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          BUREAU VERITAS MARINE & OFFSHORE 

                        GENERAL CONDITIONS 

1. INDEPENDENCE 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 exclusively conducted by way of random 
inspections and do not, in any circumstances, 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 warranty. 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, designer, manufacturer, 
shipbuilder, repair or conversion yard, charterer or shipowner; none of the above listed being relieved from any of their 
expressed or implied obligations as a result of the interventions of the Society.  
1.4 Only the Society 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 applicable at the time of entering into the relevant contract for the performance of the 
Services.  
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 classification or statutory certificates, attestations and reports following the Society’s 
intervention.  
2.2 “Certification” means the activity of certification in application of national and international regulations or 
standards (“Applicable Referential”), in particular by delegation 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 classification 
Certificate with reference to the Rules. Classification (or Certification as defined in clause 2.2) is an appraisement 
given by the Society to the Client, at a certain date, following surveys by its surveyors on the level of compliance of the 
Unit to the Society’s Rules and/or to Applicable Referential for the Services provided. 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. 
2.4 “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 protocols for Services, and any other intellectual property rights, in each case whether capable of 
registration, 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 public electronic register of ships updated regularly by the Society. 
2.11 “Rules” means the Society’s classification rules (available online on veristar.com), guidance notes and other 
documents. The Society’s Rules take into account at the date of their preparation the state of currently available and 
proven technical minimum requirements but are not a standard or a code of construction neither a guide for 
maintenance, a safety handbook 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, maritime labour certification, training activities, all activities and duties incidental thereto such as 
documentation on any supporting means, software, instrumentation, measurements, tests and trials on board. The 
Services are carried out by the Society according to the Rules and/or the Applicable Referential and to the Bureau 
Veritas’ Code of Ethics. 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 Industry 
Practice. 
2.13 “Society” means the classification society ‘Bureau Veritas Marine & Offshore SAS’, a company organized 
and existing under the laws of France, registered in Nanterre under 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 Subject to the Services requested and always by reference to the Rules, and/or to the Applicable Referential, 
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 enter the Unit’s class in the Society’s Register; 
• survey the Unit periodically in service to note whether 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. 
3.2 The Society will not:  
• declare the acceptance or commissioning of a Unit, nor its construction 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 for surveys; 
and (iii) inform the Society in due time of any circumstances that may affect the given appraisement of the Unit or 
cause to modify the scope of the Services. 
4.2 Certificates 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. 
4.4 The Society may at times and at its sole discretion give an opinion on a design or any technical element that 
would ‘in principle’ be acceptable to the Society. This opinion shall not presume on the final issuance of any Certificate 
nor on its content in the event of the actual issuance of a Certificate. This opinion shall only be an appraisement made 
by the Society which shall not be held liable for it. 
 
5. ACCESS AND SAFETY 
5.1 The Client shall give to the Society all access and information necessary for the efficient performance of the 
requested Services. The Client 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, drawing, 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, involves, 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, interest equal to twelve (12) months LIBOR 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 revoke 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 accompany payment so that action can be taken to resolve the dispute. 
 
7. LIABILITY 
7.1 The Society bears no liability for consequential loss. For the purpose 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 defend, release, save, indemnify, defend and hold harmless the Society from the Client’s own 
consequential loss regardless of cause. 
7.2 Except in case of wilful misconduct of the Society, death or bodily injury caused by the Society’s negligence 
and any other liability that could not be, by law, limited, the Society’s maximum liability towards the Client is limited to 
one hundred and fifty per-cent (150%) of the price paid by the Client to the Society for the Services having caused the 
damage. This limit applies to any liability of whatsoever nature and howsoever arising, including fault by the Society, 
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 completion of 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 shall defend, release, save, indemnify and hold harmless the Society 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 (including for damages arising out of or in connection with opinions delivered 
according to clause 4.4 above) except for those claims caused solely and completely by the gross negligence of the 
Society, its officers, employees, 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 The Services shall be automatically and immediately terminated in the event the Client can no longer 
establish any form of interest in the Unit (e.g. sale, scrapping). 
9.3 The Classification granted to the concerned Unit and the previously issued Certificates shall remain valid 
until the date of effect of the termination notice issued, or immediately in the event of termination under clause 9.2, 
subject to compliance with clause 4.1 and 6 above. 
9.4 In the event where, in the reasonable opinion of the Society, the Client is in breach, or is suspected to be in 
breach of clause 16 of the Conditions, the Society shall have the right to terminate the Services (and the relevant 
contracts associated) with immediate effect.  
 
10. FORCE MAJEURE 
10.1 Neither Party shall be responsible or liable 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 circumstance 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, embargoes, nuclear, chemical or biological contaminations, laws or 
action taken by a government or public authority, quotas or prohibition, expropriations, 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, will be treated as confidential except where the information: 
• is properly and lawfully in the possession of the Society; 
• is already in possession of the public or has entered the public domain, other than through a breach of this 
obligation; 
• is acquired or received independently from a third party that has the right to disseminate such information; 
• is required to be disclosed under applicable law or by a governmental 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 Parties shall use the confidential information exclusively within the framework of their activity underlying 
these Conditions.  
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 confidential information to a 
subsidiary.  
11.4 Without prejudice to sub-clause 11.1, the Society shall have the right to disclose the confidential information 
if required to do so under regulations of the International Association 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 by the Society for the performance of the Services including, but not 
limited to drawings, calculations, and reports shall remain the exclusive property of the Society. 
 
13. ASSIGNMENT 
13.1 The contract resulting from to these Conditions cannot be assigned or transferred by any means by a Party 
to any 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 These Conditions shall be construed in accordance with and governed by the laws of England and Wales. 
15.2 Any dispute shall be finally settled under the Rules of Arbitration of the Maritime Arbitration Chamber of Paris 
(“CAMP”), which rules are deemed to be incorporated by reference into this clause. The number of arbitrators shall be 
three (3). The place of arbitration shall be Paris (France). The Parties agree to keep the arbitration proceedings 
confidential. 
15.3 Notwithstanding clause 15.2, disputes relating to the payment of the Society’s invoices may be submitted by 
the Society to the Tribunal de Commerce de Nanterre, France, or to any other competent local Court, at the Society’s 
entire discretion. 
 
16. PROFESSIONAL ETHICS 
16.1 Each Party shall conduct all activities in compliance with all laws, statutes, rules, economic and trade 
sanctions (including but not limited to US sanctions and EU sanctions) and regulations applicable to such Party 
including but not limited to: child labour, forced labour, collective bargaining, discrimination, abuse, working hours and 
minimum wages, anti-bribery, anti-corruption, copyright and trademark protection, personal data protection  
(https://personaldataprotection.bureauveritas.com/privacypolicy).  
Each of the Parties warrants that neither it, nor its affiliates, has made or will make, with respect to the matters 
provided for hereunder, 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 Bureau Veritas’ Code of Ethics and, when applicable, 
Business Partner Code of Conduct both available at https://group.bureauveritas.com/group/corporate-social-
responsibility/operational-excellence. 
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NR 561, Sec 1
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SECTION 1 GENERAL REQUIREMENTS

1 General

1.1 Application

1.1.1  General scope of application

The requirements of this Rule Note are applicable to ships
having their hull and superstructure totally made of alumin-
ium alloy. 

The purpose of this Rule Note is to define the general
requirements for hull scantling and arrangements, with
respect to:

• material

• hull structure and welding calculation approach

• classification and /or certification process.

1.1.2  Other applicable Rules

The requirements of this Rule Note apply in addition to the
following Society Rules for the classification and/or certifi-
cation of ships, in particular the requirements concerning:

a) Classification:

NR467, Part A: Rules for the Classification of Steel
Ships, Classification and Surveys.

b) Loading cases, permissible stresses and/or safety coeffi-
cients, as applicable:

• NR600, Hull Structure and Arrangement for the
Classification of Cargo Ships less than 65 m and
Non Cargo Ships less than 90 m

• NR500, Rules for the Classification and the Certifi-
cation of Yachts

• NR217, Rules for the Inland Navigation Vessels.

c) Subdivision, compartment and access arrangements and
arrangement of hull openings, as applicable:

• NR600, Hull Structure and Arrangement for the
Classification of Cargo Ships less than 65 m and
Non Cargo Ships less than 90 m, or

• NR566, Hull arrangement, Stability and Systems for
ships less than 500 GT

• NR500, Rules for the Classification and the Certifi-
cation of Yachts

• NR217, Rules for the Inland Navigation Vessels.
Other Rule Notes may be considered by the Society on a
case by case basis in accordance with the service notations
and additional service features considered for the classifica-
tion (see NR467, Part A). 

1.1.3  Structural scopes not covered by Rules
The following structural aspects are not covered by the pres-
ent Rules: 
• structure deflection under loads
• structural response to vibrations induced by engines,

propeller blades or water jet.

The scantling of superstructures built in aluminium alloy
and fitted on board a steel ship are to be checked according
to NR467, Rules for Steel Ships.

1.2 Exceptions

1.2.1  Ships with unusual design, speed or service, or
intended to carry special cargoes not provided by the Rules,
are examined on a case-by-case basis.

1.3 Drawings and documents to be submitted

1.3.1  As a rule, the drawings and documents to be submit-
ted for hull structure review are listed in the Society Rules
for the classification and/or certification of ships (see
[1.1.2]).
Weld and welding booklets as requested in Sec 3, [1.2] are
also to be submitted for review.

1.3.2  Builder’s quality systems checking the general pro-
duction fabrication and process are to be submitted for
review (see Sec 9).

1.4 Working process and inspection at works

1.4.1  Inspections needed by the Society during ship hull
construction within the scope of the classification and/or
certification of ships built in unit production or in mass pro-
duction are defined in Sec 9.



NR 561, Sec 2
SECTION 2 MATERIALS

Symbols

E : Young’s modulus of aluminium, equal to
70000 N/mm2

ν : Poisson ratio of aluminium, equal to 0,33

Rm : Tensile strength, in N/mm2, of the parent metal in
delivery condition, as specified

Rp0,2 : Proof stress (yield strength), in N/mm2, of the
parent metal in delivery condition, as specified

R’
m : Tensile strength, in N/mm2, of the parent metal

in as-welded condition, as defined in [2.1.3] or
[2.1.4]

R’
p0,2 : Proof stress (yield strength), in N/mm2, of the

parent metal in as-welded condition, as defined
in Article [2].

1 General

1.1 Application

1.1.1  As a rule, the aluminium alloys used for the construc-
tion of aluminium ships are as follows:

• for rolled or extruded products:

- series 5000: aluminium-magnesium alloy

- series 6000: aluminium-magnesium-silicon alloy.

• for cast products:

- aluminium-magnesium alloy

- aluminium-silicon alloy

- aluminium-magnesium-silicon alloy.

In the early stages of the project, the shipyard is to submit to
the Society the characteristics of the materials they intend to
use for the construction of the hull and of the structures. In
particular, the temper of parent metal is to be indicated. 

1.1.2  Manufacture, inspection and certification
The general requirements relevant to the manufacture,
inspection and certification of aluminium alloy products
entering in the hull construction are given in NR216 Rules
on Materials and Welding for the Classification of Marine
Units.

1.1.3  Aluminium alloy characteristics 
The characteristics of aluminium alloy to be used in the
construction are to comply with the applicable require-
ments of NR216 Materials and Welding, Chapter 3,
Section 2.

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

1.1.4  In the case of structures subjected to low service tem-
peratures or intended for other specific applications, the
alloys to be employed are to be agreed by the Society.

2 Aluminium structure

2.1 Influence of welding on mechanical 
characteristics

2.1.1  Welding heat input lowers locally the mechanical
characteristics Rp0,2 and Rm of aluminium alloys hardened
by work hardening (series 5000 other than condition O) or
by heat treatment (series 6000).

2.1.2  Consequently, where necessary, a drop in the
mechanical characteristics of welded structures, with
respect to those of the parent material, is to be considered
for the structure calculation.

As a general rule, the heat affected zone (HAZ) is to be
taken extending over 25 mm on each side of the weld axis.

2.1.3  Aluminium alloys of series 5000 (rolled and 
extruded)

Aluminium alloys of series 5000 in O condition (annealed)
are not subject to a drop in mechanical strength in the
welded areas.

Aluminium alloys of series 5000 other than condition O are
subject to a drop in mechanical strength in the welded
areas. The mechanical characteristics to be considered are
normally those of condition O.

Note 1: Higher mechanical characteristics may be taken into
account, provided they are duly justified.

2.1.4  Aluminium alloys of series 6000
Aluminium alloys of series 6000 are subject to a drop in
mechanical strength in the vicinity of the welded areas.

The mechanical characteristics to be considered in this
HAZ are normally indicated by the supplier.

When no information is provided by the supplier, the values
given in Tab 1 may be used.

Note 1: Higher mechanical characteristics may be taken into
account, provided they are duly justified.

2.1.5  Hardened aluminium alloys

For welded constructions in hardened aluminium alloys
(series 5000 other than condition O and series 6000),
higher characteristics than those in welded condition may
be considered, provided that welded connections are
located in areas where stress levels are acceptable for the
alloy considered in annealed or as-welded condition.
8 Bureau Veritas June 2021
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2.1.6  Young’s modulus and Poisson ratio
Unless otherwise specified, the Young’s modulus and the
Poisson ratio are to be taken, for aluminium alloy, respec-
tively equal to 70000 N/mm2 and 0,33. 

Table 1 : Aluminium alloys
as welded mechanical characteristics

2.2 Extruded plating

2.2.1  Extrusions with built-in plating and stiffeners, referred
to as extruded plating, may be used.
In general, the application is limited to decks, bulkheads,
superstructures and deckhouses. Other uses may be consid-
ered by the Society, on a case-by-case basis.

