VERITAS

Rules for the Classification of
Crew Boat

January 2018

Guidance Note
NR490 DT R02 E

Marine & Offshore
92937 Paris la Défense Cedex — France
Tel: + 33 (0)1 5524 70 00
Website: http://www.veristar.com
Email: veristarinfo@bureauveritas.com
© 2017 Bureau Veritas - All rights reserved



1. INDEPENDENCY OF THE SOCIETY AND APPLICABLE TERMS
1.1. The Society shall remain at all times an independent contractor
and neither the Society nor any of its officers, employees, servants,
agents or subcontractors shall be or act as an employee, servant or
agent of any other party hereto in the performance of the Services.
1.2. The operations of the Society in providing its Services are exclu-
sively conducted by way of random inspections and do not, in any cir-
cumstances, involve monitoring or exhaustive verification.

1.3. The Society acts as a services provider. This cannot be construed
as an obligation bearing on the Society to obtain a result or as a war-
ranty. The Society is not and may not be considered as an underwriter,
broker in Unit's sale or chartering, expert in Unit's valuation, consulting
engineer, controller, naval architect, manufacturer, shipbuilder, repair
or conversion yard, charterer or shipowner; none of them above listed
being relieved of any of their expressed or implied obligations as a re-
sult of the interventions of the Society.

1.4. The Services are carried out by the Society according to the appli-
cable Rules and to the Bureau Veritas' Code of Ethics. The Society
only is qualified to apply and interpret its Rules.

1.5. The Client acknowledges the latest versions of the Conditions and
of the applicable Rules applying to the Services' performance.

1.6. Unless an express written agreement is made between the Parties
on the applicable Rules, the applicable Rules shall be the rules applica-
ble at the time of the Services' performance and con tract's execution.
1.7. The Services' performance is solely based on the Conditions. No
other terms shall apply whether express or implied.

2. DEFINITIONS

2.1. "Certificate(s)" means class certificates, attestations and reports
following the Society's intervention. The Certificates are an appraise-
ment given by the Society to the Client, at a certain date, following sur-
veys by its surveyors on the level of compliance of the Unit to the
Society's Rules or to the documents of reference for the Services pro-
vided. They cannot be construed as an implied or express warranty of
safety, fitness for the purpose, seaworthiness of the Unit or of its value
for sale, insurance or chartering.

2.2. "Certification" means the activity of certification in application of
national and international regulations or standards, in particular by del-
egation from different governments that can result in the issuance of a
certificate.

2.3. "Classification" means the classification of a Unit that can result
or not in the issuance of a class certificate with reference to the Rules.
2.4. "Client" means the Party and/or its representative requesting the
Services.

2.5. "Conditions" means the terms and conditions set out in the
present document.

2.6. "Industry Practice" means International Maritime and/or Offshore
industry practices.

2.7."Intellectual Property" means all patents, rights to inventions, utility
models, copyright and related rights, trade marks, logos, service marks,
trade dress, business and domain names, rights in trade dress or get-up,
rights in goodwill or to sue for passing off, unfair competition rights, rights
in designs, rights in computer software, database rights, topography
rights, moral rights, rights in confidential information (including know-
how and trade secrets), methods and proto cols for Services, and any
other intellectual property rights, in each case whether capable of regis-
tration, registered or unregistered and including all applications for and
renewals, reversions or extensions of such rights, and all similar or
equivalent rights or forms of protection in any part of the world.

2.8. "Parties" means the Society and Client together.

2.9. "Party" means the Society or the Client.

2.10. "Register" means the register published annually by the Society.
2.11. "Rules" means the Society's classification rules, guidance notes and
other documents. The Rules, procedures and instructions of the Society
take into account at the date of their preparation the state of currently avail-
able and proven technical minimum requirements but are not a standard
or a code of construction neither a guide for maintenance, a safety hand-
book or a guide of professional practices, all of which are assumed to be
known in detail and carefully followed at all times by the Client.

2.12. "Services" means the services set out in clauses 2.2 and 2.3 but
also other services related to Classification and Certification such as, but
not limited to: ship and company safety management certification, ship
and port security certification, training activities, all activities and duties
incidental thereto such as documentation on any supporting means, soft-
ware, instrumentation, measurements, tests and trials on board.

2.13. "Society" means the classification society 'Bureau Veritas Ma-
rine & Offshore SAS', a company organized and existing under the
laws of France, registered in Nanterre under the number 821 131 844,
or any other legal entity of Bureau Veritas Group as may be specified
in the relevant contract, and whose main activities are Classification
and Certification of ships or offshore units.

2.14. "Unit" means any ship or vessel or offshore unit or structure of
any type or part of it or system whether linked to shore, river bed or sea
bed or not, whether operated or located at sea or in inland waters or
partly on land, including submarines, hovercrafts, drilling rigs, offshore
installations of any type and of any purpose, their related and ancillary
equipment, subsea or not, such as well head and pipelines, mooring
legs and mooring points or otherwise as decided by the Society.

3. SCOPE AND PERFORMANCE

3.1. The Society shall perform the Services according to the applicable
national and international standards and Industry Practice and always
on the assumption that the Client is aware of such standards and In-
dustry Practice.
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3.2. Subject to the Services performance and always by reference to

the Rules, the Society shall:

+ review the construction arrangements of the Unit as shown on the
documents provided by the Client;

+ conduct the Unit surveys at the place of the Unit construction;

+ class the Unit and enters the Unit's class in the Society's Register;

+ survey the Unit periodically in service to note that the requirements
for the maintenance of class are met. The Client shall inform the
Society without delay of any circumstances which may cause any
changes on the conducted surveys or Services.

The Society will not:

+ declare the acceptance or commissioning of a Unit, nor its construc-
tion in conformity with its design, such activities remaining under the
exclusive responsibility of the Unit's owner or builder;

+ engage in any work relating to the design, construction, production
or repair checks, neither in the operation of the Unit or the Unit's
trade, neither in any advisory services, and cannot be held liable on
those accounts.

4. RESERVATION CLAUSE

4.1. The Client shall always: (i) maintain the Unit in good condition after
surveys; (ii) present the Unit after surveys; (iii) present the Unit for sur-
veys; and (iv) inform the Society in due course of any circumstances
that may affect the given appraisement of the Unit or cause to modify
the scope of the Services.

4.2. Certificates referring to the Society's Rules are only valid if issued
by the Society.

4.3. The Society has entire control over the Certificates issued and
may at any time withdraw a Certificate at its entire discretion including,
but not limited to, in the following situations: where the Client fails to
comply in due time with instructions of the Society or where the Client
fails to pay in accordance with clause 6.2 hereunder.

5. ACCESS AND SAFETY
5.1. The Client shall give to the Society all access and information nec-
essary for the efficient performance of the requested Services. The Cli-
ent shall be the sole responsible for the conditions of presentation of
the Unit for tests, trials and surveys and the conditions under which
tests and trials are carried out. Any information, drawings, etc. required
for the performance of the Services must be made available in due
time.

5.2. The Client shall notify the Society of any relevant safety issue and

shall take all necessary safety-related measures to ensure a safe work

environment for the Society or any of its officers, employees, servants,
agents or subcontractors and shall comply with all applicable safety
regulations.

6. PAYMENT OF INVOICES

6.1. The provision of the Services by the Society, whether complete or

not, involve, for the part carried out, the payment of fees thirty (30) days

upon issuance of the invoice.

6.2. Without prejudice to any other rights hereunder, in case of Client's

payment default, the Society shall be entitled to charge, in addition to

the amount not properly paid, interests equal to twelve (12) months LI-

BOR plus two (2) per cent as of due date calculated on the number of

days such payment is delinquent. The Society shall also have the right

to withhold certificates and other documents and/or to suspend or re-
voke the validity of certificates.

6.3. In case of dispute on the invoice amount, the undisputed portion

of the invoice shall be paid and an explanation on the dispute shall ac-

company payment so that action can be taken to solve the dispute.

7.7. LIABILITY

7.1. The Society bears no liability for consequential loss. For the pur-

pose of this clause consequential loss shall include, without limitation:

+ Indirect or consequential loss;

+ Any loss and/or deferral of production, loss of product, loss of use,
loss of bargain, loss of revenue, loss of profit or anticipated profit,
loss of business and business interruption, in each case whether
direct or indirect.

The Client shall save, indemnify, defend and hold harmless the Society

from the Client's own consequential loss regardless of cause.

7.2. In any case, the Society's maximum liability towards the Client is

limited to one hundred and fifty per-cents (150%) of the price paid by

the Client to the Society for the performance of the Services. This limit
applies regardless of fault by the Society, including breach of contract,
breach of warranty, tort, strict liability, breach of statute.

7.3. All claims shall be presented to the Society in writing within three

(3) months of the Services' performance or (if later) the date when the

events which are relied on were first discovered by the Client. Any

claim not so presented as defined above shall be deemed waived and
absolutely time barred.

8. INDEMNITY CLAUSE

8.1. The Client agrees to release, indemnify and hold harmless the So-
ciety from and against any and all claims, demands, lawsuits or actions
for damages, including legal fees, for harm or loss to persons and/or
property tangible, intangible or otherwise which may be brought
against the Society, incidental to, arising out of or in connection with
the performance of the Services except for those claims caused solely
and completely by the negligence of the Society, its officers, employ-
ees, servants, agents or subcontractors.

9. TERMINATION

9.1. The Parties shall have the right to terminate the Services (and the
relevant contract) for convenience after giving the other Party thirty
(30) days' written notice, and without prejudice to clause 6 above.

9.2. In such a case, the class granted to the concerned Unit and the
previously issued certificates shall remain valid until the date of effect
of the termination notice issued, subject to compliance with clause 4.1
and 6 above.

10. FORCE MAJEURE

10.1. Neither Party shall be responsible for any failure to fulfil any term
or provision of the Conditions if and to the extent that fulfilment has
been delayed or temporarily prevented by a force majeure occurrence
without the fault or negligence of the Party affected and which, by the
exercise of reasonable diligence, the said Party is unable to provide
against.

10.2. For the purpose of this clause, force majeure shall mean any cir-
cumstance not being within a Party's reasonable control including, but
not limited to: acts of God, natural disasters, epidemics or pandemics,
wars, terrorist attacks, riots, sabotages, impositions of sanctions, em-
bargoes, nuclear, chemical or biological contaminations, laws or action
taken by a government or public authority, quotas or prohibition, expro-
priations, destructions of the worksite, explosions, fires, accidents, any
labour or trade disputes, strikes or lockouts

11. CONFIDENTIALITY

11.1. The documents and data provided to or prepared by the Society
in performing the Services, and the information made available to the
Society, are treated as confidential except where the information:

+ is already known by the receiving Party from another source and is
properly and lawfully in the possession of the receiving Party prior
to the date that it is disclosed;

is already in possession of the public or has entered the public
domain, otherwise than through a breach of this obligation;

is acquired independently from a third party that has the right to dis-
seminate such information;

is required to be disclosed under applicable law or by a governmen-
tal order, decree, regulation or rule or by a stock exchange authority
(provided that the receiving Party shall make all reasonable efforts
to give prompt written notice to the disclosing Party prior to such
disclosure.

11.2. The Society and the Client shall use the confidential information
exclusively within the framework of their activity underlying these Con-
ditions.

11.3. Confidential information shall only be provided to third parties
with the prior written consent of the other Party. However, such prior
consent shall not be required when the Society provides the confiden-
tial information to a subsidiary.

11.4. The Society shall have the right to disclose the confidential infor-
mation if required to do so under regulations of the International Asso-
ciation of Classifications Societies (IACS) or any statutory obligations.

12. INTELLECTUAL PROPERTY

12.1. Each Party exclusively owns all rights to its Intellectual Property
created before or after the commencement date of the Conditions and
whether or not associated with any contract between the Parties.
12.2. The Intellectual Property developed for the performance of the
Services including, but not limited to drawings, calculations, and re-
ports shall remain exclusive property of the Society.

13. ASSIGNMENT

13.1. The contract resulting from to these Conditions cannot be as-
signed or transferred by any means by a Party to a third party without
the prior written consent of the other Party.

13.2. The Society shall however have the right to assign or transfer by
any means the said contract to a subsidiary of the Bureau Veritas
Group.

14. SEVERABILITY

14.1. Invalidity of one or more provisions does not affect the remaining
provisions.

14.2. Definitions herein take precedence over other definitions which
may appear in other documents issued by the Society.

14.3. In case of doubt as to the interpretation of the Conditions, the
English text shall prevail.

15. GOVERNING LAW AND DISPUTE RESOLUTION

15.1. The Conditions shall be construed and governed by the laws of
England and Wales.

15.2. The Society and the Client shall make every effort to settle any
dispute amicably and in good faith by way of negotiation within thirty
(30) days from the date of receipt by either one of the Parties of a writ-
ten notice of such a dispute.

15.3. Failing that, the dispute shall finally be settled by arbitration under
the LCIA rules, which rules are deemed to be incorporated by refer-
ence into this clause. The number of arbitrators shall be three (3). The
place of arbitration shall be London (UK).

16. PROFESSIONNAL ETHICS

16.1. Each Party shall conduct all activities in compliance with all laws,
statutes, rules, and regulations applicable to such Party including but
not limited to: child labour, forced labour, collective bargaining, discrim-
ination, abuse, working hours and minimum wages, anti-bribery, anti-
corruption. Each of the Parties warrants that neither it, nor its affiliates,
has made or will make, with respect to the matters provided for here-
under, any offer, payment, gift or authorization of the payment of any
money directly or indirectly, to or for the use or benefit of any official or
employee of the government, political party, official, or candidate.
16.2. In addition, the Client shall act consistently with the Society's
Code of Ethics of Bureau Veritas. http://www.bureauveritas.com/
home/about-us/ethics+and+compliance/
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SECTION 1 GENERAL

1 General

1.1 Application

1.1.1 Requirements of these Rules are applicable to crew
boats as defined in [2.1.1] of less than 500 GRT, with hull
made of steel, aluminium or composite materials, and pro-
ceeding in the course of their voyage not more than four
hours at operational speed from a place of refuge.

The present Rules are normally applicable to crew boats
having a maximum service speed V, in knots, greater or
equal to 7,16 A", where A is the moulded full load dis-
placement, in tonnes.

Craft for which V > 10 L% shall be individually considered
by the Society.

1.1.2 Provisions not specially covered in these Rules are to
comply with applicable requirements stipulated in NR467
Steel Ships, Part A, NR600 and NR566.

1.1.3 Ship covered by the present Rules Note are assigned
the service notation crew boat, as defined in NR467 Steel
Ships, Pt A, Ch 1, Sec 2.

1.2 Navigation Notations

1.2.1 As arule, one of the following navigation notations is
to be assigned with reference to significant wave heights Hg
which are exceeded for an average of not more than 10 per
cent of the year as defined in Sec 2, [6.1.3]:

e seaareal

* seaarea?2

e seaarea3

* seaarea4.

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 memoranda.

