.
Where two anchor lines are fitted, the port and starboard chain cables are to be separated by a steel bulkhead in the locker.

The inboard ends of chain cables are to be secured to the structure by a fastening able to withstand a force not less than 15%
nor more than 30% of the breaking load of the chain cable.

In an emergency, the attachments are to be easily released from outside the chain locker.
Where the chain locker is arranged aft of the collision bulkhead, its boundary bulkheads are to be watertight and a drainage
system provided.

4.6.12 Anchoring sea trials

The anchoring sea trials are to be carried out on board in the presence of a Society surveyor.
The test is to demonstrate that the windlass complies with the requirements given in [4.6.9], item e).

The brake is to be tested during lowering operations.
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5 Stabilisation means

5.1 General

5.1.1 Two different situations are to be considered for the purpose of Sec 3, depending on the main function of the stabilisation
system:

¢ Situation 1: The stabilisation system is associated with the safe operation of the crew transfer vessel. In that case, the system
is covered by the present Rules

¢ Situation 2: The stabilisation system is only a motion reduction or a ride control system. In such a situation, the system is not
covered by the present Rules.

5.1.2 Foils and trim tab supports
Foils and trim tab supports are not covered within the scope of classification and/or certification.

Forces and moments induced by these hull appendages, as well as the Designer calculation, are to be submitted for the
examination of the supporting hull structure.

As a rule, foils are to be connected to the hull structure in way of a watertight compartment.

5.2 Classification process

5.2.1 For Situation 1, the structural design assessment process in scope of classification is given hereafter:
¢ The following structural parts are reviewed, on basis of design loads and safety criteria indicated by the supplier:
- structure of the stabilisation devices: foils, trim, tabs or interceptors
- ship structure supporting the stabilisation devices.
¢ Only power activated items such as foils, trims, tabs or interceptors are assessed. The following parts are reviewed:
- hydraulic system used for activation of stabilisation system
- associated electrical devices.

5.2.2 For Situation 2, the structural design assessment process in scope of classification is given hereafter:

¢ Only the ship strength in way of stabilisation devices is assessed. Ship structure supporting these devices is reviewed, on basis
of design loads and safety criteria indicated by the supplier.

¢ Only possible interferences between hydraulic installation and the safety of the crew boat are of concern. The applicable
regulations depend on the location of the hydraulic power pack. The working principles are not checked. However, the
hydraulic system documentation is to be submitted.
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Section 5 Machinery, Electricity, Automation and Fire
Safety

Symbols
L, : Load line length, in m, defined in NR566, Ch 1, Sec 1, [1.4.1].
1 General

1.1 Application

1.1.1 Unless otherwise specified in Article [2], the applicable requirements of NR566, Chapter 2, NR566, Chapter 3 and NR566,
Chapter 4 are to be complied with.

2 Specific requirements for crew transfer vessels

2.1 Machinery

211 Design and construction - general requirements
e Ambient conditions:

Machinery and systems are to be designed to operate properly under the ambient conditions specified in NR566, Ch 2, Sec
1, [2.5.1].

For crew transfer vessels assigned the operating area notation assisted operating area, different air temperatures for enclosed
spaces may be accepted by the Society.

e Fuels:
Fuel oils employed for engines and boiler are to comply with the requirements of NR566, Ch 2, Sec 1, [2.9.1].

For crew transfer vessels assigned the operating area notation assisted operating area, or whenever special precautions are
taken to the Society’s satisfaction, fuel oils having a flash point less than 60°C but not less than 43°C may be used for engines
and boilers, provided that, from previously effected checks, it is evident that the temperature of spaces where fuel oil is stored
or employed will be at least 10°C below the fuel oil flash point at all times.

2.1.2 Internal combustion engines - high pressure fuel oil lines
All external high pressure fuel delivery lines between the high pressure fuel pumps and the fuel injectors are to be protected as
per the requirements of NR566, Ch 2, Sec 2, [2.1.2].

For crew transfer vessels assigned the operating area notation assisted operating area, having engines with a maximum rated
power of 375 kW fitted on board, alternative means of protection may be accepted, e.g. protective screens.

2.1.3 Fuel oil system design
The requirements of NR566, Ch 2, Sec 6, [2] and, as applicable, of NR566, Ch 2, Sec 6, [3] and/or NR566, Ch 2, Sec 6, [4] are
to be complied with.

For crew transfer vessel with a length L, greater than 12m and over, the requirement of NR566, Ch 1, Sec 6, [3.2.1] needs not
to be complied with if the single tank is duly protected against the ingress of water either by mechanical protection of the airpipe
or by watertraps.

21.4 Compressed air systems - design of starting air systems
The number and capacity of air receivers are to comply with the requirements of NR566, Ch 2, Sec 7, [6.3.3].

Crew transfer vessels assigned the operating area notation assisted operating area, may be fitted with only one air receiver with
capacity mentioned in NR566, Ch 2, Sec 7, [6.3.3].

2.2 Electricity and Automation

2.21 Environmental conditions
The electrical components of installations are to be designed and constructed to operate satisfactorily under the environmental
conditions on board defined in NR566, Ch 3, Sec 1, [4].