2.2.2  Extruded plating is preferably to be oriented so that
the stiffeners are parallel to the direction of main stresses.

2.2.3  The structure continuity of plates and stiffeners is to
be ensured in way of weld end extruded panels. The end
weld preparation and joints of extruded plating ends are to
be submitted for examination.
The crossing of extruded plating stiffeners with transverse
primary structure is to be submitted for examination, in par-
ticular the connection of the secondary stiffeners to the pri-
mary web transverse, and the connection of the primary
web transverse to the extruded plating. 

2.3 Minimum yield stress for scantling crite-
ria of hull structure

2.3.1  The minimum yield stress of aluminium Ry, in
N/mm2, used for the scantling criteria of the hull structure is
to be taken, unless otherwise specified, equal to: 

where:

R’
lim : Minimum yield stress of the aluminium alloys

considered, to be taken equal to the minimum
value, in welded condition, between R’

p0,2

(proof stress) and 0,7 R’
m (tensile strength).

2.4 Material factor k

2.4.1  To take into account the minimum yield stress of the
aluminium alloy in welded condition, the material factor k
used in the scantling formulae is to be taken equal to:

k = 100 / R’lim

2.4.2  In the case of welding of two different aluminium
alloys, the material factor k to be considered for the scant-
lings is the greater material factor of the aluminium alloys of
the assembly.

2.5 Aluminium properties

2.5.1  Mechanical properties of aluminium alloys are to
comply with the applicable requirements of NR216 Materi-
als and Welding.

For information only, these properties are reminded in App 1.

2.6 Tolerances on dimensions

2.6.1  The minimum requirements for the under thickness
tolerances for rolled products are given in NR216 Materials,
Ch 3, Sec 2, [2.7]. 

The tolerances for extruded products are to be in accord-
ance with the requirements of recognized standards (EN
755-9 or equivalent).

Aluminium alloy
Temper

condition
R’p0,2 R’m 

5000 series 0 Rp0,2 Rm

5000 series other
values of

0 condition

6005 A
(open sections)

T5 or T6 0,45  Rp0,2 0,6  Rm

6005 A
(closed sections)

T5 or T6 0,50  Rp0,2 0,6  Rm

6060 (sections)  (1) T5 0,43  Rp0,2 0,5  Rm

6061 (sections) T6 0,53  Rp0,2 0,6  Rm

6082 (sections) T6 0,45  Rp0,2 0,6  Rm

6106 (sections) T5 0,33  Rp0,2 0,54  Rm

(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.

Ry R′
lim=
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SECTION 3 JOINT DESIGN, WELD AND RIVETING SCANTLING

1 General

1.1 Application

1.1.1  The requirements of this Section apply to the scant-
ling and joint design of welded connections or riveting con-
nections in aluminium alloy hull structures.

Other equivalent standards may be accepted by the Society,
on a case-by-case basis.

Note 1: Welding processes and inspection are dealt with in Sec 9.

1.1.2  Welding of various types of aluminium alloys is to be
carried out by means of welding procedures approved for
the purpose (see Sec 9, [3.4]).

1.1.3  The requirements of this Section apply also to hetero-
geneous connection of aluminium alloy members with steel
members by riveting, bi-metallic transition joints or other
means.

1.1.4  Weld connections are to be executed according to:

• the approved hull construction plans, and

• the weld and welding booklets submitted to the Society.

Any details not specifically represented in the plans are, in
any case, to comply with the applicable requirements of the
Society.

1.1.5  The method used to prepare the parts to be welded is
left to the discretion of each shipbuilder, according to its
own technology and experience.

These methods are to be reviewed during the qualification
of welding procedure, as defined in [1.2.2].

1.2 Weld and welding booklets

1.2.1  Weld booklet

A weld booklet, including the weld scantling such as throat
thickness, pitch, design of joints, is to be submitted to the
Society for examination.

The weld booklet is not required if the structure drawings
submitted to the Society contain the necessary relevant data
defining the weld scantling. 

1.2.2  Welding booklet

A welding booklet including the welding procedures and
the criteria for the acceptance of weld imperfections is to be
submitted to the Surveyor for examination (see Sec 9).

2 Scantling of welds

2.1 Butt welds

2.1.1  As a rule, butt welding is to be used for plate and stiff-
ener butts and is mandatory for heavily stressed butts such
as those of the bottom, keel, side shell, sheerstrake and
strength deck plating, and bulkheads (in particular bulk-
heads located in areas where vibrations occur).

2.1.2  All structural butt joints are to be full penetration
welds completed by a backing run weld.

2.2 Butt welds on permanent backing

2.2.1  Butt weld on permanent backing may be accepted
where a backing run is not feasible.
In this case, the type of bevel and the gap between the
members to be assembled are to be such as to ensure a
proper penetration of the weld on its backing.

2.3 Fillet welds in a lap joint

2.3.1  Fillet weld in a lap joint may be used only for mem-
bers submitted to moderate stresses, taking into account the
throat thicknesses as defined in Fig 1 or Fig 2.

2.3.2  The width b, in mm, of overlapping is to be such that:
b ≥ 1,5 (t1 + t2) + 20.

Figure 1 : Fillet weld in lap joint

Figure 2 : Fillet weld in joggled lap joint
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NR 561, Sec 3
2.3.3  The ends are to be watertight, as far as practicable.

2.3.4  The weld closest to the shoulder may be intermittent
except in liquid compartments and exposed areas.

2.4 Slot welds 

2.4.1  Slot welding may be used where fillet welding is not
possible. The shape is shown in Fig 3 and Fig 4, depending
on the plate thickness.

Slot welds are to be, as far as practicable, parallel to the
direction of main stresses.

Figure 3 : Slot welding for t ≤ 12 mm

Figure 4 : Slot welding for t > 12 mm

2.4.2  Slot welding is not to be completely filled by the
weld, and the width of the opening is to be such as to allow
easy fillet weld along its perimeter.

2.4.3  The distance L between extremities of two consecu-
tive slot welds, as shown in Fig 5, is to be such that:

10 t ≤ L ≤ 200

where “t” is the plate thickness, in mm.

The maximum distance of L depends on the stresses of the
members.

Figure 5 : Distance between slot welds

2.5 Plug welding

2.5.1  Plug welding is to be used exceptionally, as a substi-
tute to slot welding.

Plug welding is to be completely filled by the welding.

2.6 Fillet weld

2.6.1  Double continuous fillet weld location
As a general rule, double continuous fillet weld is to be
required in the following locations, as appropriate:

a) watertight and oiltight connections

b) main engine and auxiliary machinery seatings

c) bottom structure of high speed ship in way of jet room
spaces

d) structure in way of bilge keel, stabiliser, bow thruster,
cranes, etc.

e) bottom structure in the vicinity of propeller blade

f) primary and secondary stiffeners in way of end supports
(crosstie, pillars, brackets) and knees on a length extend-
ing over the depth of the stiffener and at least equal to
50 mm for:
- web stiffener connection with the attached plating, 

- flange stiffener with web of built-up stiffeners
Note 1: Where direct calculation according to [2.6.5] or equivalent

are carried out, discontinuous fillet weld may be considered on
a case-by-case basis.

g) secondary stiffeners of deck plating subjected to wheel
loads.

Continuous fillet weld may also be adopted in lieu of intermit-
tent welding wherever deemed suitable, and is recommended
where the length p, defined according to [2.6.6], is low.

2.6.2  Intermittent fillet weld
Where intermittent fillet welds are provided in area sub-
jected to high dynamic loads of vibrations, staggered welds
may be accepted with overlap in compliance with Tab 2
case 2. 

2.6.3  Efficient length of fillet weld
The efficient length, in mm, of the lines of welding is given by:

de = d − 20

where:
d : Actual length, in mm, of the line of welding.

2.6.4  Throat thickness of double continuous fillet weld
a) General:

The minimum throat thickness tT of a double continuous
fillet weld, in mm, is to be obtained from the following
formula:
tT = wF t

where:
wF : Welding factor for the various hull structural

connections, defined in Tab 1
t : Actual thickness, in mm, of the thinner plate

of the assembly.

b) Particular cases:
The throat thickness tT may be increased when deemed
necessary in high stress level areas.
In case of automatic welding with deep penetration, or
in case of TIG welding, a reduction in the throat tT may
be accepted, subject to qualification of the welding pro-
cedure.
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c) Specific requirements:
- As a rule, the actual throat thickness is to be not less

than 4 mm. Lower value may be taken into account
provided that a direct calculation of the throat thick-
ness scantling is carried out and that welding proce-

dures and welders are specially qualified for
welding having throat thickness less than 4 mm.

- The maximum throat thickness is not to be greater
than1,5 t to limit the welding energy content and to
avoid the deterioration of the elements to weld.

Table 1 : Welding factor wF for the various hull structural connections

Hull area
Connection

wF  (1)
of to

General, 
unless otherwise

specified in the Table

watertight plates boundaries 0,35
non-tight plates boundaries 0,20
strength decks side shell 0,45

webs of ordinary stiffeners
plating 0,13
plating at ends (2) 0,20
web of primary stiffener see [2.7]

web of primary stiffeners

plating and flange 0,20
plating and flange at ends (2) 0,30 (3)
bottom and inner bottom (in way of transversal and/or 
longitudinal bulkhead supported on tank top)

0,45

deck (for cantilever deck beam) 0,45
web of primary stiffeners 0,35 (3)

Structures located abaft 
0,25 L from the fore end

ordinary stiffeners bottom and side shell plating 0,20
primary stiffeners bottom, inner bottom and side shell plating 0,25

Structures located in 
bottom slamming area 
or in the first third of 

underside of cross deck 
of catamaran

ordinary stiffeners bottom plating 0,20

primary stiffeners bottom plating 0,25

Machinery space 

girders
bottom and inner
bottom plating

in way of main engine
foundations

0,45

in way of seating of auxiliary 
machinery

0,35

elsewhere 0,25

floors
(except in way of main 
engine foundations)

bottom and inner
bottom plating

in way of seating of auxiliary 
machinery

0,35

elsewhere 0,25

floors in way of main 
engine foundations

bottom plating 0,35
foundation plates 0,45

floors centre girder
single bottom 0,45
double bottom 0,25

Superstructures
and deckhouses

external bulkheads deck 0,35
internal bulkheads deck 0,13
ordinary stiffeners

external and internal bulkhead plating
0,13

Pillars pillars deck
pillars in compression 0,35

pillars in tension
full penetration 

welding

Rudders

primary element directly 
connected to solid parts or 
rudder stock

solid part or rudder stock 0,45

other webs each other 0,20

webs plating
in general 0,20
top and bottom plates of rud-
der plating

0,35

(1) For connections where wF ≥ 0,35, continuous fillet welding is to be adopted. See also [2.6.1].
(2) See [2.6.1], item f) 
(3) Full penetration welding may be required, depending on the structural design and loads.
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2.6.5  Direct calculation of double continuous fillet 
weld

Where deemed necessary, the minimum throat thickness tT
of a double continuous fillet weld between stiffener web
and associated plating and/or flange, in mm, may be deter-
mined as follows:

where:

T : Shear force, in N, in the considered section of
the stiffener

I : Inertia, in mm4, of the stiffener

τ : Permissible shear stress, in N/mm2, as defined in
the Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2])

m : Value, in mm3, calculated as follows (see Fig 6):

• for weld between flange and web:

m = tf ⋅ bf ⋅ vf

• for weld between associated plate and web:

m = tp ⋅ bp ⋅ vp

Figure 6 : Direct calculation of 
double continuous fillet weld

2.6.6  Throat thickness of intermittent weld

The throat thickness tIT, in mm, of intermittent welds is to be
not less than:

where:

tT : Throat, in mm, of the double continuous fillet
weld, obtained as defined in [2.6.4] or [2.6.5]

p : Pitch, in mm, of the fillet welds positioned on
the same side, measured as indicated in Tab 2 

de : Efficient length, in mm, of the fillet welds, as
defined in [2.6.3]

t : Actual thickness, in mm, of the thinner plate of
the assembly.

Table 2 : Pitch on intermittent fillet weld

2.6.7  Fillet weld in way of cut-outs

In way of cut-outs for the passage of stiffeners, the throat
thickness tIT of the fillet welds located between cut-outs is to
be such that:

where:

de : Efficient length, defined in [2.6.3]

p : As shown in Fig 7

tT : Throat, in mm, of the double continuous fillet
weld, obtained as defined in [2.6.4] or [2.6.5]

Figure 7 : Fillet weld in way of cut-outs
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Type of intermittent fillet weld
Pitch

requirements

Case 1: Staggered welds

d ≥ 75 mm  
(1)

p ≤ 3 d

 Case 2: Staggered welds subjected to dynamic 
loads

d ≥ 75 mm
r ≥ 20 mm
p ≤ 3 d

 Case 3: Chain welds

d ≥ 75 mm
p − d ≤ 200mm

(1) To reduce deformations, it is recommended to choose
the values of d according to the thickness.
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2.7 Welding between secondary and 
primary stiffeners

2.7.1  Continuous secondary stiffeners
As a general rule, the total resistant weld section AW, in
cm2, connecting the continuous secondary stiffeners to the
web of primary members, is to be such that:

a) General case:

where:

AW : Total resistant weld section AW, in cm2, to be
determined taking into account the efficient
length of the welding de defined in [2.6.3]

ϕ : Coefficient to be taken equal to: 

• 200 when the weld is parallel to the
reaction exerted on primary members

• 160 when the weld is perpendicular to
the reaction exerted on primary mem-
bers

p : Design pressure, in kN/m2, acting on the
secondary stiffeners, as defined in the Soci-
ety Rules for the classification and/or certifi-
cation of ships (see Sec 1, [1.1.2])

s : Spacing of the secondary stiffeners, in m

 : Span of the secondary stiffeners, in m

k : Greater value of the material factors for the
secondary stiffeners, primary members and
welding consumable as defined in Sec 2,
[2.4].

b) Case of side shell impact:

where:

AW : Total resistant weld section AW, in cm2, to be
determined taking into account the efficient
length of the welding de defined in [2.6.3]

s : Spacing of secondary stiffeners, in m, with-
out being taken greater than 0,6 m

p : Pressure, in kN/m2, to be taken equal to:

P = Cp Pssmin 

Cp : Pressure coefficient equal to:

Cp = -0,98s2 + 0,3s + 0,95 ≥ 0,8

pssmin : Impact pressure, in kN/m2, acting on the
secondary stiffeners as defined in the Soci-
ety Rules for the classification and/or certifi-
cation of ships (see Sec 1, [1.1.2]).