1.3 Rules application

1.3.1 In the present Rules, references to other Rules of the
Society are defined in Tab 2.

1.3.2 Summary table

The applicable Rules of the Society to be considered are
indicated in Tab 1.

January 2018
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2 Definitions

2.1 Crew boats

2.1.1 Crew boats are basically vessels dedicated to trans-
port of offshore personnel from harbours to moored offshore
installations or vessels.

They may be also involved in supplying such installations
with goods and stores.

They are, in general, single deck ships arranged with large
superstructures forward and a broad open deck aft intended
for cargo.

2.2 Operational conditions

2.2.1 Crew boats are to be operated in relation to the navi-
gation notation assigned as defined in [1.2] within operat-
ing conditions defined in Sec 2, [6.3].

2.2.2 Operational speed is 90% of maximum speed.

Table 1 : Summary table

Main subject Reference
Hull Sec 2

NR566, Ch 1, Sec 2

General arrangement design

Stability NR566, Ch 1, Sec 3
Hull integrity NR566, Ch 1, Sec 4
Outfittings Sec 3

Machinery NR566, Ch 2
Electrical and automation NR566, Ch 3

Fire safety NR566, Ch 4

Table 2 : References to other Rules of the Society

Reference Title
NR467 Steel Ships | 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

NR566 Hull Arrangement, Stability and Systems for
ships less than 500 GT
NR546 Rules for Hull in Composite Materials and

Composite Ships | Plywood, Material Approval, Design Princi-

ples, Construction and Survey

NR561 Rules for Hull in Aluminium Alloys, Design
Aluminium Ships | Principles, Construction and Survey

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

Bureau Veritas 5
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SECTION 2

1 Documents to be submitted

1.1  General

1.1.1 Tab 1 lists the structural plans that are to be submitted
to the Society for examination and approval.

1.1.2 In addition, the following informations are to be sub-
mitted:

e draught and trim of the craft at sea, at rest and at its
maximum speed in calm water

e any direct calculations performed.

When deemed necessary, the following informations may
be required:

¢ results of model tests and full-scale measurements
¢ longitudinal weight distribution and position of the lon-
gitudinal centre of gravity of the craft
e design loading conditions including:
- still water bending moments (SWBM) distribution
- still water shear force (SF) distribution
- description of corresponding loading cases.
1.1.3 For hull made of composite materials, additional

informations defined in NR546 Composite Ships, Sec 1,
[4.2] are to be submitted.

2 General

2.1 Introductory comments

2.1.1 This Section contains the requirements for the deter-
mination of the hull scantling.

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

2.2 Direct calculations

2.2.1 The Society may require direct calculations to be car-
ried out, if deemed necessary according to the provisions of
Article [9].

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

6 Bureau Veritas

HULL SCANTLINGS

Table 1 : Structural plans to be submitted

Plan Containing information relevant to:
Midship ¢ moulded dimensions, maximum service
section speed V, design acceleration acs and, if

known, limit wave height (see [6.3])
* materials
e typical structural details

Main sections

Longitudinal | e structural details
sections * openings in longitudinal girders
Decks e typical structural details

* openings
e deck loads, if different from Rule loads

Shell e plating

expansion * materials

e typical structural details

e position of butt and seam welds
® openings

Machinery ¢ machinery mass and position of centre
space of gravity
structure e typical structural details
* openings
Watertight * openings
bulkheads e typical structural details

* openings
* pipe passages

Deckhouses e materials

e details of connections between different
materials

e typical structural details

Rudder e rudder stock material and scantlings

Propeller * materials, scantlings, connection details
shaft brackets

Equipment ¢ calculation of equipment number
* equipment specification

Testing plan | ® position of air vents

® testing pressures

2.3 Units

2.3.1 Unless otherwise specified, the following units are
used in the Rules:

¢ thickness of plating, in mm

* 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/m?2.
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2.4 Definitions and symbols

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

e Aftend:
hull region abaft of 0,1 L from the aft perpendicular
¢ Bottom:

the bottom is the part of the hull between the keel and
the chines

e 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

e Deadrise angle ag:

for hulls that do not have a clearly identified deadrise
angle, a4 is the angle between the horizontal and a
straight line joining the keel and the chine

e 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

e Foreend:
hull region forward of 0,9 L from the aft perpendicular
e Hull:

the hull is the outer boundary of the enclosed spaces of
the craft, except for the deckhouses, as defined below

e Main deck:

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

e Midship area:
hull region between 0,3 L and 0,7 L from the aft perpen-
dicular.

* Moulded base line:

the line parallel to the summer load waterline, crossing
the upper side of keel plate or the top of skeg at the mid-
dle of length L

e Side:
the side is the part of the hull between the chine and the
main deck
AP :  Aft perpendicular, i.e. the perpendicular located
at a distance L abaft of the forward perpendicular
B . The greatest moulded breadth, in m, of the craft
B, : The greatest moulded breadth, in m, measured
on the waterline at draught T
Bum . The greatest moulded breadth, in m, measured

below or on the waterline at draught T

January 2018
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Cq : Total block coefficient, defined as follows:

A

G = q05 L BL T

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 trans-
verse 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 t/m?3), in tonnes

FP . Forward perpendicular, i.e. the perpendicular at
the intersection of the waterline at draught T
and the foreside of the stem

g . 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.

2.5 Protection against corrosion

2.5.1 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.

2.5.2 The Shipyard is to give the Society a document speci-
fying all the arrangements made to protect the material
against corrosion at the construction stage (e.g. coating
types, number and thickness of layers, surface preparation,
application conditions, control after completion, anodic
protection, etc.).

This document must also include maintenance arrange-
ments to be made in service to restore and maintain the effi-
ciency of this protection, whatever the reasons of its
weakening, whether incidental or not.

All such maintenance operations are to be listed in a book
shown to the Surveyor at each visit.

2.6 Rounding-off

2.6.1 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.
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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 con-
sidered, provided their specification (manufacture, chemi-
cal 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 weld-
ing,...) are carried out in compliance with current sound
working practice and the applicable requirements of NR216
Materials and Welding.

3.2 Steel structures

3.2.1  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 mem-
bers of the structure

e 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, other
than 235 N/mm? are used, hull scantlings are to be deter-
mined by taking into account the material factor k defined
in [3.2.3].

3.2.3 Material factor k for scantlings of structural
members

The value of the material factor k to be introduced into for-

mulae to check structures given in this Section is a function

of the minimum vyield 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, value of the various high strength
steels for hull structures for which Ry <390 N/mm?2.
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The use of steels for which R, > 355 N/mm? will be con-
sidered in each separate case by the Society, which may
stipulate special acceptance conditions.

If, for special structures, the use of steels for which

Ren < 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.

3.2.4 Welding

The requirements for the scantling and joint design of
welded connection of ships built in steel materials are
defined in NR600, Chapter 6, Section 2.

Table 2 : Mechanical characteristics

Minimum yield | Ultimate minimum
Steel grades .
t<100 stress Ry, tensile strength R,
= e mm in N/mm? in N/mm?
A-B-D-E 235 400 - 520
AH32-DH32-EH32 315 440 - 590
FH32
AH36-DH36-EH36 355 490 - 620
FH36
AH40-DH40-EH40 390 510 - 650
FH40
Note 1: Refer to NR216 Materials and Welding, Ch 2, Sec 1, [2].

Table 3 : k factor

Rer (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:

e NR216 Materials and Welding
e NR561 Aluminium Ships.

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 (manufac-
ture, 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 alu-
minium alloys is equal to 70000 N/mm? and the Poisson’s
ratio equal to 0,33.
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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)

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

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

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 informa-
tion, refer to the minimum values guaranted by the product
supplier.

R’m

Rp0,2

R’pO,Z

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 for-
mulae for checking scantlings of structural members given

in this Section is determined by the following equation:

NR 490, Sec 2

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 mini-
mum guaranteed tensile strength of the parent
metal in welded condition R’,,, in N/mm? (see
Tab 4).

For welded constructions in hardened aluminium alloys
(series 5000 other than condition 0 or H111 and series
6000), greater characteristics than those in welded condi-
tion 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.

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

. Thickness t Yield strength R, min | Tensile strength R,, min | Elongation min (%) (1)
Grade Temper condition '
(mm) (N/mm?) or range (N/mm?) Aso mm Asg
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 3<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
O 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
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
H116 3<t<50 195 275 10 (2)
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.
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Table 5 : Mechanical properties for extruded products with 3 mm <t <50 mm

Grade | Temper condition | Thickness t (mm) Vield St:eNr}i:}:nlj; o min Ter;s:lgztéirlimenizTin EIO;?::’” sl (O/O)A(:d) ®
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
O 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
10 10<t<50 200 250 8 6
6060 (3) Ts t<5 120 160 10 10
5<t<25 100 140 10 10
6061 T6 3<t<50 240 260 10 8
6106 T5 t<6 200 250 10 10
15 3<t<50 230 270 8 6
6082 3<t<5 250 290 6
10 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.

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 alumin-
ium alloy is to be avoided (e.g. by means of zinc or cad-
mium plating of the steel parts and application of a suitable
coating on the corresponding light alloy parts).

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

Table 6 : Aluminium alloys as welded mechanical
characteristics

Aluminium Temper , ,
Py R p0,2 R m
alloy condition '

5000 series 0 Rpo,2 R
5000 series other values of 0 condition
6005 A (closed | 1o e | 045 Roo2 0,6 R,
sections) '
6005 A (closed | 1o 16 | 50 Roo2 0,6 R,
sections) '
6060 (sections) T5 0,43 RpOZ 0,5 R,
1 '
6061 (sections) T6 0,53 Rpo2 0,6 R,
6082 (sections) T6 0,45 Ry, 0,6 R,
6106 (sections) T5 0,33 Rpo2 0,54 R,

(1) 6060 alloy is not to be used for structural members sus-
taining dynamic loads (slamming and impact loads).
The use of 6106 alloy is recommended in that case.
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4 Composite materials

41 Application

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

e raw materials (see NR546, Section 4)

e individual layers and theoretical breaking stresses (see
NR546, Section 5)

¢ |aminate characteristics (see NR546, Section 6)

¢ mechanical tests and raw material homologation (see
NR546, Section 11 and Appendix 1).

4.1.2 Attention is drawn to the use of composite materials
from a structural fire protection point of view.

The Flag Administration may request that international con-
vention be applied instead of the present requirements, entail-
ing in some cases a use limitation of composite materials.

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:

Obri

Zbi > gF

Ciapp

2<>sF,

Ga

where:

N : Compressive stress applied to the whole lami-
nate considered

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

o, . Critical buckling stress of the composite ele-
ment considered defined in NR546 Composite
Ships, Sec 6, [4]

Giapp In-plane individual layer applied stresses as

defined in NR546 Composite Ships, Section 6
SF, SFy : Rules safety factors defined in [4.3].

In addition, the combined stress criteria in the individual
layers defined in NR546 Composite Ships, Sec 2, [1.3.3] is
to be greater than the Rules safety factor SF¢s defined in
[4.3.3].

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 noticea-
bly different from expected values.

4.2.2 Type of stresses considered

The following different type of stresses are considered, cor-
responding to the different loading mode of the fibres:

January 2018
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a) Principal stresses in the individual layers:

e Stress parallel to the fibre (longitudinal direction):
These stresses, o;, 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.

¢ Stress perpendicular to the fibre (transverse direction):
These stresses, c,, 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.

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

e Shear stress (through the laminate thickness) parallel
or perpendicular to the fibre. These shear stresses,
1,3 and 1,5, are the same stresses than the interlami-
nar shear stresses 1, and 1,

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

e Compressive and shear stresses in the whole lami-
nate 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

431 General

a) The Rules safety factors to be considered for the com-
posite 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 elemen-
tary layers.

Bureau Veritas 1
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4.3.2 Partial safety factors

As a general rule, the minimum partial safety factors consid-
ered 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:

e for monolithic laminates (or face-skins laminates of
sandwich):

Cy=1,2
¢ for sandwich core materials:
Cy=1,1
b) Fabrication process factor Cg:

The factor C; taking into account the fabrication process
and the reproducibility of the fabrication is generally
taken equal to:

e in case of a prepreg process:

Cr=1,1

® in case of infusion and vacuum process:
Ce=1,15

* in case of a hand lay up process:
C =125

¢ for the core materials of sandwich composite:
Cr=1,0
c) Type of load factor C;:
The factor C; taking into account the type of loads is
generally taken equal to:

e for local external sea pressures and internal pres-
sures or concentrated forces:
C=1,0

¢ for local dynamic sea pressures (slamming loads on
bottom and impact on flat bottom on forward area),
and for test pressures and flooding loads:

Ci = 0,8
e for longitudinal strength analysis as defined in [10.3]
and buckling check as defined in [10.7] where lon-

gitudinal stresses are obtained taking into account
the total bending moment defined in Article [7]:

C.=0,8
d) Type of stress factor Cy:

The factor Ci, taking into account the type of stress in the
fibres of the reinforcement fabrics and the cores is gen-
erally taken equal to:

1) For fibres of the reinforcement fabrics:

e for tensile or compressive stress parallel to the
continuous fibre of the reinforcement fabric:

- for unidirectional tape, bi-bias, three unidi-
rectional fabric:

e for tensile or compressive stress perpendicular to
the continuous fibre of the reinforcement fabric
(unidirectional tape bi-bias, three unidirectional
fabric):

Ce=1,0
e for shear stress parallel to the fibre in the ele-

mentary layer and for interlaminar shear stress in
the laminate:

- for unidirectional tape, bi-bias, three unidi-
rectional fabric:

Cr=1,6
- for woven roving:
C=1,8

e for mat layer:
- for tensile or compressive stress in the layer:
Cr=2,0
- for shear stress in the layer and for interlami-
nar shear stress:
Cr=22
2) For core materials:
e for a tensile or compressive stress for cores:
general case:
- for a tensile or compressive stress:
Cr=2,1
for balsa:

- for a tensile or compressive stress parallel
to the wood grain:

Cp=2,1

- for tensile or compressive stress perpen-
dicular to the wood grain:

Co=12
e for a shear stress (whatever the type of core
material)
Ca=2,5

3) For wood materials for strip planking:

e for a tensile or compressive stress parallel to the
continuous fibre of the strip planking:

Ce=24

e for tensile or compressive stress perpendicular to
the continuous fibre of the strip planking:
Cr=1,2

e for a shear stress parallel to the fibre and for
interlaminar shear stress in the strip planking:
Ce=2,2

4.3.3 Rules safety factors

The Rules safety factors to be considered for the composite
structure check are defined according to the type of hull
structure calculation.