For crew transfer vessels assigned the operating area notation assisted operating area, for service in specific zones, the Society
may accept different values for the ambient air temperature or sea water temperature then those specified respectively in NR566,
Ch 3, Sec 1, [4.2.1] and NR566, Ch 3, Sec 1, [4.4.1] (e.g. for ships operating outside the tropical belt, the maximum sea water
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temperature may be assumed as equal to + 25°C instead of + 32°C, and the maximum ambient air temperature may be assumed
as equal to + 40°C instead of + 45°C).

2.2.2 Source of electrical power
a) Crew transfer vessels with a length L, less than 12m:
The requirements of NR566, Ch 3, Sec 2, [2.1] are to be complied with.

For crew transfer vessels assigned the operating area notation assisted operating area, the main source of electrical power
may consist of a single generator. In this case an alternative means of starting the generator is to be provided. In addition, in
case this generator is unavailable, the electric services necessary to the propulsion and safety of the ship are to be supplied
with a battery.

b) Other crew transfer vessels:

For crew transfer vessels other than those defined in a), the requirements of NR566, Ch 3, Sec 2, [2.2] and NR566, Ch 3, Sec
2, [2.4] are to be complied with. In addition, for crew transfer vessels with a length L, greater or equal to 24 m, the
requirements of NR566, Ch 3, Sec 2, [2.3] are to be complied with

For crew transfer vessels assigned the operating area notation assisted operating area, the main electric power source may
only consist of one generator driven or not from the propulsion engine. In case this generator is unavailable, the electric
services necessary to the propulsion and safety of the ship are to be supplied with a battery that may be the emergency source.

2.2.3 Distribution
a) Bilge level alarm:

In addition to the requirements for bilge level alarm provided in NR566, Ch 3, Sec 2, [3.13.2], an alarm is to be triggered at
the bridge or in a continuously manned position in the case of high water level in all spaces located below the load line.

b) Diesel engine starting system:
The main engine starting system is to comply with NR566, Ch 3, Sec 2, [3.15.1].

For crew transfer vessels assigned the operating area notation assisted operating area, one of the batteries or group of batteries
requested in NR566, Ch 3, Sec 2, [3.15.1], items a) and b) may also be used for supplying the ship’s electrical services.
Capacity of starting batteries used for supplying other services is to be designed accordingly.

2.24 Electrical cable
The choice of protective covering is to comply with the requirements of NR566, Ch 3, Sec 2, [7.3].

For crew transfer vessels assigned the operating are notation assisted operating area, PVC insulated cables may be used on decks
exposed to the weather.

2.2.5 Location and installation of storage batteries - arrangement of Li-ion batteries above 20kWh
The fire protection arrangement is to comply with the requirements of NR566, Ch 3, Sec 4, [5.5.2].

With reference to NR566, Ch 3, Sec 4, [5.5.2], item b), for crew transfer vessels assigned the operating area notation assisted
operating area, B-15 fire integrity may be sufficient for the boundaries between battery rooms containing lithium-type batteries
and machinery spaces of category A.

2.3 Fire Safety

2.3.1 Applicable rules for crew transfer vessels not assigned an operating area notation

Crew transfer vessels not assigned an operating area notation are to comply with:

¢ the requirements of NR566, Ch 4, Sec 1, [4]

¢ the requirements applicable to ships with a length L, greater or equal to 24 m of NR566, Ch 4, Sec 2 to NR566, Ch 4, Sec 9

¢ the specific requirements listed in [2.3.3].

2.3.2 Applicable rules for crew transfer vessels assigned an operating area notation
For crew transfer vessels assigned the operation area notation assisted operating area, the following apply:
a) Crew transfer vessels carrying more than 60 persons on board are to comply with:

¢ the requirements of NR566, Ch 4, Sec 1, [4]

¢ the requirements applicable to ships with a length L, greater or equal to 24 m of NR566, Ch 4, Sec 2 to NR566, Ch 4,
Sec 9

¢ the specific requirements listed in [2.3.3].
b) Crew transfer vessels carrying 60 persons or less on board are to comply with:
¢ the requirements of NR566 Ch 4, Sec 1, [4]
¢ the requirements of NR566, Ch 4, Sec 2 to NR566, Ch 4, Sec 9
* the specific requirements listed in [2.3.3].
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) lrrespective of the number of persons on board, for crew transfer vessels assigned the operating area notation assisted
operating area and having:

e alength Ly less than 24 m, relaxation rules for containment of fire may be applied as per NR566, Ch 4, Sec 4, [1.1.2].

e alength L less than 12 m, relaxation rules for fixed fire-extinguishing system arrangement in machinery space may be
applied as per NR566, Ch 4, Sec 5, [4.2.1].

Note 1: The number of persons on board is defined in Sec 1, [2.1.1].

2.3.3 Specific requirements

a) Special attention shall be given to the insulation of adjacent boundaries to life-saving appliances stowage, launching and
embarkation areas. Such areas are to be insulated like a control station.

b) Insulating materials and exposed surfaces:

Exposed surfaces of bulkheads, walls, linings and ceilings in accommodation and service spaces and control stations are to
be low flame spread. Seats in public spaces are to be with frames of non combustible materials, with upholsteries having
qualities of resistance to ignition and propagation of flame.

c) Fire main:
Remote starting of one fire pump is to be provided from wheel house.

The number and position of hydrants is to be such that at least two jets of water not emanating from the same hydrant, one
of each being from a single length of hose, may reach each part of the ship normally accessible.
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