ϕ, k : Coefficients defined in a).

c) Case of wheeled loads:

where:

AW : Total resistant weld section AW, in cm2, to be
determined taking into account the efficient
length of the welding de defined in [2.6.3]

pw : Maximum shear force reaction in way of the
connection with the primary stiffener, in kN,
induced by wheeled load applied on the
secondary stiffener 

ϕ, k : Coefficients defined in item a).
The actual total resistant weld section AW is to be calculated
taking into account the efficient length of the line of weld,
connecting the continuous secondary stiffener to the web of
primary member, as defined in [2.6.3].

2.8 Particular conditions applying to bilge 
keels

2.8.1  Connection of the bilge keel (as defined in Sec 7,
[5.5.1]) to the intermediate flat is to be made by continuous
welds, with a throat not less than, or equal to, the one of the
continuous welds connecting the intermediate flat to the
bilge strake.
Butt welds of the shell plating, intermediate flat and bilge
keel are to be suitably staggered.

To avoid shell plating being damaged, butt welds of the
intermediate flat are to be made on a backing.

Butt welds of the bilge keel are not to extend up to the inter-
mediate flat but are to stop on a scallop. The weld is to be
free from imperfections in way of the scallop and, where
necessary, the imperfections are to be ground.

3 Typical joint preparation

3.1 Butt weld

3.1.1  In case of assembly of two plates of different thick-
nesses, a taper x, having a minimum slope as shown on Fig 8
or Fig 9, is to be adopted where:
• t1 ≤ 10 mm  and  t2 − t1 ≥ 3 mm, or

• t1 > 10 mm  and  t2 − t1 ≥ 4 mm

Note 1: For connection of platings parallel to the direction of the
main stresses, a minimum taper length x, such that x > 3 b, may be
permitted.

Figure 8 : Tapering on one face

Figure 9 : Tapering on both faces
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3.2 Butt welding on backing

3.2.1  For butt welding on permanent or temporary backing,
the edge preparations and gap are to be defined by the ship-
yard, taking into account the type of backing plate. 

3.2.2  For extruded sections with an integrated melting bath
for backing, preparation before welding is defined during
the qualification of welding procedures.

3.3 Sections, bulb and flat bars

3.3.1  Stiffeners contributing to the longitudinal or transver-
sal strength, or elements in general subjected to high
stresses, are to be connected together by butt joints with full
penetration weld. Other solutions may be adopted if
deemed acceptable by the Society on a case-by-case basis.

The work is to be done in accordance with an approved
procedure, in particular for work done on board or in con-
ditions of difficult access to the welded connection, where
special measures may be required by the Society.

3.4 Fillet weld

3.4.1  Preparation
Where the thickness of the welded plate exceeds 8 mm, a
preparation with a single or double bevel butt with a root
face device of 3 mm minimum is to be provided.

4 Riveting

4.1 General

4.1.1  This Article defines the conditions of riveting of hulls
and structures made of aluminium alloy.

Riveting strength data sheets are to be submitted to the Soci-
ety. Additional sample tests of riveted joints representative
of the hull construction may be required, if deemed neces-
sary by the Society. As a general rule, the samples are tested
under tensile, compressive and shear forces (see also
NR216 Materials and welding).

4.2 Choice of rivets

4.2.1  For the riveting of series 5000 aluminium-magnesium
alloys, the grade of the rivet is to have magnesium content
not exceeding 3,5%.

4.3 Shape of aluminium-alloy rivets

4.3.1  Diameters of rivets (versus the thickness of the thinner
member to be riveted), diameters of hole perforations, man-
ufacturing tolerances and shape of the heads of rivets are
given in Tab 3 and Tab 4 (see also Fig 10 and Fig 11).

Slight departure from the above dimensions may be
accepted, to the satisfaction of the Surveyor.

4.3.2  For riveting of massive parts and accessories, the hole
diameter may be increased by 2 mm.

4.4 Execution of riveting

4.4.1  The rivet holes are to be spaced regularly with a very
low tolerance (0,1 to 0,2 mm). Holes are to be drilled.

4.4.2  The number of rows of rivets and the pitch between
rivets depend on the relative strength required for the joint.

The pitch is to be such that:

2,5 d ≤ pitch ≤ 6 d, where d is the rivet diameter.

For riveting with several rows, the row spacing is to be, as a
rule, equal to:

• the pitch for chain-riveting, and

• 0,75 time the pitch for staggered riveting.

4.4.3  Cold-riveting may be performed with well annealed
rivets up to 14 mm in diameter for grade 5052 rivets. For
larger diameters, hot-riveting is to be used (at
400oC ± 25oC). In some special cases, large diameter
AlSiMg rivets may be used directly after hardening.

The holding dolly is to be heavier than that used for a steel
rivet of the same diameter.

Table 3 : Rivets in aluminium alloy

Diameter of the rivets, in mm Reaming of rivet holes, in mm Thickness of plates 
and sections, in mm

Radius r,
in mmNominal value d Minimum value Maximum value Minimum value Maximum value

4 3,9 4,0 4,1 4,2 from 1,5 to 2,0 0,2
5 4,9 5,0 5,1 5,2 from 2,0 to 2,5 0,2
6 5,9 6,0 6,1 6,2 from 2,5 to 3,0 0,3
8 7,8 8,0 8,1 8,2 from 3,0 to 4,0 0,4
10 9,8 10,0 10,1 10,2 from 4,0 to 6,0 0,4
12 11,8 12,0 12,1 12,2 from 5,0 to 8,0 0,5

14 (1) 13,8 14,0 14,1 14,2 from 6,0 to 10,0 0,6
16 15,8 16,0 16,1 16,2 from 7,0 to 12,0 0,05 d
18 17,8 18,0 18,1 18,2 from 9,0 to 14,0 0,05 d
20 19,8 20,0 20,2 20,3 from 10,0 to 15,0 0,05 d
22 21,8 22,0 22,2 22,3 from 11,0 to 16,0 0,05 d
24 23,8 24,0 24,2 24,3 from 12,0 to 17,0 0,05 d

(1) Maximal diameter of rivet recommended for cold use.
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Table 4 : Value of r of riveted heads

Figure 10 : Manufactured heads

Figure 11 : Riveted heads

5 Heterogeneous assembly steel / 
aluminium alloy

5.1 General 

5.1.1  This Article defines the conditions for heterogeneous
assembly for hulls and structures made of aluminium alloys
and steel.

5.2 Riveting of members in aluminium alloy 
onto steel members

5.2.1  Correct insulation between steel and aluminium is to
be ensured by means of joints, washers and plastic or rub-
ber tubes, or any other equivalent solution.

5.2.2  As far as practicable, the rivet is to be of the same
composition as the aluminium alloy used for the structure.

5.2.3  Requirements of [4.3] apply. Diameters of rivets are
given in Tab 3 according to the thickness of the member in
aluminium alloy.

5.2.4  Requirements of [4.4] apply otherwise.

5.3 Jointing systems other than classical 
riveting

5.3.1  Any jointing system other than classical riveting (high
performance fixation, etc.) may be used with the Society's
agreement.

Diameter d, in mm 4 and 5 6 8 and 10 12 14 16 and over
Value of r, in mm 0,2 0,3 0,4 0,5 0,6 0,05 d
Note 1:  A manufactured head may be associated with different types of riveted heads.
Type C rivets of diameter 10 mm or more may have flat points.
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5.4 Transition joints by aluminium / steel 
cladded plates

5.4.1  The use of transition joints made of aluminium / steel
cladded plates or profiles may be considered with the Soci-
ety's agreement.

5.4.2  The requirements defined in NR216 Materials, Ch 3,
Sec 2, [4] are applicable.

6 Construction deformations

6.1 General

6.1.1  Shrinkage heats to reduce hull construction deforma-
tion are not advisable for 5000 series alloy with metallurgi-
cal temper other than O-H111 and for 6000 series alloy.
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SECTION 4 CALCULATION PRINCIPLES OF HULL STRUCTURE

Symbols

k : Material factor defined in Sec 2, [2.4]

hw : Height of the web, in mm. For bulb sections, the
height is to be measured without the bulb

tw : Thickness of the web, in mm

bf : Breath of the flange or the bulb, in mm

tf : Thickness of the flange or the bulb, in mm.

1 General

1.1 Application

1.1.1  Hull structural members are to be examined under
the effect of global hull girder loads (forces and moments
which result from effects of local loads acting on the ship as
a whole and considered as a beam), and the effect of local
loads (pressure and forces directly applied to the individual
structural members). 

1.1.2  The purpose of the present Section is to define the
calculation principles of hull structural members. 

The global hull girder scantling and the local hull scantling
are defined in Sec 5 and Sec 6, respectively.

1.1.3  Global hull girder and local strength

As a rule, the global hull girder strength and the local
strength are examined independently, as follows:

• the global scantling of the hull girder and of the plat-
form of multihull is examined on the basis of a maxi-
mum permissible stress at deck and bottom and a
buckling check of elements contributing to the global
hull girder strength

• the local scantling is examined on the basis of local per-
missible stresses defined in relation to the type of local
loads applied and the type of structure element.

A combination between the global hull girder stresses and
the local stresses analysis may be carried out when deemed
necessary by the Society (see applicable Society Rules
defined in Sec 1, [1.1.2]).

1.2 Definitions

1.2.1  Framing system

The requirements of the present Section are provided for
longitudinal and transverse framing systems, according to
the following definitions: 

• secondary supporting members: members straight sup-
porting plates

• primary supporting members: members supporting sec-
ondary members.

Note 1: Other types of framing systems are to be examined on a
case-by-case basis by the Society.

1.2.2  Platform of multihull

A platform of multihull is a strength structure connecting
the hulls by primary cross transverse structure elements.
These transverse elements may be cross beams or cross
bulkheads. 

The part of the platform directly exposed to sea effect is
designed as platform bottom.

The upper part of the platform and the upper decks are
defined as platform deck.

2 Calculation principles for plating

2.1 General

2.1.1  The scantling of plating is to be such as to satisfy the
required strength under the local loads and under the hull
girder loads as follow:

a) Scantling under local loads:

The scantlings under local loads are to be determined as
defined in Sec 6.

b) Scantling under global hull girder loads:

The scantlings under global hull girder loads are to be
defined such as to satisfy the rules criteria of:

• the actual overall bending stress check as defined in
Sec 5, and

• the buckling check as defined in App 2, [2]. 

2.2 Plate buckling analysis

2.2.1  General

The plate panels to be checked under buckling criteria are
mainly:

• Under compression due to global hull bending:

- bottom and/or deck plating

- side shell plating, in the upper area below strength
deck

- side shell plating, in the lower area above bottom

- superstructure contributing to the longitudinal or
transversal global strength.
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• Under compression on one side and/or under two sides
due to transverse global bending of catamaran induced
by torsion:
- platings of platform deck and platform bottom of

catamarans, in way of the primary cross transverse
structure elements of the platform.

• Under shear: 
- side shell plating 

- primary cross transverse structure elements of the
platform of catamarans. 

- superstructure contributing to the longitudinal or
transversal global strength.

Other hull areas may be checked under buckling on a case
by case basis when deemed necessary by the Society.

3 Calculation principles for secondary 
supporting members

3.1 General

3.1.1  The scantling of secondary supporting members (sec-
tion modulus and shear area) is to be such as to satisfy the
required strength under the local loads and, when the stiff-
ener is submitted to overall bending and/or to global
strength of catamaran, under the hull girder loads as follow:

a) Scantling under local loads:
The scantlings under local loads are to be determined as
defined in Sec 6, [3].

b) Scantling under global hull girder loads:
The scantling under hull global girder loads are to be
defined such as to satisfy the rules criteria of:
• the actual overall bending stress as defined in Sec 5,

and
• the buckling check as defined in App 2, [3.3]. 

3.1.2  Geometric properties and attached plating 
width

As a rule, the geometric properties of secondary supporting
members (inertia, section modulus and shear section) are to
be determined by direct approach.

The width bp, in m, of the attached plating to take into
account for the inertia and section modulus calculations are
to be taken equal to the spacing between stiffeners, or half
of the spacing between stiffeners when the plating extends
on one side only.

3.1.3  Recommended proportions of stiffeners
As a rule, the proportions of stiffeners are to be as defined in
App 2, [3.1]. 

3.2 Secondary stiffener buckling analysis

3.2.1  General
The secondary stiffeners to be checked under buckling cri-
teria are mainly:

• bottom and/or deck stiffeners
• side shell stiffener in the upper area below the strength

deck

• side shell stiffener in the lower area above bottom

• superstructure stiffener contributing to the longitudinal
or transversal global strength.

• platform of multihull

• bulkhead stiffener acting as pillar.

4 Calculation principles for primary 
supporting members

4.1 Scantling

4.1.1  The section modulus and the shear area of primary
supporting members are to be defined by the same
approach than for the secondary supporting members
defined in Article [3], taking into account the requirements
of the present Article.