The Rules safety factors for structure checked under local

Gr=2,1 loads or under global hull girder loads are defined as follows:
- for woven roving: e Minimum stress criteria in layers:
Cr=2,4 SF=C, C: Cx G
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with:
- Cy to be taken as defined in [4.3.2] a) for the check
of the structure under local loads

- Cy=1,1 for the check of the longitudinal strength as
defined in [10.3] and for primary structure exam-
ined by direct calculation as defined in Article [9].
e Combined stress criteria in layers:

SFCS = Ccs Cv CF Ci

with:

- for unidirectional tape, bi-bias, three unidirectional
fabric:
Ces=1,7

- for other type of layer:
Ces=2,1

where:

SFcs . Safety factor calculated according to NR546

Composite Ships, Sec 2, [1.3.3]
e Critical buckling stress criteria:

SFg = Cauex Cv G G

with:

- for the check of the longitudinal strength as defined
in [10.3] and for primary structure examined by
direct calculation as defined in Article [9]:
Cguek =1,35 and C, =1

- Cgua =1,45 and C, as defined in [4.3.2] a) when the
check of the structure under local loads is carried out.

4.3.4 Rules safety factor for structural adhesive joints

The 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:

SF=2,4C
where:
Ce . Factor taking into account the gluing process,

and generally taken equal to:

e in case of a vacuum process with rising cur-

ing temperature: C=14
® in case of vacuum process: Cy=1,5
e in the other cases: C=1,7.

5 Construction and testing

5.1 General

5.1.1 Hull construction survey and testing procedures
within the scope of classification of ships are defined in
NR600, Ch 6, Section 3 and:

e NR600, Ch 6, Sec 4 for hull made of steel material
e NR561 Aluminium Ships, Section 9 for hull made of

NR 490, Sec 2

6 Design acceleration

6.1 Vertical acceleration at LCG

6.1.1  The design vertical acceleration at LCG, acg
(expressed in g), is to be defined by the designer and is to
correspond to the average of the 1per cent highest accelera-
tions in the most severe sea conditions expected, in addi-
tion to the gravity acceleration.

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

acg = foc~Soc~%

where:
foc : To be taken equal to 0,85
Soc : Value given in Tab 7 in relation to sea area
defined in [6.1.3].
Table 7 : Soc values
Seaarea4 | Seaarea3 | Seaarea2 | Seaareal
Soc C (1) 0,30 0,23 0,14
0,6
(1) C=0,2+—22>0,32
' v/ L

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

6.1.3 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 per-
cent 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

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

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

6.1.4 If the design acceleration cannot be defined by the
designer, the acg value corresponding to the appropriate
values of foc and Soc defined in [6.1.1] is to be assumed.

6.1.5 An acceleration greater than ac; = 1,5g may not be
adopted for the purpose of defining limit operating condi-
tions and scantlings.

6.1.6 The longitudinal distribution of vertical acceleration
along the hull is given by:

= k .
aluminium alloys d=Rvrdce
e NR546 Composite Ships, Section 11 for hull made of where:
composite materials. ace . Design acceleration at LCG defined in [6.1.1]
January 2018 Bureau Veritas 13
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k, : Longitudinal distribution factor, not to be less
than (see Fig 1):
k,=1 for x/L<0,5

k,=2-x/L for x/L>0,5

Higher values may be requested based on pitch
consideration.
Figure 1 : k, factor
v

2,0

-
X

0 0,5 1,0 /L

6.1.7 Variation of a, in the transverse direction may gener-
ally be disregarded.

6.2 Transverse acceleration

6.2.1 Transverse acceleration is defined on the basis of
results of model tests and full-scale measurements, consid-
ering their characteristic value as specified in [6.3.1].

6.2.2 In the absence of such results, transverse accelera-
tion, in g, at the calculation point of the craft may be
obtained from:

a‘=2,5~%-(1+5~(1+\%>2-£>

L
where:
Hy . Permissible significant wave height at maximum
service speed V (see [6.3.2], f))
r . Distance from the point to 0,5 D.

6.3 Assessment of limit operating conditions

6.3.1 General

a) “limit operating conditions” in this paragraph are to be
taken to mean sea states (characterized only by their sig-
nificant 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 restric-
tions defined in [6.3.2] and [6.3.3] below

c) it is 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 maxi-
mum allowed significant wave height H,, consistent
with the structural strength. When such design value is
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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 [6.1.3]

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 classi-
fication, are indicated in the Classification Certificate.

These limit operating conditions must be put at the dis-
posal 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 H, is not available, following formula may be
used:

H =5. dce | L
o V/(JL) 6+0,14-L

where vertical acceleration acg is defined in [6.1]

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.

6.3.2 Limitation imposed by bottom impact pressure
and deck loads

a) bottom impact pressure, given in [8.3], and deck loads,
given in [8.8], are explicitly or implicitly depending on
the vertical acceleration at LCG. Therefore, the design
values of these loads, taken as the basis for the classifi-
cation, directly impose limitation on vertical accelera-
tion 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 e) may be used to
define maximum speeds compatible with design accel-
eration, depending on sea states having a significant
height H,
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e)

6.3.3

the significant wave height is related to the craft’s geo-
metric and motion characteristics and to the vertical
acceleration ac¢ by the following formula:

(50— adcc)(% +0,75 )

(HS Bw

= =+ Wi, .
dcg 3555 . C, T 0,084 T) Krr * Kis

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

Vo2
i = (33)
and
Kpys = 1

e V/L% <30rA/(0,01-L)> <3500

v
KFR=0,8+1,6-TIX_
and

Kus =

—IE

where:

OldcG 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, Hy. 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 H.

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

the reduction of vertical acceleration acg induced by
stabilisation system if any is to be disregarded for the
purpose of limit operating conditions imposed by bot-
tom impact loads.

Limitation imposed by global loads

The longitudinal bending moment and shear forces as given
in [7.2] 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 [6.3.2] 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.
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.4 Hull monitoring

The Society may require a hull monitoring system to be fit-

ted
the

on board, allowing to monitor and display in real time
vertical acceleration and any other sensitive parameter

with respect to the strength.

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

When a hull monitoring system is requested, its specifica-
tion is to be submitted for review.

7

7.1

71

Overall loads

General

.1 As arule, only longitudinal vertical bending moment

and shear force are to be considered for monohulls.

In addition, the torsional moment defined in [7.2.6] is to be
considered for catamaran.

71

.2 For large craft, values from model tests, or hydrody-

namic calculations, may be taken into account, after agree-
ment of the Society on the methodology, the sea conditions
and the loading cases. In such cases, values given in [7.2]
must be considered as short term 1/100° values.

7.2 Bending moment and shear force

7.2

a)

7.2

.1 General

The values of the longitudinal bending moment and
shear force are given, in first approximation, by the for-
mulain [7.2.2], [7.2.3] and [7.2.4].

The total longitudinal bending moments My, in hog-
ging conditions, and M, in sagging conditions, in
kN.m, are to be taken as the greatest of those given by
the formulae in [7.2.2] and [7.2.3].

The total shear forces Ty, in kN, is given by the formula
in [7.2.4].

The longitudinal distribution of the total bending
moment My,; and Mys is given in [7.2.5].

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

Mot = Myis = 0,55-A-L-(Cg+0,7) - (1 +ace)

where:

ac Vertical acceleration at the LCG, defined in
[6.1].

7.2.3 Longitudinal bending moment due to still

water loads and wave induced loads

My = M.y +0,60-Soc-C-L2-B-Cg
Myis = M +0,35-Soc-C-L?-B-(Cs+0,7)

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

Bureau Veritas
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Soc : Parameter as indicated in Tab 7, for the consid-
ered type of service.
C=6+0,02L

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

7.2.4 Total shear force induced by longitudinal
bending moment

_ 332'Mb[
Tbl L
where:
My Greatest between M, and M, calculated

according to [7.2.2] and [7.2.3], as applicable.
7.2.5 Longitudinal distribution of total bending
moment

The longitudinal distribution of the total bending moments
is given by:

e inhogging: Ky - Myy
* insagging: Ky - Mys
where:

Ku : Longitudinal distribution factor as shown on Fig 2.

Figure 2 : K, factor

Kwm

01 02 03 04 05 06 07 08 09 10

7.2.6 Bending moments and shear forces for
catamaran

a) Longitudinal bending moments:

The values of the longitudinal bending moment and
shear forces, applied to the whole transverse section,
are to be calculated as defined from [7.2.1] to [7.2.5].

b) 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=0,125A Ly a, g

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 trans-
verse 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 struc-
ture of the plateform are modelled by beams having, as
far as practicable:

¢ vertical and horizontal bending inertia, and

e ashearinertia, and

e 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=M/Lw
F=-M/Lwm

The global bending moments and shear forces distribution
in the float are as shown in Fig 4, and in the primary trans-
verse 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.

Figure 3 : Beam model for catamaran

Cataraman
centerline

Figure 4 : Longitudinal distribution of bending
moments and shear forces

|
|
|
|

where:
ag Design vertical acceleration as defined in
[6.1.1]
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? ‘
——— \Vertical shear force
Lt : Waterline length of one float, in m. N’ — Vertical bending moment
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Figure 5 : Transverse distribution of bending
moments and shear forces

----- Shear force

Bending moment
8 Local loads

8.1 Introduction

8.1.1 Local design loads defined in this Article are to be
used for the resistance checks of scantlings of structural ele-
ments of hull and deckhouses.

8.1.2 Such loads may be integrated or modified on the
basis of the results of model tests or full-scale measure-
ments. Model tests are to be carried out in irregular sea con-
ditions 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.

8.1.3 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.

8.2 Loads

8.21 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
¢ 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.

8.2.2 Load points

Pressure on panels and strength members may be considered
uniform and equal to the pressure at the following load
points:

January 2018
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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
e for stiffeners:
- centre of the area supported by the stiffener.
b) Composite structure:
e for panels:

- lower edge of the panel for monolithic 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
e for stiffeners:
- centre of the area supported by the stiffener.

8.3 Impact pressure on the hull bottom

8.3.1 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
Ps = 70'5_’K1'K2'K3'a(:c.
where:

A : Displacement, in tonnes as defined in [2.4.1].
For catamaran, A is to be taken as half of the
total displacement

Ky . Longitudinal bottom impact pressure distribu-
tion factor (see Fig 6):

e forx/L<0,5: K;=0,5 + x/L
e for0,5<x/L<08: K;=1,0
e forx/L>0,8: Ki=3,0-25-x/L
where x is the distance, in m, from the aft per-
pendicular to the load point

K, : Factor accounting for impact area, equal to:
K, = 0,455-0,35 %

with:

e For steel and aluminium structure:

K, > 0,50

K, > 0,45

- for girders and floors: K, >0,35

- for plating:

- for stiffeners:

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

A
=0.7-=

5 =0, T
Note 1: For catamaran, A is to be taken as half of the total dis-

placement for the calculation of S

s

=100 -
u 00 5

Bureau Veritas 17



NR 490, Sec 2

s : Area, in m?, supported by the element (plating,
stiffener, floor or girder). For plating, the sup-
ported 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

Ks . Factor accounting for shape and deadrise of the
hull, equal to:

K; = (70— 04)/(70 — atycc)

where ogcg is the deadrise angle, in degrees,
measured at LCG and ay is the deadrise angle,
in degrees, between horizontal line and straight
line joining the edges of respective area mea-
sured at the longitudinal position of the load
point; values taken for oy and a4 are to be
between 10° and 30°

acg . Design vertical acceleration at LCG, defined in
[6.1].

8.4 Impact pressure on bottom of wet-deck
of catamaran (including tunnel radius)

8.4.1 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: z,4=0,05-1L

e forL>65m: z,=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:

Ha
psi = 3K;KwpVxVs | 1-0, 85H_

S

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 par-
allel to the waterline, the impact pressure py; is to be consid-
ered at the discretion of the Society.

Figure 6 : Impact area factor

Kig
1,0 -
05 o o
0 05 08 1,0 XL
Figure 7 : Distribution factor K,p
KWD A
1,0 - -
0,5
0,4 ; |
0 02 0708 1,0 XL

8.5 Sea pressures

8.5.1 Sea pressure on bottom and side shell

where: The sea pressure, in kN/m?, considered as acting on the bot-
. . . tom and side shell is to be not less than pqy,, defined in Tab 8,
Ha : Air gap, in m, equal to the distance between the nor less than:
waterline at draught T and the wet deck . '
s . . . . . <T:
Hs : Significant wave height, in m, defined in [6.1.3] orz
K, . Factor accounting for impact area, as defined in p. = 10" (T +0,75-S _(1 ~0,25- %) . z)
[8.3.1]
Kwp . Longitudinal wet deck impact pressure distribu- o forz>T:
tion factor (see Fig 7): p. = 10-(T+S—7)
e for x/L<0,2:
where:
X
Kwo = 0, 5(1 - [) S : As given, in m, in Tab 8 with C; taken not
. for02 <xL <07 greater than 0,5
o z : Vertical distance, in m, from the moulded base
Kwp = 0,4 line to load point z, to be taken positively
e for0,7 <x/L<0,8: upwards.
Kwo = 6> -3,8
L 8.6 Sea pressures on front walls of the hull
e forx/L>0,8: . . .
8.6.1 The pressure, in kN/m?, considered as acting on front
Kwp =1,0 walls of the hull (in case of stepped main deck), not located
Vg : Relative impact velocity, in m/s, equal to: at the fore end, is to be not less than:
4Hs X
Vg = —+1 =6 (1+——"1—](1+ L- .
sl J ps =6 (1 Z-L(CB+O,1))(1 0,045-L-0,38-2z)
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Table 8 : Values of S and p.,in

S psmin
x/L>0,9 TSO,36-aCG~“—C/—I—‘S3,5~T 20gL+575g35
B
XL<0,5|T<0,60-acg-~L<2,5-T 10SLTO75$20

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-Xx/L) - (Psrp — Psm))

where pg is the sea pressure at fore end and py in midship
area.

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)

z : Distance, in m, from load point to waterline at

draught T.

Where front walls are inclined backwards, the pressure cal-
culated above can be reduced to (p sin a), where a is the
angle in degree between front wall and deck.

psi is to be taken not less than the greater of:
3+(6,5+0,06-L)-sina
3+2,4-ace

8.6.2 For front walls located at the fore end, the pressure py;
will be individually considered by the Society.

8.7 Sea pressures on deckhouses

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

X
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8.7.2 The minimum values of py, in kN/m?, to be consid-
ered are:

e for the front wall of the lower tier:
P =6,5+0,06 - L

e for the sides and aft walls of the lower tier:

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

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

8.8 Deck loads

8.8.1 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 [6.1]
p : Uniform pressure due to the load carried, in

kN/m?, defined in [8.8.2] to [8.8.6].

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+0,4a,).

8.8.2 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 z,) kN/m?