4.1.2  Geometric properties and attached plating 
width

As a rule, the geometric properties of primary supporting
members (inertia, section modulus and shear section) are to
be determined by direct approach, taking into consideration
item a) and/or item b):

a) Web of primary member directly welded on the
attached plating:

The width bP, in m, of the attached plating to take into
account for the inertia and section modulus calculations
for primary supporting members analysed through beam
structural models is to be taken equal to:

• where the plating extends on both sides of the pri-
mary supporting member:

bP = min (s; 0,2)

• where the plating extends on one side of the primary
supporting member (i.e. primary supporting member
bounding an opening):

bP = min (0,5 s; 0,1)

where:

s : Spacing, in m, of primary supporting mem-
ber

 : Span, in m, of primary supporting member

b) Web of primary member not directly welded on the
attached plating (floating frame):

As a rule, the attached plating is normally to be disre-
garded for the calculation of the primary supporting
member geometric properties.

4.1.3  Recommended proportions of stiffeners

As a rule, the proportions of stiffeners are to be as defined in
App 2, [3.1].

4.2 Cut-outs and large openings

4.2.1  General

Cut-outs and large openings in primary supporting member
webs may be taken into account as defined in the present
[4.2], when deemed necessary.
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4.2.2  Cut-outs in web
The web shear area of primary supporting members is to
take into account the section reduction due to cut-outs pro-
vided for secondary stiffeners, if relevant.

Cut-outs for the passage of secondary stiffeners are to be as
small as possible and well rounded with smooth edges.

In general, the height of cut-outs is to be not greater than
50% of the height of the primary supporting member.

4.2.3  Location of cut-outs in web
As a general rule, where openings such as lightening holes
or duct routing for pipes, electrical cables, etc. are cut in
primary supporting members, they are to be equidistant
from the face plate and the attached plate. Their height is
not to be greater than 20% of the primary supporting mem-
ber web height.

The length of openings is to be not greater than:

• at the end of primary member span: 25% of the distance
between adjacent openings

• elsewhere: the distance between adjacent openings.

Openings may not be fitted in way of toes of end brackets.

4.2.4  Large openings
In case of large openings as shown in Fig 1, the secondary
stresses in primary supporting members are to be consid-
ered for the reinforcement of the openings, where deemed
necessary.

The secondary stresses may be calculated in accordance
with the following procedure.

Members (1) and (2) are subjected to the following forces,
moments and stresses:

where:

MA, MB : Bending moments, in kN.m, in sections A and B
of the primary supporting member

m1, m2 : Bending moments, in kN.m, in (1) and (2)

d : Distance, in m, between the neutral axes of (1)
and (2)

σF1, σF2 : Axial stresses, in N/mm2, in (1) and (2)

σm1, σm2 : Bending stresses, in N/mm2, in (1) and (2)

QT : Shear force, in kN, equal to QA or QB, which-
ever is greater

τ1, τ2 : Shear stresses, in N/mm2, in (1) and (2)

w1, w2 : Net section moduli, in cm3, of (1) and (2)

S1, S2 : Net sectional areas, in cm2, of (1) and (2)

Sw1, Sw2 : Net sectional areas, in cm2, of webs in (1) and
(2)

I1, I2 : Net moments of inertia, in cm4, of (1) and (2)
with attached plating

The combined stress σC calculated at the ends of members
(1) and (2) is to be obtained from the following formula:

The combined stress σC is to comply with the checking cri-
teria defined in the Society Rules for the classification
and/or certification of ships (see Sec 1, [1.1.2]). Where
these checking criteria are not complied with, the cut-out is
to be reinforced by:

• continuous face plate (see Fig 2), or

• straight face plate (see Fig 3), or

• compensation of the opening by increase of the web
thickness t1(see Fig 4).

Other arrangements may be accepted provided they are
supported by direct calculations submitted to the Society for
review.

Figure 1 : Large openings in
primary supporting members - Secondary stresses
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Figure 2 : Stiffening of large openings
in primary supporting members - Solution 1

Figure 3 : Stiffening of large openings
in primary supporting members - Solution 2

Figure 4 : Stiffening of large openings
in primary supporting members - Solution 3
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SECTION 5 GLOBAL STRENGTH ANALYSIS OF HULL
GIRDER AND CROSS DECK

Symbols

σA ,τA : Actual normal and shear stresses, in N/mm2, as
defined in the applicable Society Rules for the
classification and/or certification of ships (see
Sec 1, [1.1.2]) and calculated taking into
account: 

• the global hull bending moments and shear
forces, and 

• the strength characteristics of the hull trans-
verse section and the platform section of
catamaran.

1 General

1.1 Global strength approach

1.1.1  As a rule, the global hull girder strength is to be
examined regardless of local hull strength. 

a) General approach:

The global hull girder strength and the global strength of
catamaran are to be examined on the basis of:

- global hull girder loads, and 

- geometrical characteristics of the main structure ele-
ments

according to the methodology defined in the applicable
Society Rules (see Sec 1, [1.1.2]).

b) Finite element calculation approach:

The global strength analysis may also be examined with
a Finite Element Analysis submitted by the designer
according to the requirements defined in the applicable
Society Rules (see Sec 1, [1.1.2]).

1.2 Application

1.2.1  Global hull longitudinal girder strength

As a rule, for monohull ships and for floats of catamarans,
the global hull girder longitudinal strength is to be exam-
ined in the following cases:

• ships with length greater than 40 m, or

• ships having large openings in decks or significant
geometrical structure discontinuity at bottom or deck, or 

• ships with transverse framing systems, or

• ships with deck structure made of small plate thick-
nesses and large spacing of secondary stiffeners, or

• ships with important deadweight, or

• where deemed appropriate by the Society.

Note 1: For ships not covered by the above cases, the hull girder
strength is considered satisfied when local scantlings are in accord-
ance with requirements defined in Sec 6.

1.2.2  Global transverse strength of catamaran
As a rule, the global transverse strength of catamaran is to
be examined for all types of catamaran.

2 Global strength check

2.1 General

2.1.1  The global analysis check is to be successively car-
ried out taking into account the scantling criteria based on: 

• maximum stress check as defined in [2.2] 

• buckling check as defined in App 2.

The global analysis check is to be carried out in the follow-
ing areas of the hull:

• in head sea condition (for monohull and multihull):

Along the ship from 0,3L to 0,7L from the aft end

• in quartering sea (for multihull only):

Along the float from aft to fore end, and in way of each
primary transverse cross structure of the platform.

Note 1: As a rule, the distribution of hull girder loads from the aft
perpendicular to 0,3 L and from 0,7 L to the fore perpendicular are
overlooked and considered as equal to zero.

2.2 Stress check

2.2.1  General approach

a) Maximum stress check:

It is to be checked that the actual normal stresses σA and
the actual shear stresses τA, in N/mm2, are in compli-
ance with the following criteria: 

where:

σglam, τglam: Global bending and shear permissible
stresses, in N/mm2, as defined in the appli-
cable Society Rules for the classification
and/or certification of ships (see Sec 1,
[1.1.2]).

σA σglam≤

τA τglam≤
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b) Buckling stress check:

It is to be checked that the actual stresses are in compli-
ance with the buckling criteria and buckling safety fac-
tors defined in App 2. 

2.2.2  Stress check using Finite element calculation

The stresses and buckling analysis, and the scantling criteria
are to be checked as defined in the applicable Society Rules
(see Sec 1, [1.1.2]).
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SECTION 6 HULL LOCAL STRENGTH ANALYSIS

1 General

1.1 Local scantling

1.1.1  The present Section deals with the local scantling of
platings, secondary and primary stiffeners under local lat-
eral pressures.

1.1.2  The scantling of platings, secondary and primary stiff-
eners contributing to the overall longitudinal strength of the
hull girder and to the overall transverse strength of platform
of catamaran are also to be checked as defined in Sec 5.

1.2 Local loads

1.2.1  Local loads

The local lateral pressures to take into account for the scant-
ling are those defined in the Society Rules for the classifica-
tion and/or certification of ships (see Sec 1, [1.1.2]), i.e.:

a) Sea pressure

Still water loads (due to hydrostatic external sea pres-
sure in still water), and wave loads (due to wave pres-
sure and ship motions).

b) Dynamic sea pressures

The dynamic sea pressures are loads which have a dura-
tion shorter than the period of wave loads and are con-
stituted by:

• side shell impacts and, for multihull, platform bot-
tom impact: to be calculated for the plating and the
secondary stiffeners only

• bottom impact pressure on flat bottom forward area:
to be calculated for the structural elements of for-
ward bottom, where applicable 

• bottom slamming pressure: to be calculated for the
structural elements of the bottom of planing hull
where slamming may occur. 

Note 1: Side shell primary stiffeners and cross deck primary stiffen-
ers are, as a general rule, examined with sea pressures only,
without taking into account the side shell and cross deck
impacts.

c) Local internal pressure

Local internal pressures are loads induced by liquid car-
goes, dry cargoes, accommodations, testing loads and
flooding loads.

d) Wheel loads on deck, when applicable.

1.2.2  Local loads point location
Unless otherwise specified, the local loads are to be calcu-
lated at the following point location:

a) General case:
• for plate panels:

at the lower edge of the plate panels
• for longitudinal stiffeners:

at mid-span of the stiffeners
• for transverse stiffeners:

at the lower (pS lower) and upper (pS upper) points of the
stiffeners.

b) Dynamic loads:
• for plate panels:

at mid-edge of the plate panels
• for longitudinal and transverse stiffeners:

at mid-span of the stiffeners.

2 Plating scantling

2.1 General

2.1.1  Loading cases
Local scantlings of platings are to be checked under the fol-
lowing loads: 
• for bottom platings: wave loads and bottom slamming

pressures (when slamming may occur)
• for side shell and platform bottom platings: wave loads

and side shell impacts
• for deck platings: the greater value between wave loads

and minimum loads, and, when applicable, wheeled
loads

• for superstructure platings: the greater value between
wave loads and minimum loads.

• for all hull plating, when applicable: exceptional dam-
age loads and testing loads.

2.2 Plating scantling

2.2.1  Theoretical scantling approach
The plating scantling under lateral pressure is based on an
elastic scantling approach.

2.2.2  Plating scantling
The thickness, in mm, is obtained considering successively
the different loads sustained by the plate (defined in [2.1.1])
and the:
• scantling formulae, and
• relevant associated permissible stresses

defined in the Society Rules for the classification and/or cer-
tification of ships (see Sec 1, [1.1.2]).
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3 Secondary stiffener scantlings

3.1 General

3.1.1  Loading cases

Local scantlings of secondary stiffeners are to be checked
under the following loading cases: 

• for bottom secondary stiffeners: wave loads and bottom
slamming pressures (when slamming may occur)

• for side shell and platform bottom secondary stiffeners:
wave loads and side shell impacts

• for deck secondary stiffeners: the greater value between
wave loads and minimum loads, and, when applicable,
wheeled loads

• for superstructure secondary stiffeners: the greater value
between wave loads and minimum loads.

• for all hull secondary stiffeners, when applicable:
exceptional damage loads and testing loads.

3.1.2  End stiffener conditions

The connection of secondary stiffeners with surrounding
supporting structure is to be taken into account in the calcu-
lation of the rule stiffener section moduli. 

The following three hypotheses on end stiffener conditions
are taken into consideration in the scantling formulae, using
a coefficient m equal, successively, to:

• for fixed end condition: m = 12

The cross-section at the ends of the stiffener cannot
rotate under the effect of the lateral loads (as a rule, the
secondary stiffeners are considered with fixed ends).

• for simply supported end condition: m = 8

The cross-section at the ends of the stiffener can rotate
freely under the effect of the lateral loads.

• for intermediate conditions: m = 10

The cross-section at the ends of the stiffener is in an
intermediate condition between fixed end condition
and simply supported end condition.

3.2 Span of stiffener

3.2.1  The span  of the stiffeners considered in the scant-
ling formulae is to be measured as shown in Fig 1 to Fig 3.

Figure 1 : Stiffener without brackets

Figure 2 : Stiffener with a stiffener at one end

Figure 3 : Stiffener with a bracket and a stiffener
at one end

3.2.2  For open floors, when a direct beam calculation tak-
ing into account all the elements of the open floor is not
carried out, the span  of the upper and lower secondary
stiffeners connected by one or two strut(s) is to be taken
equal to 0,7 2 instead of 1 (see Fig 4).

Figure 4 : Span of stiffeners in case of open floors

3.3 Secondary stiffener scantling

3.3.1  The section modulus, in cm3 and the shear area, in
cm2, are obtained considering successively the different
loads sustained by the secondary stiffeners (defined in
[3.1.1]) and the:  

• scantling formulae, and

• relevant associated permissible stresses

defined in the Society Rules for the classification and/or cer-
tification of ships (see Sec 1, [1.1.2]).

3.3.2  Recommended proportions of stiffeners

As a rule, the proportions of stiffeners are to be as defined in
App 2, [3.1].
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4 Primary stiffener scantling

4.1 General

4.1.1  Loading cases
Scantlings of primary stiffeners are to be checked under the
following local loading cases:

• for bottom primary stiffeners: wave loads and bottom
slamming pressures (when slamming may occur)

• for side shell and platform bottom primary stiffeners:
wave loads 

• for deck primary stiffeners: the greater value between
wave loads and minimum loads, and, when applicable,
wheel loads

• for superstructure primary stiffeners: the greater value
between wave loads and minimum loads.

• for all hull primary stiffeners, when applicable: excep-
tional damage loads and testing loads.

4.2 Primary stiffener scantling

4.2.1  Scantling approach

a) General case: Isolated beam model

As a rule, the requirements for the scantling of the pri-
mary stiffener scantling are defined for isolated beam
model. 

b) 2D or 3D beam model:

When an isolated beam calculation of the primary
structure is not sufficient due to an interaction of the pri-
mary stiffeners, a two or three-dimensional structural
model analysis including the different primary stiffeners
is to be carried out as defined in the Society Rules for
the classification and/or certification of ships (see Sec 1,
[1.1.2]).

c) Finite element calculation:

The primary stiffener scantling strength under local
loads may also be examined with a Finite Elements
Analysis submitted by the designer according to the
requirements defined in the applicable Society Rules
(see Sec 1, [1.1.2]).

4.2.2  Primary stiffener scantling

a) General case: Isolated beam model

The section modulus, in cm3 and the shear area, in cm2,
are obtained considering successively the different loads
sustained by the primary stiffener (defined in [4.1.1])
and the: 

• structural isolated beam model, and

• relevant associated permissible stresses

defined in the Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2]).

b) 2D or 3D beam model:

It is to be checked that the actual combined stresses σVM

calculated according to Von Mises criteria are in com-
pliance with:

where:

σvmam : Rule permissible combined stress value
defined in the applicable Society Rules (see
Sec 1, [1.1.2]). 

c) Finite element calculation:

The maximum actual stresses and buckling stresses
together with specific permissible stresses and buckling
criteria are to be calculated according to the applicable
Society Rules (see Sec 1, [1.1.2]).

4.2.3  Recommended stiffener scantling

As a rule, the proportions of stiffeners are to be as defined in
App 2, [3.1].

4.2.4  Attached plating buckling

Depending on the compression stress level in the attached
plating induced by the bending of primary stiffener under
the local loads, it may be necessary to check the buckling of
the attached plating along the primary stiffener span. 

The buckling of the attached plating is to be checked
according to the criteria defined App 2.

4.3 Curved primary stiffeners

4.3.1  The curvature of primary supporting members may be
taken into account by direct analysis.

In case of 2-D or 3-D beam structural model, the curved
primary supporting members may be represented by a num-
ber N of straight beams, N being adequately selected to
minimize the spring effect in way of knuckles.

The stiffness of knuckle equivalent springs is considered as
minor from the point of view of the local bending moment
and the shear force distribution when the angle between
two successive beams is not more than 3°.

5 General arrangement of brackets for 
secondary and primary stiffeners

5.1 General requirements

5.1.1   As a general rule, brackets are to be provided at the
stiffener ends when the continuity of the web or the flange
of the stiffeners is not ensured in way of their supports.

5.1.2  Arm lengths of end brackets are to be equal, as far as
practicable.

5.1.3  The section of the end bracket web is generally to be
not less than that of the supported stiffener web.

5.1.4  The section modulus of the end bracket is to be at
least equal to the section modulus of the stiffener supported
by the bracket.

When the bracket is flanged, the section modulus is to be
examined in way of the flange as well as in way of the end
of the flange.σVM σvmam≤
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5.1.5  Bracket flanges

Aluminium brackets having a thickness, in mm, less than
22 Lb are to be flanged or stiffened with a welded face plate,
such that: 

• the sectional area, in cm2, of the flanged edge or the
face plate is at least equal to 10 Lb

• the thickness of the bracket flange is not less than that of
the bracket web

where:

Lb : Length, in m, of the free edge of the bracket.

5.1.6  When a face plate is welded on end brackets to be
strengthened, this face plate is to be symmetrical.

In such a case, the following arrangements are to be com-
plied with, as a rule:

• the face plates are to be snipped at the ends, with a total
angle not greater than 30°

• the width of the face plates at ends is not to exceed
25 mm

• the face plates being 20 mm thick or above are to be
tapered at ends over half the thickness

• the radius of the curved face plates is to be as large as
possible

• a collar plate is to be fitted in way of the bracket toes

• the fillet weld throat is to be not less than t/2, where t is
the thickness of the bracket toe.

5.2 Brackets for connection of perpendicular 
stiffeners

5.2.1  Typical brackets for connection of perpendicular stiff-
eners are shown from Fig 5 to Fig 10.

As a general rule, brackets are to be in accordance with the
requirements given in [5.1].

In addition, and where no direct calculation is carried out,
the length d, in mm, as defined from Fig 5 to Fig 10, is to be
not less than:

where:

ϕ : Coefficient equal to:

• for unflanged brackets:

ϕ = 48,0

• for flanged brackets:

ϕ = 43,5

w : Required section modulus of the supported stiff-
ener, in cm3

t : Bracket thickness, in mm.

When a bracket is provided to ensure the simultaneous con-
tinuity of two (or three) stiffeners of equivalent stiffness, the
bracket scantling is to be examined by direct calculation,
taking into account the balanced bending moment in the
connection of the two (or three) stiffeners.

Figure 5 : Bracket at upper end of
secondary stiffeners on plane bulkhead

Figure 6 : Bracket at lower end of
secondary stiffeners on plane bulkhead

Figure 7 : Other bracket arrangement at lower end of 
secondary stiffeners on plane bulkhead
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Figure 8 : Connection of perpendicular stiffeners
in the same plane

Figure 9 : Connection of stiffeners
located in perpendicular planes

Figure 10 : Lower bracket of main frames

Figure 11 : End connection of secondary stiffeners
Backing bracket

Figure 12 : Bracketless connections
between two primary supporting members

Figure 13 : Bracketless connections
between three primary supporting members

Figure 14 : End connection with stiffener

5.3 Brackets ensuring continuity of 
secondary stiffeners

5.3.1  Where secondary stiffeners are cut in way of the pri-
mary supporting members, brackets (or equivalent arrange-
ments) are to be fitted to ensure the structural continuity as
shown in Fig 11. Their section moduli and their sectional
areas are to be not less than those of the secondary stiffeners.

The bracket thickness is to be not less than that of the sec-
ondary stiffeners and dimension d of each bracket is to be
as a rule not less than the value defined in [5.2.1].
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5.4 Bracketless end stiffener connections

5.4.1  Case of two stiffeners
In the case of bracketless crossing between two primary
supporting members (see Fig 12), the thickness tb of the
common part of the webs, in mm, is to be not less than the
greater value obtained from the following formulae:

where: 
Sf1, Sf2 : Flange sections, in mm2, of member 1 and

member 2, respectively 
σ1, σ2 : Actual normal stresses, in N/mm2, in flanges of

member 1 and member 2, respectively.

5.4.2  Case of three stiffeners
In the case of bracketless crossing between three primary
supporting members (see Fig 13) and when the flange conti-
nuity is ensured between member 2 and member 3, the
thickness tb of the common part of the webs, in mm, is to be
not less than:

When the flanges of member 2 and member 3 are not con-
tinuous, the thickness of the common part of the webs is to
be as defined in [5.4.1]. 

5.4.3  Stiffening of common part of webs
When the minimum value of heights h1 and h2 of member 1
and member 2 is greater than 60 tb, the common part of the
webs is generally to be stiffened.

5.4.4  Lamellar tearing in way of flanges
When lamellar tearing of flanges is likely to occur, a 100%
ultrasonic testing of the flanges in way of the weld may be
required after welding.

5.5 Other type of end connections

5.5.1  Where end connections are made according to Fig
14, a stiffener with sniped ends is to be fitted on connection
web, when:
a > 60 t

where:
a : Dimension, in mm, measured as shown on Fig 14
t : Web thickness, in mm.

tb
Sf1σ1

0 4h2Rp0 2,
′,

---------------------------=

tb
Sf2σ2

0 4h1R′
p0 2,,

-----------------------------=

tb max t1 t2,( )=
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0 4h2Rp0 2,
′,

---------------------------=
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SECTION 7 STRUCTURAL ARRANGEMENTS AND 
SPECIAL FEATURES

1 General

1.1 Application

1.1.1  The requirements of the present Section apply to lon-
gitudinally and transversely frame structure arrangements of
ships built in aluminium alloy for: 

• structural continuity of hull

• single and double bottoms

• sides and decks

• transverse and longitudinal structures

• superstructures and deckhouses

• special features.

Any other arrangement may be considered on a case-by-
case basis.

Additional specific structure arrangements in relation to the
service notation of the ship are to comply with the applica-
ble requirements defined in the Society Rules for the classi-
fication and/or certification of ships (see Sec 1, [1.1.2]).

2 Structural continuity of hull girder

2.1 General principles for longitudinal hull 
girder

2.1.1  Attention is to be paid to the structural continuity:

• in way of changes in the framing system

• at the connections of primary and secondary stiffeners.

2.1.2  Longitudinal members contributing to the hull girder
longitudinal strength are to extend continuously over a suf-
ficient distance towards the ends of the ship.

Secondary stiffeners contributing to the hull girder longitu-
dinal strength are generally to be continuous when crossing
primary supporting members. Otherwise, the detail of con-
nections is considered by the Society on a case-by-case
basis.

2.1.3  Where stress concentrations may occur in way of
structural discontinuity, adequate compensation and rein-
forcements are to be provided.

2.1.4  Openings are to be avoided, as far as practicable, in
way of highly stressed areas.

Where necessary, the shape of openings is to be specially
designed to reduce the stress concentration factors.

Openings are to be generally well rounded with smooth
edges.

2.1.5  Primary supporting members are to be arranged in
such a way that they ensure adequate continuity of strength.
Abrupt changes in height or in cross-section are to be
avoided.

2.2 General principles for platform of multihull

2.2.1  Attention is to be paid to the structural continuity of
the primary transverse cross structure of the platform ensur-
ing the global transversal resistance of the multihull.

The primary transverse cross structure of catamaran are gen-
erally to be continuous when crossing float structures.

The connection between the transverse cross structure of
swath and struts are to be examined by direct calculation.

The general continuity principles defined in [2.1] also apply
for the primary transverse cross structure of the platform.

2.3 Insert plates and doublers

2.3.1  A local increase in plating thickness is generally to be
achieved through insert plates. Local doublers, which are
normally only allowed for temporary repair, may however
be accepted by the Society on a case-by-case basis.

In any case, doublers and insert plates are to be made of
materials of a quality at least equal to that of the plates on
which they are welded.

2.3.2  Doublers having width, in mm, greater than:

• 20 times their thickness, for thicknesses equal to or less
than 15 mm

• 25 times their thickness, for thicknesses greater than
15 mm,

are to be fitted with slot welds, to be effected according to
Sec 3.

2.3.3  When doublers fitted on the outer shell and strength
deck within 0,6 L amidships are accepted by the Society,
their width and thickness are to be such that slot welds are
not necessary according to the requirements in [2.3.2]. Out-
side this area, the possibility of fitting doublers requiring
slot welds will be considered by the Society on a case-by-
case basis.
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3 Subdivision, compartment and 
access arrangements 

3.1 General

3.1.1  Subdivision, compartment and access arrangements
are to comply with the applicable requirements defined in
the Society Rules for the classification and/or certification of
ships (see Sec 1, [1.1.2]). 

4 Arrangement of hull openings

4.1 General

4.1.1   Arrangement of hull openings is to comply with the
applicable requirements defined in the Society Rules for the
classification and/or certification of ships (see Sec 1,
[1.1.2]). 

5 Bottom structure arrangements

5.1 General arrangement

5.1.1  The bottom structure is to be checked by the
Designer to make sure that it withstands the loads resulting
from the dry-docking of the ship or the lifting by crane.
These loading cases are not within the scope of the classifi-
cation and/or certification. 

5.1.2  Provision is to be made for the free passage of water
from all the areas of the bottom to the suctions, by means of
scallops in floors and bottom girders.

5.1.3  Additional girders and floors may be fitted in the
engine room to ensure adequate rigidity of the structure,
according to the recommendations of the engine supplier.

5.1.4  If fitted, solid ballast is to be securely positioned. If
necessary, intermediate girders and floors may be required.
The builder is to check that solid ballast material is compat-
ible with the aluminium alloys used.

5.1.5  Where face plates of floors and bottom girders are at
the same level, the face plate of the stiffer member is gener-
ally to be continuous. Butt welds of face plates are to pro-
vide strength continuity.

5.1.6  As a rule, bottom girders are to be fitted in way of
each line of pillars. If it is not the case, local longitudinal
members are to be provided.

5.2 Longitudinal framing arrangement of 
single bottom

5.2.1  As a general rule, hull with a longitudinally framed
single bottom are to be fitted with a continuous or intercos-
tal centre girder welded to the floors. 

5.2.2  Where side girders are fitted locally in lieu of the cen-
tre girder, they are to be extended over a sufficient distance
beyond the ends of the existing centre girder and an addi-
tional stiffening of the bottom in the centreline area may be
required.

5.2.3  Centre and side bottom girders are to be extended as
far as possible towards the ends of the hull.

5.2.4  Cut-outs fitted in the web of floors for the crossing of
bottom longitudinals are to be taken into account for the
shear analysis of floors.

5.3 Transverse framing arrangement of 
single bottom

5.3.1  In general, the height, in m, of floors at the centreline
should not be less than B/16. In the case of ships with con-
siderable rise of floors, this height may be required to be
increased so as to ensure a satisfactory connection to the
frames.

5.3.2  The ends of floors at side are to be located in line
with side transverse members.
It may be accepted, on a case-by-case basis that floor ends
at side be welded on a primary longitudinal member of the
side shell or of the bottom.

5.3.3  Openings and cut-outs in the web of bottom girders
for the crossing of floors are to be taken into account for the
girder shear analysis.

5.4 Double bottom arrangements

5.4.1  Double bottom height
As a general rule, the double bottom height is to be:
• sufficient to ensure access to any part of the bottom, and
• not less than 0,76 m in way of the centre girder.

5.4.2  Where the height of the double bottom varies, the
variation is generally to be made gradually and over an ade-
quate length.
The knuckles of inner bottom plating are to be located in
way of floors

Where such arrangements are not possible, suitable longitu-
dinal structures such as partial girders, longitudinal brackets
etc., fitted across the knuckle, are to be fitted.