= . RN E— N . i >3:
e = K (1+2.L(CB+0,1))(1+0,045 L-0,38-2,) o ifzy>3:
h p = 3,0 kN/m?
where: o where z4 is the vertical distance, in m, from deck to
K, : Coefficient equal to: waterline at draught T.
¢ ggr ftrlont \;\;]alls 9f da kdecl:h?:hsef Iocatedcll p can be reduced by 20% for primary supporting mem-
irectly on the main deck not at the fore end: bers and pillars under decks located at least 4 m above
Ky =6,0 the waterline at draught T, excluding areas in way of
e for unprotected front walls of the second launching appliances.
tier, not located at the fore end: b) For weather decks and exposed areas with deck cargo:
K, = 5,0 o ifzy<2:
e for sides of deckhouses, b being the breadth, p = (p. +2) kN/m?, with p, > 4,0 kN/m?
in m, of the considered deckhouse: . if2<z.<3:
Ky=1,5+3,5b/B (with3<K<5) o _
« for the other walls: p = (pc + 4 — zg) kN/m?, with p.> (8,0 — 2 zy) kN/m?
K =30 ' o if Zy >3
m = (pc + 1) kN/m? ith p. > 2,0 kN/m?
X : Distance, in m, from front walls or from wall P = (pe + 1) kN/m?, W Pe =2/ m
elements to the midship perpendicular (for front where:
walls or side walls aft of the midship perpendic- Pc : Uniform pressure due to deck cargo load, in
ular, x; is equal to 0) kN/m?, to be defined by the designer with
z . Distance, in m, from load point to waterline at the limitations indicated above.
draught T. zy Distance defined in [8.8.2] a).
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8.8.3 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 admissi-
ble load, which is to be clearly indicated. Deckhouses protected by
such decks may not have direct access to ‘tween-deck below.
8.8.4 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/m2.

8.8.5 Enclosed cargo decks

For enclosed cargo decks: p = p,

where p. is to be defined by the designer, but taken not less
than 3,0 kN/m?2.

8.8.6 Platforms of machinery spaces

For platforms of machinery spaces: p = 15,0 kN/m?

8.9 Pressures on tank structures

8.9.1 The pressure, in kN/m?, considered as acting on tank
structures is to be not less than the greater of:

pa =9,81-h;-p-(1+0,4-a,)+100-p,

pi. = 9,81-h,

where:

h, : Distance, in m, from load point to tank top

h, . Distance, in m, from load point to top of over-

flow or to a point located 1,5 m above the tank
top, whichever is greater

p ¢ Liquid density, in m?3 (1,0 tm? for water)
Py :  Setting pressure, in bars, of pressure relief valve,
when fitted.

8.10 Pressures on subdivision bulkheads

8.10.1 The pressure, in kN/m?, considered as acting on
subdivision bulkheads is not less than: py, = 9,81 - h,

9 Direct calculations for primary structure

9.1 General

9.1.1 Direct calculations generally require to be carried
out, in the opinion of the Society, to check primary struc-
tures for craft with speed V > 45 knots.

9.1.2 In addition, direct calculations are to be carried out
to check scantlings of primary structures of craft whenever,
in the opinion of the Society, hull shapes and structural
dimensions are such that scantling formulas in Article [10]
are no longer deemed to be effective.

9.1.3 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

¢ marked V-shapes, so that floor and web tend to degen-
erate into a single element

¢ complex, non-conventional geometries
¢ significant racking effects on the structure

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

9.2 Loads

9.2.1 In general, the loading conditions specified in [9.2.6]
to [9.2.10] are to be considered.

9.2.2 |In relation to special structure or loading configura-
tions, 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 neces-
sary to consider further loading conditions specified by the
Society in individual cases.

9.2.3 The vertical and transverse accelerations are to be
calculated as defined in Article [6].

9.2.4 The impact pressure is to be calculated as defined in
[8]. For each floor, the K2-factor which appears in the for-
mula for the impact pressure is to be calculated as a func-
tion of the area supported by the floor itself.

9.2,5 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 individu-
ally, 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.

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

e forces caused by weights which are expected to be car-
ried in the full load condition, distributed according to

where: the weight booklet of the craft
h, . Distance, in m, from load point to bulkhead top. e outer hydrostatic load in still water.
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9.2.7 Combined loading condition 1
The following loads are to be considered:

e forces caused by weights which are expected to be car-
ried 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.

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

e forces caused by weights which are expected to be car-
ried 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 [9.2.5]

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

9.2.9 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 car-
ried 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.

9.2.10 Loading case for catamaran

In addition to the loading cases defined from [9.2.6] to
[9.2.9], the loading case defined in [7.2.6] is to be consid-
ered.

9.3 Structural model

9.3.1 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.

9.3.2 In general, the extent of the model is to be such as to
allow analysis of the behaviour of the main structural ele-
ments and their mutual effects.

9.3.3 When the stiffness of longitudinal primary members
(girders and stringers) is, at least outside the machinery
space area, negligible compared with the stiffness of trans-
verse structures (beams, floors and webs), their presence
may be taken account of by suitable boundary conditions. It
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9.3.4 When racking behaviour is investigated and loads
thus act in the transverse direction (loading condition 3),
special attention is to be devoted to modelling of continu-
ous 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 trans-
verse deformations of primary rings.

In such cases, it is still permissible to examine bidimen-
sional rings, by simulating the presence of decks and plat-
forms with horizontal springs according to criteria specified
by the Society.

9.4 Boundary conditions

9.4.1 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:

e 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°

e 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 introduc-
ing 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 verti-
cal and horizontal resultants of the loads.

¢) Loading case for catamaran:

General boundary conditions defined in [7.2.6] are to
be considered.

9.5 Checking criteria for primary structure

9.5.1 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 val-
ues, in N/mm?:

* bending stress:

o _ 150
moK-f - f,

e shear stress:
.90
MoK,

e Von Mises equivalent bending stress:

190

is therefore acceptable in this case to examine primary Seqam = 17 1.
members in this area of the hull by means of plane analyses
of transverse rings. where:

7 . tPa H ial-
In cases where such approximation is not acceptable, the Fin + Coefficient depending on the material:
model adopted is to be three-dimensional and is to include e for steel structures: 1,00
the longitudinal primary members. e for aluminium alloy structures: 2,15
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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].
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
[10.5] and [10.6].
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.

9.5.2 Composite structures

For composite structure, the safety factors specified in [4.2.1]
deduced from direct calculation for primary structure are to
be greater than the rule safety factors defined in [4.3.3].

10 Hull structure scantling

10.1 General

10.1.1 The present Article defines requirements for the
scantlings of hull structures (plating, stiffeners, primary sup-
porting members).

As a rule, for ships with a length greater than 24 m, the lon-
gitudinal strength check as defined from [10.3] to [10.7]
and the structure check under local loads defined from
[10.8] to [10.10] are to be carried out. For ships with a
length less than 24 m, the structure check under local loads
is to be carried out only, the longitudinal strength is consid-
ered satisfied when local scantlings are in accordance with
requirements defined from [10.8] to [10.10].

10.1.2 As a rule, 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 [9].

10.1.3 For all other craft, 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 [9].

10.2 Definitions and symbols

10.2.1 Definition and symbols

b ¢ Actual surface width of the load bearing on pri-
mary supporting members

e : Ratio between permissible and actual hull
girder longitudinal bending stresses (see [10.3])

e=o0,/0y
Material factor defined in Article [3]

Y4 : 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 [8]
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s : Spacing of stiffeners, in m, measured along the
plating
S : Conventional scantling span of primary support-

ing members, in m, to be taken as given in Fig 9.
Special consideration is to be given to condi-
tions different from those shown

In no case S is to be taken less than (1,1 S), S,
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?

Oy . Longitudinal bending stress, in N/mm?, as
defined in [10.3]

G, Maximum permissible stress, in N/mm?, as
defined in [10.3.4]

t : Thickness, in mm, of plating

Tam : Permissible shear stress, in N/mm?

u . Defined as follows:
W= 11,1 —0,5-@2
which needs not be taken greater than 1,0

Z : Section modulus, in cm?, of stiffeners and pri-

mary supporting members.

10.2.2 Bracket rule

A bracket rule is a bracket with arms equal to ¢/8, ¢ being
the span of the connected stiffener. Where the bracket con-
nects two different types of stiffeners (frame and beam,
bulkhead web and longitudinal stiffener, etc.) the value of ¢
is to be that of the member with the greater span, or accord-
ing to criteria specified by the Society.

10.3 Gilobal strength

10.3.1 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 [10.3] to [10.7] taking
into account overall loads defined in Article [7].

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

b) Global longitudinal stress calculation:

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

e at bottom:

M,

<1073
Wb

Op =
e at main deck:
Cp = % - 10 3

Wy
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e at height z above the bottom:

1 1 1 z

Obl = Mbl'(v'v;—(w';‘*'w-;) -5)-10’3

where:

z

Depth, in m, measured at main deck

Total bending moment, in kN.m, defined in
Article [7]

Section modulus, in m?, respectively at bot-
tom and main deck at the stress calculation
point of the craft section under consider-
ation. 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 co-ordinate, in m, of the calculation point.

c) Scantling criteria:

The values of stress oy, are not to exceed c,, with:

e for steel structures:

o, = 150/K (N/mm?2)
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e for aluminium alloy structures:
6, = 70/K (N/mm?)
e composite structures:

for composite structure, the safety factors specified
in [4.2.1] deduced from the longitudinal strength
calculation are to be greater than the rule safety fac-
tors defined in [4.3.3].

Moreover, the compressive values of oy, are not to
exceed the values of critical stresses for plates and stiff-
eners calculated according to [10.5] for steel structure,
[10.6] for aluminium alloy structure and [10.7] for com-
posite structure.

10.3.2 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 are to be directly deduced from
the beam model calculation defined in [7.2.6], ¢) and are to
be in compliance with the criteria defined in [10.3.1], ¢).

Particular attention is to be paid to:
¢ shear buckling check of cross bulkheads

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

Figure 8 : Examples of spans of ordinary stiffeners
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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 9 : Examples of conventional scantling spans of primary supporting members
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A, = area of girder face plate; a, = area of bracket face plate; a; 20,5 A,

10.4 Fatigue

10.4.1 General

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

10.4.2 Effect of stabilisation system

The beneficial effect of stabilisation system may be consid-
ered 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.

10.5 Buckling strength of steel structural
members

10.5.1 Application

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

10.5.2 Elastic buckling stresses of plates

a) Compressive stress:

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

24 Bureau Veritas

t 2
o= 0.9-mt (1)

1000 - a
where:
a : Shorter side of plate, in m
b : Longer side of plate, in m
c : * When plating is stiffened by floors or
deep girders:
c=1,30
e When plating is stiffened by ordinary
stiffeners with angle- or T-sections:
c=1,21
e When plating is stiffened by ordinary
stiffeners with bulb sections:
c=1,10
¢ When plating is stiffened by flat bar ordi-
nary stiffeners:
c=1,05
E : Young’s modulus, in N/mm?, to be taken
equal to 2,06 - 10° N/mm? for steel structure
me : e For plating with stiffeners parallel to
compressive stress:
- 84
C o y+1,1
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e For plating with stiffeners perpendicular
to compressive stress:

22
a 2,1
=c-|1+(2) ) - —=
m. = ¢ (1 (b)) y+1,1
b4 : Ratio between smallest and largest compres-

sive stresses when the stress presents a linear
variation across the panel (0 <W < 1)

t : Thickness of plating, in mm.

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

—0.9.m, E.[—Lt )2
7w =20,9 m'E(1OOO-a

where:
m,=5,34+4-(a/b)?
E, t, a and b are given in item a) above.

10.5.3 Elastic buckling stress of axially loaded stiffeners

NR 490, Sec 2

.13
I = —hw3 b 104

e for flanged profile:

i t
I, = 5-(hw~t3v+bf-t,»3-(170,63~b—f))~1074

w : Sectional moment of inertia of profile, in cm®,
about connection of stiffener to plate, equal to:
e for flat bars:
h3 . t3
l, = 2w 106
36
e for T profiles:
oo b b?-hi
v 12
e for angles and bulb profiles:

31,2 -6
) %[n(b%zbfhw“hi)*3twahw]
f w

10

w

a) Column buckling without rotation of the cross section: / Span, in m, of the stiffener
F<]>r thefc?lqmn Euckllmg nk:odfl(perpend'f:ular (o the m : Number of half-waves, given in Tab 9
plane of plating) the elastic buckling stress, in N/mm?, is - . Web thickness, in mm
given by:
I, Table 9 : Values of m
¢ = 0,001 - F. —
At
b) Torsional buckling mod = =
) Torsiona u'c ing mode: . . . 0<C <4 1
For the torsional mode, the elastic buckling stress, in
) . 4<C. <36 2
N/mm?, is given by:
2. E.| C l 36 <C< 144 3
U S 2+__E) + ek
Ce NG (m ) 70,385 F I M-12m2<C <m?(m+1)? m
c) Web buckling: by : Flange width, in mm
The elastic buckling stress, in N/mm?, is given by: C . Spring stiffness factor, exerted by supporting
£ N2 plate panel, equal to:
=3.8-F- (.V‘.. ;
Gg 5 h, c - kp-E-t3 103
- .33k oy
where: 3s. (1 + _’__P__W_)
) , , 1000 -5 - &3
A : Cross-sectional area, in cm?, of the stiffener,
including plate flange Mp =0,/ ogp
_c. k, =1 —mn,, not to be less than zero
Cy = - 10¢ . . .
ntE-ly, s : Spacing of stiffeners, in m
E : Young’s modulus, in N/mm?, to be taken equal c, : Calculated compressive stress in the stiffener
t0 2,06 - 10° N/mm? Oep Elastic buckling stress of plate as calculated in
h, Web height, in mm [10.5.2] @)
I, Moment of inertia, in cm*, of the stiffener, t :  Plate thickness, in mm
including plate flange t : Flange thickness, in mm (for bulb profiles, the
I : Polar moment of inertia of profile, in cm?*, about mean thickness of the bulb may be used).
connection of stiffener to plate, equal to: . .
. 10.5.4 Critical buckling stresses and safety factors
o for flat bars:
hi ot a) Compressive stress:
lp = =510 The critical buckling stress in compression o, in
' 2, for pl iff is gi :
e for flanged profile: N/mm?, for plates and stiffeners, is given by
h -ty _ Se . Rets
lp:(—T—‘Fhﬁ/‘b('tf)‘1074 GC_SF1 ”:GES 2
I, : Saint Venant moment of inertia of profile, in G.= ReH.(1 _ ReH) if GE>&
4 . ¢ SF, 4 - o 2
cm?, without plate flange, equal to:
e for flat bars: where:
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10.6

Ren : Minimum vyield stress of steel used, in
N/mm?

or . Elastic buckling stress calculated according
to [10.5.2] a) and [10.5.3]

SF, . Safety factor defined in [10.5.4], ¢).

Shear stress:

The critical buckling shear stress 1, in N/mm?, for pan-
els and stiffeners, is given by:

T.= STF: if T¢ S%
T, = T—F:O 741.;) if rE>1:2—F
where
T = Ren
J3
Ren : Minimum vyield stress of steel used, in
N/mm?
SF, . Safety factor defined in [10.5.4] ).
T . Elastic buckling stress calculated according
to [10.5.2] b)

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.
e secondary stiffeners:

- local loads: SF, = 1,00

- overall loads: SF, = 1,33.
® primary structure:

- local loads: SF, = 1,00

- overall loads: SF, = 1,53.

Buckling strength of aluminium alloy
structural members

10.6.1 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.