5.4.3  Adequate continuity is to be provided between dou-
ble bottom area and single bottom area.

5.4.4  Floors are to be provided:
• watertight in way of watertight transverse bulkheads
• reinforced in way of double bottom steps.

5.4.5  Where the double bottom height exceeds 0,9 m, web
of floors and girders are to be strengthened by vertical stiff-
eners spaced not more than 1 m apart.
These stiffeners may consist of:
• either bottom girders welded to the floors, or
• flat bars with, as a rule, a width equal to one tenth of the

floor depth and a thickness equal to the floor thickness.
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5.4.6  Watertight floors are to be fitted with stiffeners having
a section modulus not less than that required for tank bulk-
head vertical stiffeners.

5.4.7  In case of open floors consisting in a frame con-
nected to the bottom plating and a reverse frame connected
to the inner bottom plating, the construction principle is to
be as shown on Fig 1.

Figure 1 : Open floor - Transverse framing system

5.4.8  Double bottom compartment 
Double bottom compartment arrangements are to be in
accordance with the applicable requirements defined in the
Society Rules for the classification and/or certification of
ships (see Sec 1, [1.1.2]).

5.4.9  Duct keel
Where a duct keel is arranged, the strength continuity of the
structure of the floors is to be ensured.

5.5 Arrangement, scantling and connections 
of bilge keel

5.5.1  Arrangement
Bilge keels may not be welded directly on the shell plating.
An intermediate flat, or doubler, is required on the shell
plating.

The thickness of the intermediate flat is to be equal to that of
the bilge strake. 

The ends of the bilge keels are to be sniped at an angle of
15° or rounded with a large radius. They are to be located
in way of a transverse bilge stiffener. The ends of the inter-
mediate flat are to be sniped at an angle of 15°.

The arrangement shown in Fig 2 is recommended.

The arrangement shown in Fig 3 may also be accepted.

Figure 2 : Bilge keel arrangement

Figure 3 : Bilge keel arrangement

5.5.2  Materials
The bilge keel and the intermediate flat are to be made of
aluminium having the same yield stress as that of the bilge
strake.

5.5.3  Welding
Welding of bilge keel with intermediate flat is to be in
accordance with Sec 3.

6 Side structure arrangement

6.1 General

6.1.1  In a transverse framing system, structure of sides is
made of transverse frames, possibly supported by horizontal
stringers.

6.1.2  In a longitudinal framing system, structure of sides is
made of secondary longitudinal stiffeners supported by ver-
tical primary supporting members.

6.1.3  Where the sheerstrake (connection between side
shell and deck plate) is rounded, the radius, in mm, is to be
not less than 15 tS, where tS is the thickness, in mm, of the
sheerstrake.

6.2 Stiffener arrangements

6.2.1  In general, the section modulus of ‘tweendeck frames
is to be not less than that required for frames located imme-
diately above.

6.2.2  Transverse web frames and secondary side frames are
to be attached to floors and to deck beams by brackets or
any other equivalent structure (see Sec 6, [5]).

6.2.3  For transverse framing system, the attention of the
Designer is drawn on the risk of buckling of side shell plate
panels in way of ends of frames. Extra thicknesses or addi-
tional vertical intercostal stiffeners may be requested on the
side shell.

6.3 Openings in the shell plating

6.3.1  Openings in side shell are to be well rounded at the
corners and located, as far as practicable, well clear of
superstructure ends.

shell plating
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6.3.2  Large-sized openings are to be adequately compen-
sated by means of insert plates of increased thickness. Such
compensations are to be partial or total, depending on the
stresses occurring in the area of the openings.

6.3.3  Secondary stiffeners cut in way of openings are to be
attached to local structural members supported by the con-
tinuous adjacent secondary stiffeners, or any other equiva-
lent arrangement.

6.3.4  The sea chest thickness is generally to be equal to
that of the local shell plating

6.3.5  Openings for stabilizer fins are considered by the
Society on a case-by-case basis.

7 Deck structure arrangements

7.1 General

7.1.1  Adequate continuity of decks (plates and stiffeners) is
to be ensured in way of:

• stepped or knuckled strength decks

• changes in the framing system

• large openings.

7.1.2  Deck supporting structures under cranes and wind-
lass are to be adequately stiffened.

7.1.3  Pillars or other supporting structures are generally to
be fitted under heavy concentrated loads on decks.

7.1.4  Stiffeners are to be fitted in way of the ends and the
corners of deck houses and partial superstructures.

7.1.5  Beams fitted at side of a deck hatch are to be effi-
ciently supported by at least two deck girders located at
each side of the deck opening.

7.2 Opening arrangements

7.2.1  The deck openings are to be as much spaced apart as
possible.

As practicable, they are to be located as far as possible from
the highly stressed deck areas or from the stepped deck areas.

7.2.2  Extra thicknesses or additional reinforcements may be
requested where deck openings are located:

• close to the primary transverse cross structure of plat-
form of multihull

• in areas of deck structural singularity (stepped deck...)

• in way of the fixing of out-fittings.

7.2.3  As a rule, all the deck openings are to be fitted with
rounded corners. Generally, the corner radius is not to be
less than 5% of the transverse width of the opening.

7.2.4  Corner radiusing, in the case of two or more openings
athwart ship in one single transverse section, is considered
by the Society on a case-by-case basis.

7.3 Hatch supporting structure

7.3.1  Hatch side girders and hatch end beams of reinforced
scantling are to be fitted in way of cargo hold openings.

In general, hatched end beams and deck transverses are to
be in line with bottom and side transverse structures, so as
to form a reinforced ring.

Adequate continuity of strength of longitudinal hatch coam-
ings is to be ensured.

The details of connection of deck transverses to longitudinal
girders and web frames are to be submitted to the Society
for approval.

7.4 Pillars arrangement under deck

7.4.1  Pillars are to be connected to the bottom at the inter-
section of floors and bottom girders and at deck at the inter-
section of deck beams and deck girders.

Where it is not the case, an appropriate local structure is to
be fitted to support the pillars.

7.4.2  Pillars are to be attached at their heads and heels by
continuous welding.

Heads and heels of pillars are to be attached to the sur-
rounding structure by means of brackets, insert plates or
doubling plates so that the loads are well distributed.

In general, the thickness of insert plate or doubling plates is
to be not less than 1,5 times the thickness of the pillar.

7.4.3  If tensile stress is expected in the pillar, an insert plate
is to be put in place of doubling plate and head and heel
brackets may be required. 

7.4.4  In tanks and in spaces intended for products which
may procure explosive gases, solid or open section pillars
are to be fitted.

7.4.5  Where pillars are made of steel or stainless steel, their
connection to the hull structure is to be made of bi-metallic
joints or equivalent systems. These systems are to be type-
approved.

7.4.6  Manholes may not be cut in the web of primary struc-
ture in way of the head and heel of pillars.

7.4.7  Tight or non-tight bulkheads may be considered as
pillars, provided their scantling complies with [8.4].

7.4.8  Scantling of the pillars are to comply with the
requirements of Sec 8.

7.5 Deck structure in way of launching 
appliances used for survival craft or res-
cue boats

7.5.1  The scantling of deck structure supporting launching
appliances used for survival craft or rescue boats is to be
determined by direct calculations, as defined in the Society
Rules for the classification and/or certification of ships (see
Sec 1, [1.1.2]).
June 2021 Bureau Veritas 33



NR 561, Sec 7
7.5.2  Attention is drawn on any possible specific require-
ment that could be issued by the Flag Administration with
respect to structure reinforcement and to structural fire pro-
tection.

8 Bulkhead structure arrangements

8.1 General

8.1.1  Plane bulkheads may be horizontally or vertically
stiffened.

Stiffening of horizontally framed bulkheads consists of hori-
zontal secondary stiffeners supported by vertical primary
supporting members.

Stiffening of vertically framed bulkheads consists of vertical
secondary stiffeners which may be supported by horizontal
stringers.

The structural continuity of the vertical and horizontal pri-
mary supporting members with the surrounding supporting
hull structures is to be carefully ensured.

8.1.2  As a general rule, transverse bulkheads are to be stiff-
ened, in way of bottom and deck girders, by vertical stiffen-
ers in line with these girders or by an equivalent system.

Where a deck girder is not continuous, the bulkhead verti-
cal stiffener supporting the end of the deck girder is to be
strong enough to sustain the bending moment transmitted
by the deck girder.

8.2 Watertight bulkheads

8.2.1  Crossing through watertight transverse bulkheads of
bottom, side shell or deck longitudinal stiffeners are to be
closed by watertight collar plates.

8.2.2  Ends of stiffeners of watertight bulkheads are to be
aligned with the hull structure members, and are to be fitted
with end brackets.

Where this arrangement is made impossible due to hull
lines, any other solution may be accepted provided embed-
ding of the bulkhead secondary stiffeners is satisfactorily
achieved.

8.2.3  The secondary stiffeners of watertight bulkheads in
the ‘tweendecks may be snipped at ends, provided their
scantling is increased accordingly.

8.2.4  Watertight doors

The thickness of watertight doors is to be not less than the
adjacent bulkhead plating, taking into account their actual
spacing.

Where bulkhead stiffeners are cut in way of watertight door,
reinforced stiffeners are to be fitted and suitably overlapped;
cross-bars are to be provided to support the interrupted stiff-
eners.

8.3 Non-tight bulkheads

8.3.1  As a rule, non-tight bulkheads not acting as pillars are
to be provided with vertical stiffeners with a maximum
spacing equal to:
• 0,9 m apart, for transverse bulkheads
• two frames spacings, with a maximum of 1,5 m, for lon-

gitudinal bulkheads.

8.3.2  Swash bulkheads
As a rule, the total area of the openings in a tank swash
bulkhead is to be between 10% and 30% of the total area of
the swash bulkhead.

8.4 Bulkheads acting as pillars

8.4.1  As a rule, bulkheads acting as pillars (i.e those
designed to sustain the loads transmitted by a deck struc-
ture) are to be provided with vertical stiffeners being at a
maximum two frames apart.

8.4.2  A vertical stiffening member is to be fitted on the
bulkhead in line with the deck primary supporting member
transferring the loads from the deck to the bulkhead and is
to be checked as defined in Sec 8.

8.5 Bracketed stiffeners

8.5.1  The bracket scantlings at ends of bulkhead stiffeners
are to be defined by direct calculation, taking into account
the bending moments and shear forces acting on the stiffen-
ers in way of the brackets, as defined in Sec 6, [5]. 

9 Superstructure and deckhouse 
structure arrangements

9.1 Superstructure materials

9.1.1  Special attention is to be given to any specific
requirements from the Flag Administration about the struc-
tural materials and the structural fire protection in the super-
structures.

9.2 Connections of superstructures and 
deckhouses with the hull structure

9.2.1  Superstructure and deckhouse frames are to be fitted,
as far as practicable, in way of deck structure and are to be
efficiently connected.
Ends of superstructures and deckhouses are to be efficiently
supported by bulkheads, diaphragms, webs or pillars.

Where hatchways are fitted close to the ends of superstruc-
tures, additional strengthening may be required.

9.2.2  Construction details
The vertical stiffeners of the superstructure and deckhouse
walls of the first tier (directly located above the freeboard
deck) are to be attached to the decks at their ends.

Brackets are to be fitted at the lower end and, preferably, at
the upper end of the vertical stiffeners of exposed front
bulkheads of engine casings and superstructures.
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9.2.3  Connection to the hull deck of the corners of super-
structures and deckhouses is considered by the Society on a
case-by-case basis. Where necessary, local reinforcements
may be required.

9.2.4  As a general rule, the side plating at ends of super-
structures is to be tapered into the side shell bulwark or the
sheerstrake of the strength deck.

Where a raised deck is fitted, the local reinforcement in
way of the step is to extend, as a general rule, over at least
3-frame spacings.

9.3 Structural arrangement of 
superstructures and deckhouses

9.3.1  Superstructures contributing to the hull girder longi-
tudinal strength are to be examined on top of local scant-
ling, taking into account the global strength analysis as
defined in Sec 5.

9.3.2  Web frames, transverse partial bulkheads or other
equivalent strengthening of each superstructure tier are to
be arranged, where practicable, in line with the transverse
reinforced structure below.

Web frames are also to be arranged in way of large open-
ings, tender davits, winches, provision cranes and other
areas subjected to local loads.

Web frames, pillars, partial bulkheads and similar strength-
ening are to be arranged, in conjunction with deck trans-
verse, at ends of superstructures and deckhouses.

9.3.3  Openings

All the openings in superstructures and deckhouses
exposed to greenseas are to be fitted with sills or coamings
as defined in the Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2]).

The attention of the Shipowners, Shipyards and Designer is
drawn on the fact that the flag Administration may request
application of National Rules.

9.3.4  Sidescuttles, windows and skylights

Sidescuttles, windows and skylights arrangement and scant-
lings are to be as defined in the Society Rules for the classi-
fication and/or certification of ships (see Sec 1, [1.1.2]).

9.3.5  Access and doors

Access openings cut in side plating of enclosed superstruc-
tures are to be fitted with doors having a strength equivalent
to the strength of the surrounding structure.

Special consideration is to be given to the connection of the
doors to the surrounding structure.

Securing devices which ensure watertightness are to
include tight gaskets, clamping dogs or other similar appli-
ances, and are to be permanently attached to the bulkheads
and doors. These doors are to be operable from both sides.

10 Special features

10.1 General

10.1.1   Scantling and arrangement of the following features
are to be as defined in the Society Rules for the classifica-
tion and/or certification of ships (see Sec 1, [1.1.2]):

• fore part structure

• aft part structure

• machinery space

• bow doors and inner doors

• side doors and stern doors

• movable decks, inner ramps and external ramps 

• bulwarks

• hatch covers

• rudder

• propeller shaft bracket

• water jet propulsion tunnel

• equipment in chain and anchor.