10.6.2 Elastic buckling stresses of plates

a)

26

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

~0.9-m, E-g-[— )2
6= 0,9 m. Ere (oo
where:
me : * For uniform compression (¥ = 1):
me = (1 + 722
e For compression-bending stress (0 < < 1):
- ify<yge
— Y
m.=1++-(m,-1
" (m,—1)

- ify>ye
P 2y2
M= T4y (T+7v%)
Shorter side of plate, in m
Unloaded side of plate, in m
Loaded side of plate, in m

< o 0 w

c/d, not to be greater than 1

L,L1+Y¥
4 - 0.7 1

3
(147D

Yi =

2,1
1+¥

2

m1—1

>

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>1:6=1,0
- ify<1lie=1,1.
¢ for edge d stiffened by angle- or T-section:
- ify>1:e=1,1
- ify<1:e=1,25.

v :  Ratio between smallest and largest compres-
sive stresses when the stress presents a linear
variation across the panel (0 <W¥ <1)

t . Plate thickness, in mm.
Shear stress:

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

- 0.9. ..;)2
Te 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.

10.6.3 Elastic buckling stress of axially loaded

a)

Bureau Veritas

stiffeners
Elastic flexural buckling stress:

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

2
= =) -m-10%
oc = 69,1+ (ro05—) +m- 10

where:

| : Moment of inertia of the stiffener, in cm?,
calculated with a plate flange of width equal
too

o) : Smaller of: 800 a, and 200 ¢

r : Gyration radius, in mm, equal to:
r=10 ]—1

S+eo-t-10
S : Area of the cross section of the stiffener, in

cm?, excluding attached plating,
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m . Coefficient depending on boundary conditions:

e for a stiffener simply supported at both
ends:m =1

e for a stiffener simply supported at one
end and fixed at the other one: m =2

e 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:
o for flat bars:

t 2
= ) 103
(o 5,5 (h\) 0

e for built up stiffeners with symmetrical flange:

- web:
t 2
O = 27-(#) - 10%
- flange:
or = 11 (g)z 10¢
where:
by :  Flange width, in mm
h,, : Web height, in mm
t; : Flange thickness, in mm
ty, : Web thickness, in mm.

10.6.4 Critical buckling stresses and safety coefficient
a) Compressive stress:
The critical buckling stress o, in N/mm?, is given by:
ol if o< Rpo 20’2

o, = Reo 0‘2-(1 L 0‘2) if <SE>—1°——R20’2

¢ SF, 4o
where
R'p02 ¢ Minimum guaranteed yield stress of aluminium
alloy used, in N/mm?, in welded conditions
o . Elastic buckling stress calculated according
to [10.6.2], a)
SF, : Safety factor defined in item c).

b) Shear stress:

The critical buckling stress 7., in N/mm?, is given by:

NR 490, Sec 2

10.7 Buckling strength of composite structural
members

10.7.1 The buckling analysis of composite structure is to be
carried out according to NR546 Composite Ships, Sec 6, [4]
for panel and NR546 Composite Ships, Sec 7, [5] for stiffeners.

It is to checked that the actual longitudinal stresses calcu-
lated according to [10.3] are in compliance with the buck-
ling criteria defined in [4.2].

10.8 Plating scantling under local loads

10.8.1 General

The thickness of plating for steel and aluminium structure
are to be calculated according to [10.8.2] to [10.8.9].

Composite plate are to be considered as defined in [10.8.10].

10.8.2 Plating submitted to lateral pressure

The thickness, in mm, required for the purposes of resis-
tance to design pressure, is given by the formula:

t=22,4-p-s- -2
Gam

where:
P : Pressures, in KN/m?, defined in Article [8]
Gam : Permissible stress, in N/mm?, to be taken equal to:

e for bottom plating submitted to impact pres-
sure if occurring:

- steel structures:
Gam = 235/K (N/mm?)

- aluminium alloy structures:
o,m = 95/K (N/mm?).

e for other cases:

- steel structures:
G.m = 185/K (N/mm?)

- aluminium alloy structures:
G, = 85/K (N/mm?).

10.8.3 Minimum thicknesses

As arule, in addition with [10.8.2], the thicknesses of plating
are to be not less than the minimum values given in Tab 10.

Lesser thicknesses than the one given in Tab 10 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

o= if < R’Eo,z be made to limit corrosion.
c E=
SF, 2 ﬁ
, . : Table 10 : Minimum thicknesses
— RpO,Z _ RpO.Z H R p0, 2
. (1 ) if Tp>—=
5F1~ﬁ 4'TE"\/§ 2A/§ —
Element Minimum
where: thickness (mm)
R'po2 : Asdefined in item a) Shell plating:
SF, . Safety factor defined in item c) ¢ Bottom shell plating 1,351 22,5
Te . Elastic buckling stress calculated according ¢ Side shell plating and wet deck plating | 1,15-L">2,5
to item b) Deck plating 2,5
c) Safety factors Bulkhead plating 2,5
The values of safety factors SF, are defined in [10.5.4], c). Deckhouse side shell plating 2,5
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10.8.4 Keel

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

10.8.5 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, which-
ever 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.

10.8.6 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 [10.12]), taking a design pressure p,, in
kN/m?, equal to:
pt = ps + 0/5 : psl
where

p, and p, are as defined in [8.5] and [8.3] respectively.

10.8.7 Plating of side shell and front walls

a) If front walls are located at the fore end of the hull, the
pressure pg (see [8.6]) 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) At the ends of deckhouses, the thickness of the sheer-
strake 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.

10.8.8 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 [10.12].

10.8.9 Plating of deckhouse walls

a) Openings (doors, windows) are to be well rounded at
the corners

10.8.10 Scantling of composite panel

The scantling of composite panels is to be checked accord-
ing to:

e the local loads defined in Article [8]
o the safety factor criteria defined in [4.3]

e the calculation methodology defined in NR546 Com-
posite ships, Section 6.

10.9 Scantling of ordinary stiffeners under
local loads

10.9.1 General

The scantling of ordinary stiffeners for steel and aluminium
alloy structure are to be calculated according requirements
defined from [10.9.2] to [10.9.3].

For composite structures, the scantling of ordinary stiffeners
is to be checked according to [10.9.9].

The ends of ordinary stiffeners are, in general, to be con-
nected 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 brack-
ets, at the discretion of the Society.

Table 11 : Coefficient m

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

10.9.2 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

b) Where there is no access from inside deckhouses M Gam
to’tween-decks below or where one of the boundary
walls concerned is in a particularly sheltered position, A =5- Lsep
reduced scantlings compared with those above may be Tam
accepted, at the discretion of the Society where:
c) For unprotected front walls located at the fore end, the m . Coefficient defined in Tab 11
pressure pg, defined in [8.7] and allowable stresses are '
to be considered individually by the Society. p : Pressures, in kN/m?, defined in Article [8].
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Table 12 : Coefficients C; and C,
Steel structures Aluminium alloy structures
L x/L
GCs Ca

L<24m 0<x/L<1 1 1
L > 24 m (Note 2) 0<x/L<1 1,4-1/e 1,3-1/e

¥ <0,1 1 1

1 X 1 X

0,1 <x/L<0,3 1+0,5~(0,4f€‘)(10 [71) 1+0,5-(0,375)-(10 [71)
Alternative method for 24 m
<L<65m 03 <xL<0,7 1,4JE 1,3-1
(Note 3)

1 X 1 X

0,7<x/L<0,9 170,5-(0,4—6)-(10 ——9) 170,5-(0,3—5)-(10 [—9)

0,9<x/L<1 1 1
e Ratio between permissible and actual hull girder longitudinal bending stresses (see [10.3]):

e=o0,/ 0y

Note 1: In these formulae, the values of Cs and C, are to be taken less than or equal to 1.
Note 2: The ratio e is to be calculated at the location x, on basis of bending moment distribution defined in [7.2].
Note 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.

O-am/ Tam :

CS/ CA

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

e for bottom stiffeners submitted to impact
pressure if occurring:

- steel structures:

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.

10.9.3 Minimum thicknesses

G, = 150/K (N/mm?)

T = 90/K (N/mm2) a)
- aluminium alloy structures:

G,m = 70/K (N/mm?)

T,m = 45/K (N/mm?),

o for other stiffeners contributing to the longi-
tudinal strength (see [10.1]):

- steel structures:
Gom = 150 Cy/K (N/mm?)
Tom = 90/K (N/mm?)
- Aluminium alloys structures:
O,m = 70 C4/K (N/mm?)
T,m = 45/K (N/mm?).

e for other stiffeners not contributing to the
longitudinal strength:

- steel structures:
G,m = 150 /K (N/mm?)
T,m = 90/K (N/mm?)
- aluminium alloys structures:
G,m = 70 /K (N/mm?)
T,m = 45/K (N/mm?).
As defined in Tab 12.

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 a 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 (a).
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Steel stiffeners:

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

o flat bar:

};—WSZOﬁ

W

e other section:

>
<

<55./k

~

W

hutw
6

bt >
for symmetrical flange:
tt’—f <33./k

f

or, for dissymmetric flange:

%‘s 16, 5./k
where:
h,, t, Height and thickness of web, in mm
by, t; Width and thickness of face plate, in mm.
Aluminium alloy stiffeners:

As a rule, for aluminium alloy stiffeners, the thicknesses
of web and flange are not to be less than:
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e Flat bar:
T—W <157k

e Other section:
Py <33k
bfth hWtW

for symmetrical flange:
?—"s 21k
f

or, for dissymmetric flange:
b

TS 10, 5./k
where:
by, t; : Width and thickness of face plate, in mm
h,, t., : Heightand thickness of web, in mm.

10.9.4 Connection to primary members

a) In general, the resistant weld section A,, in cm?, con-
necting the ordinary stiffeners to the web of primary
members, is not to be less than:

Ay =0¢-p-s-£-K-10°

where:

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

4 Span of ordinary stiffeners, in m

p Pressure, in kN/m?2

o) Coefficient as indicated in Tab 13

s Spacing of ordinary stiffeners, in m.

b) For aluminium alloys, when calculating the resistant con-
necting weld section, the fillet weld length d., in mm, is
determined as follows (see cases 1 and 2 in Tab 13):

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 13 : Coefficient ¢

Case Weld Aluminium Steel
alloy

1 Parallel to thg reaction 200 100
exerted on primary member

Perpendicular to the reaction

exerted on primary member 160 75

10.9.5 Bottom and bilge

a) Single and double bottoms are generally to be longitudi-
nally framed
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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.

10.9.6 Side and front wall

For unprotected front walls located at the fore end, the pres-
sure py (see [8.6]) and allowable stresses are to be consid-
ered individually by the Society.

10.9.7 Deck

a) Where there are concentrated loads of significant magni-
tude, 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 require-
ments of [10.12]

c) Where longitudinals are interrupted in way of watertight
bulkheads or reinforced transverse structures, the conti-
nuity 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 ele-
ment, provided that special provision is made for the
alignment of longitudinals, and full penetration welding
is used.

10.9.8 Boundary walls of deckhouses

a) If unprotected front walls are located at the fore end, the
pressure p, (see [8.7]) and the allowable stresses are to
be considered individually by the Society

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

¢) Longitudinal stiffeners are to be fitted on the upper and
lower edges of large openings in the plating. The open-
ings 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.

10.9.9 Scantling of composite ordinary stiffeners

The scantling of ordinary stiffeners is to be checked accord-

ing to:

¢ the local loads defined in Article [8]

o the safety factor criteria defined in [4.3]

¢ the calculation methodology defined in NR546 Com-
posite 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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10.10 Scantling of primary supporting members
under local loads

10.10.1 General

The scantling of primary supporting members for steel and
aluminium alloy structure are to be calculated according
requirements defined from [10.10.2] to [10.10.7].

For composite structures, the scantling of primary stiffeners
is to be checked according to [10.10.8].

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

10.10.2 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 fol-
lowing formulae:

2.p-
z = 1000 =P

am

A=5- %e
where:
m . Coefficient which depends on support condi-

tions at the ends of the girder span, generally
assumed to be equal to:

e 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 [8]

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

e for bottom primary stiffeners submitted to
impact pressure if occurring:

- steel structures:
G,m = 150/K (N/mm?)
Tom = 90/K (N/mm?)
- aluminium alloy structures:
G,m = 70/K (N/mm?)
Tam = 45/K (N/mm?)

e for other primary stiffeners contributing to
the longitudinal strength:

- steel structures:
Gam = 150 Cy/K (N/mm2)
T,m = 90/K (N/mm?)
- Aluminium alloys structures:
G,m = 70 Cy/K (N/mm?)
T,m = 45/K (N/mm?)

e for other stiffeners not contributing to the
longitudinal strength:
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- steel structures:
G = 150 /K (N/mm?)
T,m = 90/K (N/mm?)
- aluminium alloys structures:
Gam = 70 /K (N/mm?)
T, = 45/K (N/mm?).

These formulae are applicable for single beam model calcu-
lation. 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.

10.10.3 Minimum thicknesses
a) Steel stiffeners:

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

e web:

T—‘fsmoﬂ

e face plate:
- for symmetrical flange:

by

—<33./k
t;

- or, for dissymmetric flange:
tt’—fs 16, 5/k
f

b) Aluminium alloy stiffeners:

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

e web:

T—Wgwﬁ

e face plate:

- for symmetrical flange:
b o1k
t
- or, for dissymmetric flange:
i’—fs 10,5./k
f

Webs of primary supporting members are generally
to be stiffened where the height, in mm, is greater
than 60t (t being the web thickness, in mm, of the
primary supporting member), by web stiffeners
spaced not more than 65 t.
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10.10.4 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 pro-
vided 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 stiffeners 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 for steel:
t=(0,05-L+2)-K%

e for aluminium alloys:
t=(0,07-L+2,5) K5

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,=0,50-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 car-
ried out as deemed necessary by the Society.

10.10.5 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 [10.10.2], taking into account
the following permissible stresses:

¢ Aluminium alloy structures:
G,m = 70/K — o, (N/mm?)
Tam = 45/K (N/mm?),

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 [8.6] and allowable stresses are to
be considered individually by the Society.

10.10.6 Decks

a) The primary members of decks constituting the top or
bottom of tanks are also to comply with the require-
ments of [10.12]

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

In this case the structural check is, generally, to be car-
ried 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 con-
sidered.

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

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

10.10.7 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.

10.10.8 Scantling of composite primary supporting
members

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

¢ the local loads defined in Article [8]
e the safety factor criteria defined in [4.3]

¢ the calculation methodology defined in NR546 Com-
posite ships, Section 7.

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

Gam, Tam : @ Steel structures: ) o
When deemed necessary by the Society, a combination
6.m = 150/K — o, (N/mm?) with the longitudinal hull girder stresses for the local scant-
ling under local loads may be carried out on a case-by-case
T,m = 90/K (N/mm?) basis.
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10.11 Pillars

10.11.1 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:

e 1,0 for the pillar considered

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

* 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 = AI’Gp + erQC

where:

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

p : Deck load as defined in [8.8]

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

My : Weighting factor.