10.2 Foils and trim tab supports 

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

Forces and moments induced by these elements, as well as
the designer calculation, are to be submitted for the exami-
nation of the surrounding ship structure reinforcements.

As a general rule, attachment structure of foils to the ship
structure is to be located within watertight compartment or
equivalent.

10.3 Lifting appliances

10.3.1  As a rule, the welded fixed parts of lifting appliances
fitted into the hull, and their local reinforcements, are con-
sidered as integral part of the hull and are to be checked as
defined in the Society Rules for the classification and/or cer-
tification of ships (see Sec 1, [1.1.2]).

10.4 Helicopter deck and platform

10.4.1  Arrangement and structure of helicopter deck
located on weather deck or on platform permanently con-
nected to the hull is to be examined according to the Soci-
ety Rules for the classification and/or certification of ships
(see Sec 1, [1.1.2]).

10.4.2  Attention is drawn on any possible specific require-
ment that could be issued by the Flag Administration with
respect to structural fire protection.
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11 Hull protection

11.1 Protection against corrosion

11.1.1  Corrosion protection of hull and superstructure is
not covered by the Classification and/or the Certification.

It is incumbent upon the shipowner and the shipbuilder to
take measures for the protection of materials against various
types of corrosion of aluminium alloy structure in marine
atmosphere.

Basic following principles may be followed to ensure a cor-
rosion protection:

• adequate selection of alloys

• structural design avoiding trap of sea water (drain hole,
wells, etc.)

• control of the risks of galvanic corrosion

• drying of stagnant sea-water and humidity retention
zones

• regular inspection of sensible zones (batteries, heteroge-
neous assemblies, etc.)

• regular maintenance of protective anodes.

As a rule, a protective coating is to be requested for alumin-
ium structure built in 6000 series alloy in direct contact
with sea water, to prevent risk of uniform corrosion.

12 Additional requirements in relation to the 
service notation or the service feature 
assigned to the ship

12.1 General

12.1.1  Service notations and service features

The service notations define the type and/or service of the
ship which is considered for its classification.

A service notation may be completed by one or more addi-
tional service features giving further precision regarding the
type of service of the ship.

The service notation and the additional service features are
defined in NR467 Steel Ships, Pt A, Ch 1, Sec 2, [4].

12.1.2  Additional requirements

The hull arrangement and hull structure requirements in
relation to the service notation or service feature assigned to
the ship and to be applied in addition to the present Rules
are defined in the Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2]).

12.2 Strengthening for ice navigation

12.2.1  When requested by the Owner, an additional ice
class notation may be assigned according to NR467, Rules
for Steel Ships, Pt A, Ch 1, Sec 2, [6.10].

Hull strengthening required for the assignment of this addi-
tional class notation is defined in NR467, Rules for Steel
Ships, Part F, Chapter 8.

The following parameters considered in the scantling for-
mulae of NR467 Rules are to be taken as follow:

• the minimum yield stress of the material ReH is to be
taken equal to the minimum yield stress Ry as defined in
Sec 2, [2.3]

• the abrasion and corrosion addition, in mm, for platings
is to be taken equal to 4 mm. Where a special surface
coating is applied, shown by experience to be capable
of withstanding the abrasion of ice, a lower value may
be accepted by the Society on a case by case basis.

12.3 Strengthened bottom (STRENGTHBOT-
TOM)

12.3.1  Application
The additional class notation STRENGTHBOTTOM is
assigned, in accordance with NR467 Steel Ships Pt A, Ch 1,
Sec 2, to ships built with specially strengthened bottom
structures so as to be able to be loaded and/or unloaded
when properly stranded.

The general requirements defined in NR467 Steel Ships,
Pt F, Ch 11, Sec 1 [1] are applicable.

12.3.2  Primary supporting members arrangement

a) Ships with a longitudinally framed bottom:

As a rule, solid floors and side girders are to be fitted
with a maximum spacing between floors and girders not
greater than 0,9 L0,25.

The number and size of holes on floors and girders are
to be kept as small as possible, and are to be such as to
allow complete inspection of double bottom structures.

b) Ships with a transversally framed bottom:

As a rule, floors are to be fitted at every frame.

Side girders are to be fitted on each side of the ship with
a maximum spacing not greater than 0,9 L0,25.

The number and size of holes on floors and girders are
to be kept as small as possible, and are to be such as to
allow complete inspection of double bottom structures

12.3.3  Bottom scantling

a) Plating:

The thickness of the bottom and bilge platings obtained
according to Sec 6, [2.2] are to be increased by 50%
and, as a rule, are not to be less than 8 mm.

b) Secondary and primary stiffeners:

The section modulus w, in cm3, and the shear section
area ASh, in cm2, of longitudinal or transverse bottom
secondary stiffeners are to be not less than the greater of
the following values:   

• the values obtained according to Sec 6, [3.3] 

• the values obtained by the following formula:

where:

Z 1000 ps2

mσlocam

-------------------=

Ash 5 ps
τlocam

-------------=
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p : Sea pressures, in kN/m2, as defined in Sec 6,
[1.2.1] a)

 : Span, in m, of stiffeners

s : Spacing, in m, of stiffeners

m : End stiffener conditions as defined in Sec 6,
[3.1.2]

τlocam : Permissible shear stress, in N/mm2 to be
taken 0,3Ry, with Ry as defined in Sec 2,
[2.3].

σlocam : Permissible bending stress, in N/mm2 to be
taken equal to, with Ry as defined in Sec 2,
[2.3].

- for secondary stiffeners:

• 0,45Ry for longitudinal stiffener

• 0,65Ry for transversal stiffener

- for primary stiffeners:

• 0,35Ry for longitudinal stiffener

• 0,65Ry for transversal stiffener.

12.3.4  Particular case
Ships defined in Sec 5, [1.2.1] may be considered by the
Society on a case-by-case basis, taking into account the

specific hull girder loads induced by loading and unloading
when stranded.

In this case, the section modulus w, in cm3, and the shear
section area ASh, in cm2, of longitudinal or transverse bot-
tom secondary stiffeners are to be not less than the greater
of the following values:   
• the values obtained according to Sec 6, [3.3] 
• the values obtained by the following formula:

where:
σg : Hull girder normal stresses, in N/mm2, in

stranded conditions determined by direct
calculation.

12.3.5  Welding between secondary and primary 
stiffeners

As a general rule, the total resistant weld section AW, in
cm2, connecting the continuous secondary stiffeners to the
web of primary members are to be as defined in Sec 3, [2.7]
taking into account a coefficient ϕ increased by 20%.

Z 1250 ps2

m 0 65Ry, σg–( )
-----------------------------------------=

Ash 5 ps
τlocam

-------------=
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SECTION 8 PILLARS

Symbols

A : Cross-sectional area, in cm2, of the pillar

I : Minimum moment of inertias, in cm4, of the pil-
lar in relation to its principal axis

E : Young’s modulus of aluminium, equal to
70000 N/mm2

 : Span, in m, of the pillar

f : Fixity condition coefficient, to be obtained from
Tab 1

Rp 0,2 : Proof stress (yield strength), in N/mm2, of the
parent metal in delivery conditions, as specified

R’p 0,2 : Proof stress (yield strength), in N/mm2, of the
parent metal in as-welded conditions as defined
in Sec 2

σE : Euler column buckling stress of the pillar, in
N/mm2, to be obtained from the following for-
mula:

σCB : Global pillar buckling stress, in N/mm2

σCL : Local pillar buckling stress, in N/mm2.

1 General

1.1 Application

1.1.1  The requirements of this Section apply to pillars
(independent profiles or bulkhead stiffeners) made of alu-
minium alloys.

1.1.2  The present Section only deals with the buckling
check of the pillars (the general requirements relating to pil-
lar arrangement are given in Sec 7, [7.4]).

1.1.3  Calculation approach
For aluminium pillars, the pillar buckling stresses σCB and
σCL, in N/mm2, and the maximum allowable axial load PC,
in kN, are to be successively examined according the two
following methods: 
• global column buckling, and
• local buckling.

1.1.4  Compression axial load
Where pillars are vertically aligned, the compression axial
load FA, in kN, is equal to the sum of the loads supported by
the pillar considered and those supported by the pillars
located above, multiplied by a load factor r.

The load factor depends on the relative position of each pil-
lar with respect to that considered (i.e. the number of tiers
separating the two pillars).

The compression axial load in the pillar is to be obtained, in
kN, from the following formula:

where:
AD : Area, in m2, of the portion of the deck or the

platform supported by the pillar considered
ps : Pressure on deck, in kN/m2, as defined in the

Society Rules for the classification and/or certifi-
cation of ships (see Sec 1, [1.1.2], item b)).

Table 1 : Coefficient f

σE π2E I
A f( )2
----------------10 4–=

FA ADps pL r
i

 Qi+ +=

Conditions of fixity

f 0,5 (1) 0,7 1,0 2,0 1,0 2,0

(1) End clamped condition may only be considered when the structure in way of pillar ends can not rotate under the effect of 
loadings.
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pL : Local loads, in kN, if any
r : Load factor depending on the relative position

of each pillar above the one considered, to be
taken equal to:
• r = 0,9 for the pillar immediately above the

pillar considered

• r = 0,9i > 0,478 for the ith pillar of the line
above the pillar considered

Qi : Vertical local load, in kN, supported by the ith

pillar of the line above the pillar considered, if
any.

2 Critical buckling stresses

2.1 Buckling of pillars subjected to 
compression axial load

2.1.1  Global critical column buckling stress
The global critical column buckling stress σCB of pillars
made of aluminium alloy is to be obtained, in N/mm2, from
the following formula:

where:
C : Coefficient to be taken equal to one of the fol-

lowing formulae or deduced from Fig 1:
• for alloys series5000:

• for alloys series 6000:

where:

2.1.2  Local critical buckling stress
The local critical buckling stress σCL of pillars made of alu-
minium alloy is to be obtained, in N/mm2, from the follow-
ing formula:

σCL = 2 Rp 0,2’ C

where:
C : Coefficient as defined in [2.1.1], with:

σEi : Euler local buckling stress, in N/mm2, to be
taken equal to:
• for circular tubular pillars:

t : Pillar thickness, in mm
D : Pillar outer diameter, in mm

• for rectangular tubular pillars:

b : Greatest dimension of the cross-
section, in mm

t : Plating thickness in relation to b,
in mm

• for built up pillars, the lesser of:

hW , tW : Web height and web thickness,
respectively, of built-up section,
in mm

bF , tF : Face plate width and face plate
thickness, respectively, of built-
up section, in mm.

2.1.3  Maximum allowable axial load
The maximum allowable axial load PC, in kN, is the smaller
of the following values:

where:

SFCB, SFCL: Safety coefficients for pillar buckling as defined
in the Society Rules for the classification of
ships (see Sec 1, [1.1.2] b).

2.2 Buckling of pillars subjected to compres-
sion axial load and bending moments

2.2.1  Checking criteria
In addition to the requirements in [2.1], the scantling of the
pillar loaded by the compression axial load and bending
moments are to comply with the following formula:

where:

F : Actual compression load, in kN, acting on the
pillar

A : Cross-sectional area, in cm2, of the pillar

e : Eccentricity, in cm, of the compression load
with respect to the centre of gravity of the cross-
section

wP : Minimum section modulus, in cm3, of the cross-
section of the pillar

Mmax : Max (M1, M2, M0)

M1 : Bending moment, in kN.m, at the upper end of
the pillar

M2 : Bending moment, in kN.m, at the lower end of
the pillar

σCB 2R′
p0 2, C⋅=

1
1 λ 1 λ+( )2 0 68 λ⋅,–+ +
----------------------------------------------------------------------

1
1 λ 1 λ+( )2 3 2 λ⋅,–+ +
-------------------------------------------------------------------

λ Rp0 2, ′
σE

-------------=

λ Rp0 2, ′
σEi

-------------=

σEi 12 5 E
206000
-------------------- 
  t

D
---- 
  104,=

σEi 78 E
206000
-------------------- 
  t

b
--- 
 

2

104=

σEi 78 E
206000
-------------------- 
  tW

hW

------- 
 

2

104=

σEi 32 E
206000
-------------------- 
  tF

bF

----- 
 

2

104=

PC
σCBA

10SFCB

------------------=

PC
σCLA

10SFCL

------------------=

10F 1
A
---- Φe

wP

--------+ 
  103Mmax

wP

------------ 
 + 0 85R′

p0 2,,≤

Φ 1

1 10F
σEA
----------–

-------------------=
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provided that:

2.3 Vertical bulkhead stiffener acting as pillar

2.3.1  When a vertical stiffening member is fitted on the
bulkhead in line with the deck primary supporting member
transferring the loads from the deck to the bulkhead (as a
pillar), this vertical stiffener is to be calculated as defined in
[2.1] or [2.2], taking into account an associated plating of a
width equal to 30 times the plating thickness.

3 Pillars in tanks

3.1 General

3.1.1  Where pillars are submitted to tensile stress due to
internal pressure in tank, the tensile stress in the pillar and
the shear stresses in the connection elements between the
pillar and the supported structure of the tank are to be lower
than the permissible stresses defined in the Society Rules for
the classification and/or certification of ships for primary
structure element. 

As a rule, brackets are to be provided at the connection of
the pillar ends with the tank structure. 

Doubling plate are not to be used at pillar ends.

3.1.2  Pillars in tanks are not to be of hollow profile type. 

Figure 1 : Coefficient C

M0
0 5 1 t2+( ), M1 M2+( )

u( )cos
----------------------------------------------------------=

u 0 5π, 10F
σEA
----------=
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SECTION 9 HULL CONSTRUCTION, SURVEY AND TESTING

1 General

1.1 Scope

1.1.1  The purpose of this Section is to define hull construc-
tion and Shipyard survey requirements within the scope of
the classification of ships and/or certification of ships hulls
required to be built in compliance with to the applicable
Society's Classification Rules and surveyed during construc-
tion by the Society.