10.11.2 Steel pillars

The minimum area A, in cm?, of the section of a pillar, is to
be not less than:

e for0<A<1,5
A~ Q(1+0.75-39

12
e forA>15
- Qe
A 10
where:
A : Slenderness of the pillar equal to the ratio

between the pillar length, in m, and the mini-
mum radius of gyration r of the pillar cross-sec-
tion, in cm

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

| : Minimum moment of inertia, in cm?, of the pil-
lar 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 deter-
mined as follows:

A" =A - (235/R,) provided A <1
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where:
Ren . 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 distribu-
tion are to be fitted at the ends of pillars. Where, in excep-
tional 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 inter-
sections of floors and girders, partial floors or other struc-
tures 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 gener-
ally 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.

10.11.3 Pillars made of aluminium alloys
a) Critical stress for overall buckling of pillars.

For global buckling behaviour of pillars made of alumin-
ium alloy, the critical stress, o, in N/mm?, is given by
the formula:

o = Rpoo’ .C
f.
0,85 +0, 25 (TZ)
where:
Rpo2’ Minimum as-welded guaranteed yield stress
of aluminium alloy used, in N/mm?
f . Coefficient given in Tab 14 depending on
the conditions of fixing of the pillar
l . Length of pillar, in m
r : Minimum radius of gyration, in cm, of the
pillar cross section, equal to:
I
g
C . Coefficient as given in Fig 10, and equal to:
e for alloys without heat treatment:
1
T+x+/(1+1)2=(0,68-2)
e for alloys with heat treatment:
1
T+a+JT+10)2=(3,2 1)
s~ Runs’
Gg
o, = 691
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Figure 10 : Coefficient C

c _
45 45
L 40
. 35—
- 30 —|
L 25—
- 20 —
* Alloys with heat treatment =
15 a5
;_10 .10 —
?'05 Alloys without heat treatment / j
B 1 2 3 4 5 6 7 8 9 i
Lo o e e e A
| : Minimum moment of inertia, in cm?, of the e for tubular pillars with a circular cross-section, the
pillar cross section stress o, in N/mm?, is given by:
A : Area, in cm?, of the pillar cross section. t
oy = 43000 - )
b) Critical stress for local buckling of pillars
* for local buckling behaviour of a pillars made of alu- D + Outer diameter, in mm
minium alloy, the admissible stress o, in N/mm?, is t : Plating thickness, in mm
given by the formula: e for pillars with I cross-sections, the stress o, in
2 1 H .
G = 2Ry’ - C N/mm?, is the lesser of the following values:
2
where: cg = 252000 - (%‘-:—)
C : Coefficient as defined in [10.11.3] a) 2
. ) _ i
Ryo, Minimum as-welded guaranteed yield or = 105000 - (g)
stress of aluminium alloy used, in N/mm?
Stress defined bel where:
. Stress defined below. . .
ot ' . ' by : Width of face plate, in mm
. i;)r tl:bu|al’ pl.”al‘NS/WIﬂ; le rgctan%ular cross-section, h,, Web height, in mm
e stress o, in N/mm?, is given by: i .
H & Y ty : Web thickness, in mm
. = 252000 - G))z t : Thickness of face plate, in mm.
c) Scantlings of pillars
where: ¢ the scantlings of pillars are to comply with the fol-
b . Greatest dimension of the cross-section, lowing requirements:
in mm 6 <G,
t : Plating thickness, in mm 6 <oy
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where:

o, : Overall buckling critical stress, as
defined in [10.11.3] a) above

Gy . Local buckling critical stress, as defined
in [10.11.3] b) above

c :Actual compressive stress, in N/mm?, in
the pillar equal to:
o =10 Q/A
with:
A : Cross-sectional area, in cm?,

of the pillars

Q : Actual compression load, in

kN, as defined in [10.11.1].

e the maximum allowable axial load, in kN, is the
smaller of the following values:

P.=c.-A-10-"
Pd:Gd'A' 1071

10.12 Tank bulkheads

10.12.1 General

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

10.12.2 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=224-f,p-s- [

Gam
where:
f . Coefficient depending on the material:
e for steel structures: f.,=0,80
e for aluminium alloy structures: f,, = 0,75
P . Design pressure, in kN/m?, as defined in [8.9]
Gam : e Steel structures:

6,4 = 185/K (N/mm?)
e Aluminium alloy structures:
6, = 85/K (N/mm?).
In addition, thickness is also to comply with [10.8.3].
b) Ordinary stiffeners:

The section modulus, shear area and welding section
required for ordinary stiffeners are given by the formulae
in [10.9.2], assuming;:

m . Coefficient depending on the type of stiff-
ener and support conditions at the ends of
the stiffener span, to be taken according to
Tab 11

January 2018 Bureau Veritas

NR 490, Sec 2

p : Design pressure p, as defined in [8.9]
Gam, Tam . ® Steel structures:

G.m = 150/K (N/mm?)

T, = 90/K (N/mm?)

e Aluminium alloy structures:

Gum = 70/K (N/mm?)

T, = 45/K (N/mm?).
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 [10.12.2] b),
assuming;:

m . Coefficient depending on support condi-
tions at the ends of the girder span, gener-
ally 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 [8.9]
Gam, Tam . ® Steel structures:

Gom = 150/K (N/mm?)

T,m = 90/K (N/mm?)

e Aluminium alloy structures:

Gam = 70/K (N/mm?)

T,m = 45/K (N/mm?),
Corrugated bulkheads:

The thickness and section modulus of corrugated bulk-
heads, calculated as stated in [10.12.2] to ¢) 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°.

Figure 11 : Dimensions of corrugation
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Table 14 : Coefficient f

? ; Q7 ool 3 e ox %&'
/ % / |
/ / / / |
/ / / / /
- - / ] / / /
Conditions of fixity | | // // /
| /
[ \ / / /
| \ ' /
\ \ j /
\ \ ES
72;
f 0,7 1,0 2,0 1,0 2,0

10.12.3 Composite structure

The scantling of composite tank bulkheads is to be checked
according to:

e for panel: [10.8.10]
e for ordinary stiffeners: [10.9.9]
e for primary supporting members: [10.10.8].

10.13 Subdivision bulkheads

10.13.1 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,-u-s- [B2

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
[8.10]
Gam : e Steel structures:

G = 235/K (N/mm?)
e Aluminium alloy structures:
Gom = 95/K (N/mm?).

The thickness of the collision bulkhead is to be multi-
plied by 1,15.

In addition, thickness is also to comply with [10.8.3].
b) Ordinary stiffeners:

The section modulus, shear area and welding section
required for ordinary stiffeners are given by the formulae
in [10.10.2], assuming:

m : Coefficient depending on the type of stiff-
ener and support conditions at the ends of
the stiffener span, to be taken according to
Tab 11

p . Design pressure py, as defined in [8.10]

G.m, Tam . ® Steel structures:
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Gam = 210/K (N/mm?)
T,m = 120/K (N/mm?)
¢ Aluminium alloy structures:
Gom = 95/K (N/mm?)
T,m = 55/K (N/mm?2).
The section modulus, shear area and welding section
required for the ordinary stiffeners of the collision bulk-
head are to be calculated considering o,, and t,,
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 [10.12.2], assuming:
m : Coefficient depending on support condi-
tions at the ends of the girder span, gener-
ally to be taken equal to 10
p : Design pressure py, as defined in [8.10]
Gam, Tam . ® Steel structures:
Gum = 210/K (N/mm?)
T,m = 120/K (N/mm?)
¢ Aluminium alloy structures:
Gam = 95/K (N/mm?)
Tam = 55/K (N/mm?).
The section modulus, shear area and welding section
required for the primary supporting members of the col-
lision bulkhead are to be calculated considering o,
and t,,, divided respectively by 1,3 and 1,2.
Corrugated bulkheads:

The thickness and section modulus of corrugated bulk-
heads, calculated as stated in [10.13.1], 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 [10.12.2] d).

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.
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Vertical stiffeners of bulkheads which do not act as pil-
lars are to have a section modulus (calculated in associ-
ation 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

NR 490, Sec 2

not exceeding 750 mm) not less than the value, in cm?,
given by the formula:

Z=2,65s%

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
[10.11], the load supported being determined in accor-
dance with the same provisions.

thickness is to be not less than 2 mm for steel bulk-
heads, and 3 mm for aluminium alloy bulkheads, and it
is to be strengthened by vertical stiffeners.

10.13.2 Composite subdivision bulkheads
The scantling of composite subdivision bulkheads is to be
checked according to:

e for panel: [10.8.10]
e for ordinary stiffeners: [10.9.9]

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 e for primary supporting members: [10.10.8].
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SECTION 3

1 Hull appendages

1.1 Propeller shaft brackets

1.1.1  General

Propeller shafting is either independent of the main hull and
supported by shaft brackets (see [1.1.2]) or enclosed in
bossing (see [1.1.3]).

1.1.2 Shaft brackets

As a rule, the scantlings of bracket arms are to be calculated
as indicated below. For high-powered ships, the Society
may require direct calculations to be carried out.

Bracket arms are to be attached to deep floors or girders of
increased thickness, and the shell plating is to be increased
in thickness and suitably stiffened, at the discretion of the
Society. The thickness of the palm connecting the arms to
the hull, if any, is to be not less than 0,2 ds, where:

ds : Rule diameter, in mm, of the propeller shaft,
calculated with the actual mechanical charac-
teristics.

and it is to be connected to the hull by means of through
bolts, fitted with nut and lock nut, in way of the internal hull
structures suitably stiffened.

The arms of V-shaft brackets are to be perpendicular, as far
as practicable.

The bearing length of the shaft bracket boss, in mm, is to be
not less than 3 d.

The thickness, in mm, of the shaft bracket boss after boring
operation is to be not less than:

t,=0,2 - ds - (k, +0,25)

OUTFITTINGS

Single-arm shaft brackets are to have a section modulus at
ship plating level, in cm?, not less than:

W = é’o-m*.e.dgn-,/n-dm

ma

where:

/ : Length of the arm, in m, measured from the
shell plating to the centreline of the shaft boss

n : Shaft revolutions per minute.

Moreover, the cross-sectional area of the arm at the boss is
not to be less than 60% of the cross-sectional area at shell
plating.

1.1.3 Plated bossing

Where the propeller shafting is enclosed within a plated
bossing, the aft end of the bossing is to be adequately sup-
ported.

The scantlings of end supports are to be individually consid-
ered. Supports are to be designed to transmit loads to the
main structure.

End supports are to be connected to at least two deep floors
of increased thickness, or connected to each other within

the ship.

Stiffening of the boss plating is to be individually consid-
ered. At the aft end, transverse diaphragms are to be fitted at
every frame and connected to floors of increased scantlings.
At the fore end, web frames spaced not more than four
frames apart are to be fitted.

1.2 Waterjets

1.2.1 The supporting structures of waterjets are to be able
to withstand the loads thereby generated in the following
conditions:

where: .
* maximum ahead thrust

ki = Rons / Ron e maximum thrust at maximum lateral inclination
Rmb : Minimum tensile strength, in N/mm?, of the e maximum reversed thrust (going astern).

shaft bracket boss, with appropriate metallurgi- . ) )

cal temper Information on the above loads is to be given by the water-

n . . jet manufacturer and supported by documents.

Rons : Minimum tensile strength, in N/mm?, of the pro-

peller shaft. 1.2.2 For each waterjet, following loading cases are to be
Each arm of V-shaft brackets is to have a cross-sectional investigated:
area, in mm?, not less than: LDC1 : Internal hydrodynamic pressure py in the built-

1600+ R in nozzle
+
S=287,5-107-d%- (R—ma) LDC2 : Horizontal longitudinal force F,; in normal ser-
" vice (ahead)

where: LDC3 : Horizontal transverse force F, and associated
dy, ¢ Rule diameter, in mm, of the propeller shaft, for moment M, during steering operation

a carbon steel material LDC4 : Horizontal longitudinal force F,,, vertical force
Rima : Minimum tensile strength, in N/mm?, of arms, F, and overturning moment M, in crash-stop sit-

with appropriate metallurgical temper. uation.
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1.2.3 The actual location of the thrust bearing is to be ade-
quately considered (either located aft of the stem in the sta-
tor bow! or inside the waterjet compartment).

1.2.4 The scantlings are to be checked by direct calcula-
tions.

1.2.5 Tab Tindicates the loading cases to be considered for
the various components of the waterjet system. Other load-

ing cases could be considered for specific or new design.

Table 1 : Loading cases

Component LDC1 | LDC2 | LDC3 | LDC 4
Built-in nozzle:
- plating X (1) X (2)
- bending behaviour X 3)
Ship stem X (2 X X @
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.

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

¢ bending stress:

o _ 150
™ KCF,

e shear stress:

N 90
™= KT,

* Von Mises equivalent bending stress:

_ 190
Geq.am - K-f

m

NR 490, Sec 3

1.2.9 General principles to be followed for such structures
subject to cyclic loadings are listed hereafter:

e continuous welding

e 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 stiff-
eners and brackets

e 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 compo-
nents (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.

1.2.10 Water jet tunnel in composite materials

The structure of water jet tunnel built in composite materi-
als are to be examined accordingly the loading cases
defined in this sub article taking into account the rule safety
factors defined in Sec 2, [4.3].

2 Rudders

2.1 General

2.1.1 Rudders which are intended to be operated at the
maximum angle of helm only during navigation at reduced
speed are to comply with the provisions of this Article.

2.1.2 This article applies to rudders having a rectangular or
trapezoidal blade contour without cutouts, of the types
shown in Fig 2 and Fig 3. Rudders of different types is to be
individually considered by the Society.

2.1.3 Rudders which are intended to be operated at the
maximum angle of helm during high speed navigation are

where: to be designed on the basis of direct calculations to be per-
f, . Coefficient depending on the material: formed by the designer. The acceptability of calculated
results are to be individually considered by the Society in
e 1,00 for steel structures each separate case.
e 2,15 for aluminium alloy structures
K : Material factor defined in Sec 2, [3]. 2.2 Definitions and symbols
Lo . . . 221
1.2.7 The stress criteria for fatigue analysis are to be speci- .
fied by the designer. A : Total area of rudder blade, in m?, bounded by
the blade external contour, including mainpiece
1.2.8 The shell thickness in way of nozzles as well as the and the part forward of the centreline of the rud-
shell thickness of the tunnel are to be individually consid- der pintles, if any
ered. In general, such thicknesses are to be not less than 1,5 Ap . Area, in m?, of the rudder part abaft the centre-
times the thickness of the adjacent bottom plating. line of rudder pintles
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Ar

Cr

40

Area, in m?, obtained by adding, to the rudder

blade area, the area of rudder post or rudder

horn, if any, up to height h

Rudder force, in N, acting on the rudder blade,

as defined in [2.5]

Rule diameter, in mm, of rudder stock subject to

combined torque and bending

Rule diameter, in mm, of rudder stock subject to

torque only

Shape factor, equal to:

ki=(A+2)/3

Factor depending on rudder profile as in Tab 2.

For high-efficiency rudders, k, is to be equal to

1,7 for ahead condition and 1,2 for astern con-

dition

Factor equal to:

e for rudders outside the propeller jet:
k;=0,8

e for rudders behind a fixed propeller nozzle:

ky=1,15
e in other cases:
ky=1,0
A=h2/A;

where h is the mean height of the rudder area, in
m. In no case is the value of A to be greater than
2. Mean height h and mean breadth b of rudder
blade are to be calculated according to Fig 1
Rudder torque, in N - m, acting on the rudder
stock, as defined in [2.5]

Maximum ahead service speed, in knots, at
maximum displacement, in still water

Distance, in m, from the centroid of area A to
the centreline of pintles.

Figure 1 : Rudder geometry

mean breadth of rudder, in m, equal to:

Xy + X3 — X4
2

mean height of rudder, in m, equal to:

b =

Z3+ 2,2,

h = 2
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Table 2 : Factor k,

k;

Profile type ahead astern
condition | condition

NACA-00 — Gottingen profiles

Hollow profiles

1,10-1,35 0,90

Flat side profiles

1,10 0,90

2.3 Materials

2.3.1 Rudder stocks, pintles, keys and bolts are to be made
of rolled, forged or cast C-Mn steel, in accordance with the
relevant requirements of the Rules.

2.3.2 The material used for rudder stocks, pintles, keys and
bolts is to have a minimum vyield stress R, of not less than
200 N/mm?.

2.3.3 The requirements for the determination of scantlings
contained in this article apply to steels having a minimum
yield stress R, equal to 235 N/mm?2.

2.3.4 In the case of steels with a yield stress Ry, other than
235 N/mm?, the values of diameters and thicknesses calcu-
lated with the formulae contained in the following sub-arti-
cles are to be modified as indicated, depending on the
factor K, obtained from the following formula:

“- 2

ReH

where:

Ren : Minimum vyield stress of steel used, in N/mm?;
in no case is Ry to be greater than 450 N/mm?
or 0,7 R, whichever is less
e for Ry >235 N/mm%  y=0,75
e for R, <235 N/mm?:  y=1,0

Rnm : Minimum ultimate tensile strength of steel

employed, in N/mm?.

2.3.5 In general, significant reductions in rudder stock
diameter for the application of steels with R, > 235 N/mm?
may be accepted by the Society, subject to the results of a
calculation to check rudder stock deformation.
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2.3.6 Significant rudder stock deformations are to be
avoided so as not to create excessive edge pressures in way
of bearings.

2.3.7 Welded parts of rudders are to be made of rolled hull
steels of a type approved by the Society.

2.3.8 Rudder in aluminium alloys

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:

k1=2?’—5

RIim

R'lim : Minimum yield stress of aluminium, in N/mm?,
as defined in Sec 2, [3.3.2].

2.4 Arrangement

2.4.1 Effective means are to be provided to support the
weight of the rudder without excessive bearing pressure
(e.g. by means of a rudder carrier attached to the upper part
of the rudder stock). The hull structure in way of the rudder
carrier is to be suitably strengthened.

2.4.2 Suitable arrangements are to be made to prevent the
rudder from accidental lifting.

2.4.3 In addition, structural rudder stops of suitable
strength are to be provided, except where the steering gear
is provided with its own rudder stopping devices.

2.4.4 In rudder trunks which are open to the sea, a seal or
stuffing box is to be fitted above the deepest load waterline,
to prevent water from entering the steering gear compartment
and lubricant being washed away from the rudder carrier.

If the top of the rudder trunk is below the deepest waterline,
two separate seals or stuffing boxes are to be provided.

2.5 Determination of the force acting on the
rudder blade and the torque acting on
the rudder stock

2.5.1 The rudder force Cy, in N, is to be calculated by the
following formula:

Ca=132-A-V2.k -k -k
where:
V =min [Vay, 2/3 - (Vay + 2 - L99)]

2.5.2 The rudder torque Qg, in N - m, is to be calculated for
both ahead and astern conditions according to the formula:

Qr=Cg-r

NR 490, Sec 3

b : Mean breadth of rudder area, in m,
measured in accordance with Fig 1.

ka=Ar/ A
Ap being the area, in m?, of the rudder blade

portion afore the centreline of rudder pintles
(see Fig 1).

2.6 Rudder stock

2.6.1 Rudder stock subject to torque

Rudder stock subject to torque are to have scantling such
that the torsional stress, in N/mm?2, does not exceed the fol-
lowing value:

Tr AL = 68/K,
The rudder stock diameter is to be not less than d, in mm,

calculated by the following formula:
dr=4,2-(Qg- K"

2.6.2 Rudder stock subject to combined torque and
bending

a) Rudder stock subject to combined torque and bending
are to have scantling such that their equivalent stress o,
in N/mm?, does not exceed the value determined by the
formula:

o = 118/K,

b) o, is given by the formula:

c, = A/G§+3~r$

where:
o :  Bending stress component, in N/mm?, given
by the formula:
10,2 -M
Op = d—%F -10°
Tr : Torsional stress component, in N/mm?
given by the following formula:
T = 5.1-Qe 103

¥

¢) The rudder stock diameter, in mm, is therefore to be not
less than the value dy;, in mm, calculated according to
the formula:

(3 )

where:
H : * For spade rudders (see Fig 2):
H=A,  (Hc+H,/2)
e For rudders with 2 bearings (with
solepiece) (see Fig 3):
H=A -a -u-HI

where: M : Bending moment, in N - m, which may be
r : Distance, in m, equal to: expressed as:
r=b- (o k) M =0,866 - (Cz/A) - H
for the ahead condition, r is to be taken not less Ay, Ay, He, Hy and H, are shown in Fig 2 and Fig 3.
than 0,1 -b The values of the coefficients a; and u are given in Tab 3
o : e For ahead condition: a = 0,33 as a function of the ratio ¢, where:
e For astern condition: a. = 0,66 c=H;/(Hc+H)
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Figure 2 : Spade rudder

Figure 3 : Rudder with solepiece
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In general, the diameter of a rudder stock subject to t"l';
torque and bending may be gradually tapered above the
upper stock bearing, so as to reach the value of d; in
way of the quadrant or tiller Table 3 : Coefficients a, and u
The Society may accept bending moments, shear forces
. . . c u a c u a
and support reaction forces determined by a direct calcu-
lation to be performed with reference to the static 1,00 0,2490 | 1,000 | 0,74 |0,2694 | 1,266
schemes and loading conditions set out in Fig 4 and Fig 5. 0,98 0,2370 | 1,000 0,72 10,2784 | 1,302
For the rudder in Fig 4, the load per unit length Py, in 0,96 0,2294 1 1,000 0,70 |0,2881 | 1,336
Lo . 0,94 0,2256 | 1,000 0,68 0,2984 | 1,370
kN/m, is given by:
0,92 0,2242 | 1,000 0,66 0,3094 | 1,403
P. = C m 0,90 0,2248 | 1,000 0,64 0,3212 | 1,435
T 0,88 |02270| 1,000 | 0,62 |0,3336 | 1,467
For the rudder in Fig 5, the maximum bending moment 0,86 0,2303 1 1,017 10,60 10,3468 | 1,499
Mg, in N - m, and support forces B; and B,, in N, may be 0,84 0,2348 | 1,064 0,58 10,3608 | 1,531
determined by the formulae: 0,82 0,2402 | 1,109 0,56 0,3757 | 1,563
0,80 0,2464 | 1,151 0,54 0,3915 | 1,596
- C.. 1o 2C, +Gy) 0,78 0,2534 | 1,191 | 0,52 | 0,4084 | 1,629
Mg Cre|la0+
3-(G+Cy) 0,76 0,2610 | 1,229 | 0,50 | 0,4264 | 1,662
By =My / U5
B, = Cy + B,
Figure 4 : Rudder with solepiece
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Figure 5 : Spade rudder
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2.7 Rudder plating

2.7.1 Double-plating rudders consist of a welded plating
box, stiffened by horizontal and vertical webs, which may
or may not incorporate the mainpiece.

2.7.2 The horizontal cross-section of the rudder plating is
to be such that stress components, in N/mm?, do not exceed
the following values:

e normal bending stress:
on=110/K,

* shear stress:
t1=50/K,

e equivalent stress:

6. = Jop+3-7 = 120

Ki

2.7.3 The thickness of each rudder plate panel is to be not
less than t;, in mm, calculated by the following formula:

. 4
tF:(S,S-s-B- ld+CRA10 +2,5)-JE

where:

d . Draught at summer load waterline, in m

1,1 —0,5-(5)2

which need not be greater than 1

B:

with:
b, : Major side of the plating panel, in m
s : Minor side of the plating panel, in m.

2.7.4 Vertical webs with spacing greater than twice that of
horizontal webs are not acceptable.

2.7.5 Web thickness is to be at least 70% of that required

web panel having the greatest thickness t: as calculated
with the above formula. In any case the thickness is not
required to be increased by more than 20% compared with
normal webs.

2.7.6 When the design of the rudder does not incorporate a
mainpiece, this is to be replaced by two vertical webs
closely spaced and in general not less than 1,5 times the
thickness of normal webs. In rudders with an area A smaller
than 5 m?, one vertical web may be accepted, provided its
thickness is in general at least twice that of normal webs. As
a rule, the increased thickness of such webs need not
exceed 30 mm, unless otherwise required in special cases
to be individually considered by the Society.

The thickness of the side plating between the two vertical
webs replacing the mainpiece, or in way of the single web,
is to be increased by at least 20%.

2.7.7 The welded connections of blade plating to vertical
and horizontal webs are to comply with the requirements of
Sec 2, [3].

Where internal access to the rudder is not practicable, con-
nections are to be made by slots on a supporting flat welded
to the webs, to be cut on one side of the rudder only, in
accordance with Sec 2, [3].

2.7.8 Rudder nose plates are to have a thickness not less
than 1,25 t.. In general this thickness need not exceed
22 mm, unless otherwise required in special cases to be
individually considered by the Society.

2.8 Rudder pintles

2.8.1 Rudder pintles are to have a diameter not less than
the value d,, in mm, calculated by the formula:

dy=0,35 - (Fs - Ky)'?

for rudder plating, and in no case is it to be less than 8 mm, where:

except for the upper and lower webs. The thickness of any Fa . Force, in N, acting on the pintle, calculated as
of these webs is to be uniform and not less than that of the specified in [2.8.7].
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2

.8.2 Provision is to be made for a suitable locking device

to prevent the accidental loosening of pintles.

2

.8.3 The pintle housings are in general to be tapered with

the taper ranging:

from 1:12 to 1: 8 for pintles with non-hydraulic assem-
bly and disassembly arrangements

from 1:20 to 1: 12 for pintles with hydraulic assembly
and disassembly arrangements.

The housing height is to be not less than the pintle diameter

d

2
8

p

A
.8.4 The maximum value of the pressure acting on the
udgeons, in N/mm?, is to calculated by the formula:
Fd,-hy

is not to exceed the values given in Tab 4, where h, is the
length of contact between pintle and housing, taken to be

n

ot greater than 1,2 d,.

Values in excess of those given In Tab 4 may be accepted by
the Society on the basis of specific tests.

Table 4 : Values of pressure

Bearing material g. (N/mm?)
Lignum vitae 2,5
White metal, oil lubricated 4,5
Synthetic material with hardness 55
between 60 and 70 Shore D (1)
Steel, bronze and hot-pressed 7,0
bronze-graphite materials (2)

(1) Indentation hardness test at 23°C and with 50% mois-
ture to be performed according to a recognised stan-
dard. Type of synthetic bearing materials to be
approved by the Society.

(2) Stainless and wear-resistant steel in combination with
stock liner approved by the Society.

2.8.5 The thickness of the pintle housing in the gudgeon is
to be not less than 0,25 d,.

2.8.6 The manufacturing tolerances, in mm, on the diame-
ter of metal supports are to be less than:

d

A/ 1000 + 1,0

In the case of non-metal supports, tolerances are to be eval-

u

ated carefully on the basis of the thermal and distortion

properties of the materials employed; the tolerance on the
support diameter is in no case to be less than 1,5 mm.

2.8.7 FAis to be calculated from the following formula:

C
Fa = XR Ag
where:
Ag . Part of the rudder blade area A, in m?, supported
by the pintle. Ag is to be not lower than:
_ HC + 0’ 5- H1
Ag = A THo R,

44

Cr . Force, in N, acting on the rudder blade, deter-
mined as specified in [2.5].

Where direct calculation is used to obtain the rudder stock
stress components, the value F, is to be derived from the
same calculation.

2.9 Rudder couplings

2.9.1 Horizontal flange couplings

a) Horizontal flange couplings are to be connected by a
number nj of fitted bolts not fewer than 6, and the diam-
eter of which, in mm, is not less than d; given by the for-
mula:

Kig [_d?

Kia Ang-ey

d; = 0,62 -

b) The thickness of the coupling flange is to be not less
than the value t,, in mm, calculated by the following
formula:

t, = dg- IE—$

In any case t, > 0,9 dg, with dg calculated for a number
of bolts not exceeding 8

where:

d, : Rule diameter d; or dy, in mm, of the rud-
der stock, in compliance with the require-
ments in [2.6]

eu : Mean distance, in mm, of the bolt axes from
the longitudinal axis through the coupling
centre

Kig, Kia Kip:  Coefficients depending on the high-
strength steel used for bolts, rudder stock
and coupling flange, respectively, whose
values are defined in [2.3.4].

c) The distance from the bolt axes to the external edge of
the coupling flange is generally to be not less than 1,2 dj

d) A suitable locking device is to be provided to prevent
accidental loosening of nuts

e) Non-fitted bolts may be used provided that, in way of
the mating plane of the coupling flanges, a key is fitted
with a section of 0,25 d; by 0,10 d; and keyways in both
the coupling flanges, and provided that at least two of
the coupling bolts are fitted bolts.

2.9.2 \Vertical flange couplings

a) Vertical flange couplings are to be connected by a num-
ber ng of fitted bolts not fewer than 8, and the diameter
of which, in mm, is not less than d; given by the for-
mula:

ds = 0,81 -d, - |
ng - Kis

d,, K and K;, being defined in [2.9.1], b).
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b) The first moment of area of the sectional area of bolts
about the vertical axis through the centre of the cou-
pling is to be not less than the value M,, in cm?,
obtained by the formula:

M, =0,43 d,* 10

c) The thickness of the coupling flange is generally to be
not less than dy

d) The distance of the bolt axes from the external edge of
the coupling flange is generally to be not less than 1,2 dj

e) A suitable locking device is to be provided to prevent
the accidental loosening of nuts.

2.9.3 Cone couplings

Cone couplings of the shape shown in Fig 6 are to be
secured by a slugging/hydraulic nut, as the case may be,
provided with an efficient locking device, and with the
dimensions defined in the present requirements.

Figure 6 : Cone coupling geometry
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The dimensions of the locking nut are given for guidance
only, the determination of adequate scantlings being left to
the responsibility of the designer.

a) Dimensions of cone couplings with hydraulic arrange-
ments for assembling and disassembling the coupling:

Taper: 1/20 < (d;-dy) / ts < 1/12

tg>1,5d,

d. 20,65 d

ty > 0,60 dg

dy=1,2 dyand, in any case, dy>1,2 dg

A washer is to be fitted between the nut and the rudder
gudgeon not less than 0,13 dg in thickness, and with an

outer diameter not less than 1,3 d, or 1,6 d;, whichever
is greater.

When no key is provided in cone couplings, the
designer is to provide the Society with shrinkage calcu-

lations supplying all data necessary for the appropriate
check.

b) Dimension of cone couplings without hydraulic arrange-
ments for assembling and disassembling the coupling:

Taper: 1/12 <(d;-dy) / ts < 1/8
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ts>1,5d,

de 20,65 d,

ty = 0,60 dq

dy=1,2 dyand, in any case, dy>1,2 dg.

A key is to be fitted with a cross-section 0,025 - d* and

keyways in both the tapered part and the rudder gudgeon.
c) Instructions:

All necessary instructions for hydraulic assembly and
disassembly of the nut, including indications of the val-
ues of all relevant parameters, are to be available on
board.

2.10 Single plate rudders

2.10.1 The mainpiece diameter is to be not less than the
rudder stock diameter. For spade rudders, the lower third
may taper down to 0,75 times the stock diameter.

2.10.2 The blade thickness t;, in mm, is to be not less than:
tg=(1,5-5-Vua +2,5) - K1
where:

s : Spacing of stiffening arms, in m, in no case to
be more than 1 m.

2.10.3 The thickness of the arms is to be not less than the
blade thickness; the section modulus, in cm?, of the cross-
section is to be not less than:

Z,=05-5-C2- Vo2 K,
where:

C, . Horizontal distance, in m, from the aft edge of
the rudder to the cross-section.

3 Equipment

3.1 Documents to be submitted

3.1.1 A detailed drawing, showing all the elements neces-
sary 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.

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

3.2 General

3.2.1 It is assumed in this Sub article that crew boats will
only need an anchor for emergency purposes.

3.2.2 All anchoring equipment, towing bitts, mooring bol-
lards, 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.

3.2.3 Only anchoring equipment is considered for the pur-
pose 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.
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3.3 Anchoring

3.3.1 Crew boats shall be provided with at least one anchor
with its associated cable or cable and warp and means of
recovery. Every crew boat shall be provided with adequate
and safe means for releasing the anchor and its cable and
warp.

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

3.3.3 Adequate arrangements shall be provided for two-
way voice communication between the operating compart-
ment and persons engaged in dropping, weighing or releas-
ing the anchor.

3.3.4 The anchoring arrangements shall 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 shall be provided to secure the anchor under
all operational conditions.

3.3.5 The crew boat shall be protected so as to minimize
the possibility of the anchor and cable damaging the struc-
ture during normal operation.

3.4 Towing

3.4.1 Adequate arrangements shall be provided to enable
the crew boat to be towed in the worst intended conditions.
Where towage is to be from more than one point, a suitable

bridle shall be provided.

3.4.2 The towing arrangements shall be such that any sur-
face against which the towing cable may chafe (for exam-
ple, fairleads) is of sufficient radius to prevent the cable
being damaged when under load.

3.4.3 The maximum permissible speed at which the crew
boat may be towed shall be specified by the Designer.

3.5 Berthing

3.5.1 Where necessary, suitable fairleads, bitts and moor-
ing ropes shall be provided.

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

3.6 Equipment

3.6.1 General

a) the anchoring equipment required in [3.6.2] is intended
for temporary occasional mooring of a crew boat within
a harbour or sheltered area when the crew boat is await-
ing berth, tide, etc
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b) the equipment is therefore not designed to hold a crew
boat off fully exposed coasts in rough weather or to stop
a crew boat which is moving or drifting. In this condi-
tion 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, particu-
larly in large crew boats

c) for crew boats 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 boats with an Equipment Number EN greater
than 600, two anchors and two relevant chain cables
are required. For such ships engaged in a regular ser-
vice, 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 [3.6.2] 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 signifi-
cantly reduced

f) the Equipment Numeral (EN) formula for anchoring
equipment, as stipulated in [3.6.2], 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 boat 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.

3.6.2 Equipment number
a) General
e each crew boat is to be provided with anchors and
relevant stud link chain cables according to its

equipment number EN, as stipulated in Tab 5 and
[3.6.1]

¢ 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 5.
b) Calculation of equipment number

The equipment number EN is to be calculated as fol-
lows:

EN = A2/3+2-[a-B+Z(bi-hi-sin@i)}+0,1 A

where:

A : Area, in m?, 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
2, [2.4] and with a breadth greater than B/4

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

A : Maximum displacement, in t
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i : Height, in m, on the centreline of each tier
of deck houses having an actual breadth
bigreater than B/4, where B is the breadth, in
m, as defined in Sec 2, [2.4]

0, : Angle of inclination aft of each front bulk-

head, as shown on Fig 7.

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.

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 7 is to be
considered.

3.6.3 Anchors
The anchors are to be of an approved type and satisfy the test-
ing conditions laid down in NR216 Materials and Welding.

a) Mass of anchors

e Tab 5 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

e the actual mass of each anchor may vary within
(+7, =3) per cent of the value shown in Tab 5

e the mass of a VHHP anchor is to be not less than 2/3
of the mass required for the HHP anchor it replaces

e normally HHP or VHHP anchors are to be used.
Possible use of ordinary anchors will be specially
considered by the Society.

b) Anchor design

e Anchors are to have appropriate shape and scant-
lings in compliance with Society requirements and
are to be constructed in compliance with Society
requirements

Figure 7 :
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* A high or very high holding power anchor is to be
suitable for use on board without any prior adjust-
ment or special placement on the ground

e For approval and/or acceptance as a high or very
high holding power anchor, the anchor is to have a
holding power equal, respectively, to at least twice
or four times that of an ordinary stockless anchor of
the same mass

e Comparative tests on ordinary stockless anchors are
to be carried out at sea and are to provide satisfac-
tory results on various types of seabeds.

Alternatively sea trials by comparison with a previ-
ously approved HHP anchor may be accepted as a
basis for approval.

Such tests are to be carried out on anchors whose
masses are, as far as possible, representative of the
full range of sizes proposed for the approval.

At least two anchors of different sizes are to be
tested. The mass of the greatest anchor to be
approved is not to be in excess of 10 times that of
the maximum size tested and the mass of the small-
est is to be not less than 0,1 times that of the mini-
mum size tested.

Tests are normally to be carried out by means of a
tug, but, alternatively, shore-based tests may be
accepted.

The length of the chain cable connected to the
tested anchor, having a diameter appropriate to its
mass, is to be such that the pull acting on the shank
remains practically horizontal. For this purpose a
scope of chain cable equal to 10 is deemed normal;
however lower values may be accepted.

Three tests are to be carried out for each anchor and
type of ground.

The pull is to be measured by means of a dynamom-
eter; measurements based on the bollard pull against
propeller's revolutions per minute curve may be
accepted instead of dynamometer readings.

Anchor stability and its ease of dragging are to be
noted down, whenever possible.

e Upon satisfactory outcome of the above tests, the
Society will issue a certificate declaring the compli-
ance of high or very high holding power anchors
with its relevant Rules.
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Table 5 : Equipment

Equipment Number EN HHP bow anchor Stud link chain cable for bow anchor
A<EN<B Mass of Number Total | N Diameter (1)
A B each anchor of Ota(me)ngt grade Q2 steel grade Q3 steel
(kg) anchors (mm) (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
(1) Values of chain cable diameters shown in brackets are given only to allow determination of the corresponding studless chain cable.

3.6.4

Chain cables

a) 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 Materi-

als and Welding

b) Normally grade Q2 or grade Q3 stud link chain cables
are to be used with HHP and VHHP anchors

c) Proposal for use of grade Q1 chain cables connected to
ordinary anchors will be specially considered by the

Society
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that:

steel grade of the studless
to the steel grade of the stu

- Class M (4) [grade 400]

grade Q2

- Class P (5) [grade 5001,

grade Q3.

d) For crew boat with an Equipment Number EN <205,
studless short link chain cables may be used, provided

chain is to be equivalent

d chains it replaces:

, i.e. grade SL2 as defined
in NR216 “Materials and Welding”, in lieu of

i.e. grade SL3 as defined
in NR216 “Materials and Welding”, in lieu of
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e equivalence in strength is to be based on proof load

e the studless chain cable meets the requirements of
the Society.

e) 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 5:

e grade Q2:
PL,=9,807 - d?- (44 — 0,08 - d) - 10
BL,=2 - PL,

e grade Q3:
PL;=13,73 -d>-(44-0,08 -d)- 107
BL, =2 - PL,

f) 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 com-
pleted chain cables themselves are to be tested in accor-
dance with the appropriate requirements

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

3.6.5 Steel wire ropes for anchors

a) Steel wire ropes may be used as an alternative to stud
link chain cables required in Tab 5 when EN < 500, pro-
vided that the following requirements are complied with

b) The length L,,, in m, of the steel wire rope is to be not

less than:
e when EN <130:
str = I—ch

e when 130 < EN < 500:
Lgw = Len - (EN + 850) / 900

where L, is the length of stud link chain cable required
by Tab 5

c) 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

d) The breaking load, in kN, of the chain cable diameters
may be derived from the following formulae:
e for grade Q2 chain cables:
BL=13,73-d?-(44-0,08 -d)- 107
e for grade Q3 chain cables:
BL=19,61 -d?-(44-0,08-d)-107

where d is, in mm, the chain cable diameter taken from
Tab 5 corresponding respectively to grade Q2 and grade
Q3 chain cables

e) A short length of chain cable having scantlings comply-
ing with [3.6.4] 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.
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3.6.6 Synthetic fibre ropes for anchors

a) Synthetic fibre ropes may be used as an alternative to
stud link chain cables required in Tab 5 when EN <130,
provided that the following requirements are complied
with

b) Fibre ropes are to be made of polyamide or other equiv-
alent 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 = Len
e when 60 < EN < 130:
Lg = Ly - (EN +170)/200

where L, is the length of stud link chain cable required
by Tab 5

d) The effective breaking load P,, in kN, of the synthetic
fibre rope is to be not less than the following value:

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 [3.6.5], d)

e) A short length of chain cable complying with [3.6.5], e)
is to be fitted between the synthetic fibre rope and the
bow anchor.

3.6.7 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.

3.6.8 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.

3.6.9 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 suit-
ably reinforced

¢) The windlass is to be able to supply, for at least 30 min-
utes, a continuous duty pull P, in N, corresponding to
the grade of the chain cables, given by the following for-
mulae:
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e for grade Q2 chain cables:

Po=42,5-d
e for grade Q3 chain cables:
P =475 d

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 neces-
sary 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 [3.6.9] 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 suffi-
cient 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 effi-
ciently 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.

3.6.10 Chain stopper

A chain stopper is normally to be fitted between the wind-
lass 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.
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3.6.11 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 bulk-
head, its boundary bulkheads are to be watertight and a
drainage system provided.

3.6.12 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 [3.6.9] e).

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

41 General

4.1.1 Two different situations are to be considered for the
purpose of Sec 2, depending on the main function of the
stabilisation system:

e Situation 1: The stabilisation system is associated with
the safe operation of the crew boat. In that case, the sys-
tem is covered by the present Rules

e 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.

4.2 Classification process

4.2.1 For Situation 1, the structural design assessment pro-
cess 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.
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4.2.2 For Situation 2, the structural design assessment pro-
cess 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

January 2018 Bureau Veritas
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only possible interferences between hydraulic installa-
tion 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.

51



U TE

* {'_F‘
™
@0

1318,
BUREAU
VERITAS

P,

Move Forward with Confidence

Marine & Offshore
92937 Paris La Defense Cedex - France
Tel: + 33 (0)1 55 24 70 00 - Fax: + 33 (0)1 55 24 70 25
Website: http//www.veristar.com
Email: veristarinfoldbureauveritas.com
© 2018 Bureau Veritas - All rights reserved



	NR490 - Rules for the Classification of Crew Boat - Ed.Jan.2018

	Marine & Offshore General Conditions 

	Table of content


	Sec 1 -
General
	1 General
	1.1 Application
	1.2 Navigation Notations
	1.3 Rules application

	2 Definitions
	2.1 Crew boats
	2.2 Operational conditions


	Sec 2
- Hull Scantlings
	1 Documents to be submitted
	1.1 General

	2 General
	2.1 Introductory comments
	2.2 Direct calculations
	2.3 Units
	2.4 Definitions and symbols
	2.5 Protection against corrosion
	2.6 Rounding-off

	3 Steel and aluminium alloys materials and connections
	3.1 General requirements
	3.2 Steel structures
	3.3 Aluminium alloy structures

	4 Composite materials
	4.1 Application
	4.2 Principle of design review
	4.3 Rules safety factors

	5 Construction and testing
	5.1 General

	6 Design acceleration
	6.1 Vertical acceleration at LCG
	6.2 Transverse acceleration
	6.3 Assessment of limit operating conditions

	7 Overall loads
	7.1 General
	7.2 Bending moment and shear force

	8 Local loads
	8.1 Introduction
	8.2 Loads
	8.3 Impact pressure on the hull bottom
	8.4 Impact pressure on bottom of wet-deck of catamaran (including tunnel radius)
	8.5 Sea pressures
	8.6 Sea pressures on front walls of the hull
	8.7 Sea pressures on deckhouses
	8.8 Deck loads
	8.9 Pressures on tank structures
	8.10 Pressures on subdivision bulkheads

	9 Direct calculations for primary structure
	9.1 General
	9.2 Loads
	9.3 Structural model
	9.4 Boundary conditions
	9.5 Checking criteria for primary structure

	10 Hull structure scantling
	10.1 General
	10.2 Definitions and symbols
	10.3 Global strength
	10.4 Fatigue
	10.5 Buckling strength of steel structural members
	10.6 Buckling strength of aluminium alloy structural members
	10.7 Buckling strength of composite structural members
	10.8 Plating scantling under local loads
	10.9 Scantling of ordinary stiffeners under local loads
	10.10 Scantling of primary supporting members under local loads
	10.11 Pillars
	10.12 Tank bulkheads
	10.13 Subdivision bulkheads


	Sec 3 -
Outfittings
	1 Hull appendages
	1.1 Propeller shaft brackets
	1.2 Waterjets

	2 Rudders
	2.1 General
	2.2 Definitions and symbols
	2.3 Materials
	2.4 Arrangement
	2.5 Determination of the force acting on the rudder blade and the torque acting on the rudder stock
	2.6 Rudder stock
	2.7 Rudder plating
	2.8 Rudder pintles
	2.9 Rudder couplings
	2.10 Single plate rudders

	3 Equipment
	3.1 Documents to be submitted
	3.2 General
	3.3 Anchoring
	3.4 Towing
	3.5 Berthing
	3.6 Equipment

	4 Stabilisation means
	4.1 General
	4.2 Classification process




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /FRA <>
  >>
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [594.992 841.890]
>> setpagedevice