The scope of classification is defined in NR467 Rules for
Steel Ships, Part A.

2 Hull structure drawings

2.1 General

2.1.1  The structure drawings are to be submitted for exami-
nation in accordance with the present Rule Note and the
applicable Society Rules for the classification and/or certifi-
cation of ships (see Sec 1, [1.1.2]).

2.1.2  The type of aluminium alloys, including grade, tem-
per and minimum proof stress, is to be specified by the
Shipyard on the structure drawings. 

2.1.3  The details of the welded and/or riveting connections
between the main structural elements, including throat
thicknesses and joint types, are to be specified by the Ship-
yard on the structure drawings or in the weld booklet, as
defined in Sec 3, [1.2.1].

3 Hull construction and Shipyard 
procedures

3.1 Shipyard details and procedures

3.1.1  The following details are to be submitted by the Ship-
yard to the Society:

• design office and production work staff

• production capacity (number of units per year, number
of types, sizes)

• total number of hull units already built.

3.1.2  The following procedures are to be submitted by the
Shipyard to the Society:

a) Traceability

• procedure to ensure traceability of materials,
consumables and equipment covered by the
Society’s Rules (from the purchase order to the
installation or placing on ship)

• data to ensure traceability of the production means
(describing the different steps such as inspection or
recording during production)

• handling of non-conformities (from the reception
of materials or equipment to the end of construc-
tion)

• handling of client complaints and returns to
after-sales department.

b) Construction

• procedure to ensure that the hull is built in accordance
with the approved drawings, as defined in Article [2]

• procedure to precise the equipment references, the
references to any equipment approval, the suppliers'
technical requirements, the precautions to be taken
when installing the equipment

• builder’s inspection process and handling of imper-
fections 

• procedure to ensure that the remedial measures
concerning the indications noticed by the Surveyor
of the Society during the survey are taken into
account and reported to the Surveyor.

Procedures are also to define:

- the precautions to be taken to comply with the
suppliers and Society requirements in order not
to cause, during installation, structure damages
affecting structural strength and watertightness,
and

- the preparations to be made on the hull in antic-
ipation of installation.

3.2 Materials

3.2.1  The following details about materials used are to be
submitted by the Shipyard to the Society:

• list of aluminium alloys used for plates, stiffeners, filler
products, with their references and suppliers’ identifica-
tion

• references of existing material approval certificates.

3.2.2  The storage conditions of materials and welding con-
sumables are to be in dry places without condensation and
clear of the ground and generally in accordance with the
manufacturers’ recommendations at Shipyard’s diligence. 

Materials are to be identifiable in the storage site (quality of
aluminium alloy and welding consumables, reference of
batches and type of approval certificate).

The builder is to inspect the incoming plates, stiffeners and
consumables in accordance with the purchase batches and
make the relevant report available to the Surveyor. 
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3.3 Forming

3.3.1  Forming operations are to be at Shipyard’s diligence.
Any deviation is to be declared to the Surveyor for assess-
ment.

3.4 Welding 

3.4.1  Welding booklet

A welding booklet, including the welding procedures, filler
products and the design of joints, as well as the sequence of
welding provided to reduce to a minimum restraint during
welding operations, is to be submitted to the Society.

Moreover, the welding booklet is:

• to indicate, for each type of joint, the preparations and
the various welding parameters

• to define, for each type of assembly:

- root gap and clearance (as a guidance, typical joint
preparations may be found in standard ISO 9692-3)

- the nature and the extent of the inspections proposed,
in particular those of the non-destructive testing

- criteria for the acceptance of weld imperfections
(see [3.5.5]).

3.4.2  Welding consumables, procedures and welder 
qualifications

The various welding procedures and consumable materials
are to be used within the limits of their approval and in
accordance with the conditions of use specified in the
respective approval documents.

a) Welding filler product

• The choice by the Shipyard of the welding filler
metal is to be made taking into account the welding
procedure, the assembly and the grade of alumin-
ium alloy corresponding to the parent metal.

The welding consumables are to be in accordance
with NR216 Materials and Welding. 

• Welding filler products are generally to be approved
by the Society and are of type as defined in NR216
Materials and Welding, Ch 5, Sec 2 or of other types
accepted as equivalent by the Society.

• The filler products used are to be mentioned in the
welding specification of the construction con-
cerned.

• Arc welding of aluminium alloys is to be carried out
under an inert atmosphere, using either a refractory
electrode (TIG process) or a consumable electrode
(MIG process).

• Automatic or semi-automatic weld may be used for
prefabricated panels and on building slip for the
connection of blocks.

• For welding of thicknesses greater about 8 mm, an
efficient heating of the plates to be connected is to
be carried out in order to prevent risks of condensa-
tion as necessary (pre-heating at about 70°C).

b) Qualification of welders: welders for manual welding
and for semi-automatic welding processes are to be cer-
tified by the Society according to the procedures given
in NR476 Approval Testing of Welders unless otherwise
agreed.

c) Qualification of weldings procedures: requirements for
the approval of welding procedures are to be as defined
in NR216 Materials and Welding, Chapter 5, Section 4.

3.4.3  Weather protection

Welding operations in open air are to be avoided as necessary.

Adequate protection from the weather is to be provided to
parts being welded; in any event, such parts are to be dry.

3.4.4  Butt connection edge preparation

Preparation of edges and adjusting are to be at Shipyard’s
diligence. Any deviation is to be declared to the Surveyor
for assessment.

3.4.5  Surface condition

The surfaces to be welded are to be free from moisture and
other substances, such as mill scale, oil, grease or paint.

Effective means of cleaning are to be adopted. The metal is
to be properly degreased prior to the welding by means of a
solvent inert for the metal.

Before welding, a mechanical cleaning of the edges to be
welded is also to be carried out by means of brushing (stain-
less steel brush) or scraping. Chemical pickling may also be
used.

3.4.6  Assembling and gap

The setting appliances and system to be used for positioning
are to provide an adequate tightening adjustment and an
appropriate gap of the parts to be welded, while allowing
maximum freedom for shrinkage.

Where stiffener ends are butt welded, the weld is to extend
over the full section. Chamfers may be needed, in particular
for bulb sections. If both sections have a different height,
the strength continuity is to be maintained as necessary.

3.4.7  Plate misalignment in butt weld

The misalignment between plates of equal thickness is to be
less than 10% of the plate thickness, without being greater
than 3 mm.

3.4.8  Plate misalignment in cruciform connections

In the case of cruciform joint, as shown in Fig 1, misalign-
ment “m” is to be such that:

m ≤ t / 2

where:

t = Max (t1 , t2)

The maximum allowable misalignment “m” may be
required smaller in case of highly stressed cruciform joints.
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Figure 1 : Cruciform connection

3.4.9  Welding sequences and interpass cleaning
After each run, the surface is to be cleaned by means of a
stainless steel brush before it is covered by the next run. The
same precaution is to be taken when an interrupted weld is
resumed or when two welds are to be connected.

Where a welding is interrupted, the end of the joint is to be
carefully grounded and an adequate overlapping of welding
lines (typical over 20 mm) is to be provided.

3.5 Examination of welds

3.5.1  General
Yard Inspecting department is to inspect the root gap and
clearance before welding, and after welding, the aspect,
surface, uniformity and thickness of the welds (the throats of
the fillet welds are to be checked by means of gauges) and
report to the Surveyor. Where imperfections are found, the
weld is to be repaired in agreement with the Surveyor. 

The extent, distribution and methods of non-destructive
testing (visual, dye-penetrant and radiographic inspection),
as well as the criteria for acceptance of weld imperfections
adopted by the Shipyard and applied to the construction,
are to be defined at the initial stages of construction and
presented in the welding booklet or in a document submit-
ted to the Surveyor in charge of the survey. 
Note 1: Non-destructive tests are to be carried out by certified
qualified personnel or by recognised bodies in compliance with
appropriate standards. 

3.5.2  Weld categories
As a rule, welds are classified in two categories defining the
extent and distribution of non-destructive testing (defined in
[3.5.4]) as well as the acceptance criteria (defined in
[3.5.5]:
• first category: for butt welds of shell and butt or fillet

welds of longitudinal members, primary elements, struc-
ture transverse bulkheads, oil and fuel tanks boundaries,
engine seating and rudders, fixed parts of lifting appli-
ances

• second category: for other welds. 

Choice of the categories for hull and superstructure welds is
to be made by the Shipyard before the construction starts
(according to the level of stresses, the consequences of a

crack and the location of the welds, in particular their
accessibility for survey and repair), and submitted to the
Society for review.

3.5.3  Shipyard’s Inspection methods
The three main methods of inspection to be considered are:

a) Visual inspection: the inspection of welds intends to
check the absence of unacceptable visual imperfections
and the conformity of welds as defined in the examined
structure drawings (type, location, throat thickness)

b) Dye-penetrant testing

c) Radiographic or gamma ray inspection.

For gamma-ray inspection, the following typical conditions
are to be observed by the Shipyard: 

• fine grain film

• reinforcing screen

• density in the range 2,5 to 4,5

• the image quality given by the image quality indicator
(IQI) is to be such that:

- the minimum diameter of the visible hole is equal
to 5% of the assembly thickness, for IQI with hole

- the minimum diameter of the visible wire is equal
to 2% of the assembly thickness, for IQI with
wires.

The samples used for the qualification of welders or of the
welding procedures can be used to demonstrate the quality
of the gamma ray inspection method.

3.5.4  Extent of non-destructive examination - 
Reporting

The following extents are to be taken into account for the
weld inspections carried out by the Shipyard which is to
keep records available and to report all findings interesting
class or certification of ship hulls to the Surveyor:

a) First category weld:

• Visual inspection: full length visual inspection of
every weld

• Butt welds: dye-penetrant testing is to be carried out
on the weld lengths submitted to radiographic
inspection, and on any suspicious length revealed
during visual inspection.

For radiographic inspection, the number N of radio-
graphs is to be not less than the length of the ship, in
m, (for multihull, N is to be not less than n times the
length of the ship, in m, where n is the number of
hulls). The location of these radiographs is deter-
mined by the yard with the Surveyor’s agreement
and is to be mainly localized at the cross-welds and
on highly stressed welds.

• Fillet welds: as a rule, dye-penetrant testing may be
carried out at random. The extent of this random check
is to be defined in accordance with the Surveyor.

b) Second category weld:

• Visual inspection: full length visual inspection of
every weld.

Where imperfections are detected, the extent/type of the
inspection is to be increased/modified as agreed by the yard
and the Surveyor.

t1

m

t2
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3.5.5  Acceptance criteria

Criteria for the acceptance of weld imperfections are to be
defined and documented in the welding booklet by the
Shipyard at the initial stage of construction.

The following main weld imperfections and their accept-
ance limit, taking into account the weld category as defined
in [3.5.2], are to be described: 

• exposed or internal local porosity

• open crater pipe

• geometrical imperfection of fillet weld

• local lack of fusion, incomplete penetration.

The criteria are to be based according to the Shipyard tech-
nologies and experience or on recognized national or inter-
national standards applicable to structures in aluminium
alloys. As a guidance, the criteria defined in the standard
ISO 10042 may be accepted as far as classification is con-
cerned taking for reference the level C for first category
weld and level D for second category weld.

Finished welds are to be as a rule, free from visible cracks
and detected planar lack of fusion.

3.6 Tank and weathertight structure testing

3.6.1  General

The pressure testing conditions for tanks, watertight and
weathertight structures in order to check the tightness
and/or the strength of structural elements are defined in the
Society Rules for the classification and/or certification of
ships (see Sec 1, [1.1.2]).

4 Survey for unit production

4.1 General

4.1.1  The survey includes the following steps:

• survey at yard with regards to general requirements of [3]

• structure drawing examination (see [2])

• survey at yard during unit production with regards to
approved drawings, yard's response to comments made
by the Society during structure review examination and
construction requirements.

These can only focus on the construction stage in progress
during the survey. It is to the responsibility of the inspection
department of the yard to present to the Surveyor any
imperfections noted during the construction of the ship. 

5 Alternative survey scheme for 
production in large series

5.1 General

5.1.1  Where the hull construction is made in large series,
an alternative survey scheme based on voluntary basis may
be agreed with the Society for hull to be surveyed as far as
Classification or Certification is concerned.

5.1.2  The general requirements for the alternative survey
scheme, BV Mode I, are given in the Society's Rule Note
NR320 as amended.

5.1.3  The alternative survey scheme comprises the follow-
ing steps:

• type approval

• yard's recognition based on initial audit and periodical
audits

• certificate of conformity issued by the yard and submit-
ted to the Society for endorsement.

5.2 Type approval

5.2.1  General
The type approval of a hull made of aluminium alloy and
built in large series comprises:

• examination, in accordance with the present Rule Note
and the Society Rules for the classification and/or certifi-
cation of ships (see Sec 1, [1.1.2]), of hull structure
drawings and documents defining the main structural
components of the hull

• examination of certain items of equipment and their fit-
tings if requested by the Society Rules for the classifica-
tion and/or certification of ships (see Sec 1, [1.1.2])

• inspection of the first hull (or a hull representing the
large series production).

5.2.2  Examination of hull structure drawings
The structure drawing examination is to be carried out as
defined in [2].

5.2.3  Examination of certain items of equipment
The equipment requiring a particular drawing examination
is defined in the Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2]). As a general rule,
this equipment consists mainly in portholes, deck hatches
and doors.

This examination may be carried out as defined in the Soci-
ety’s Rules or through an homologation process, at the satis-
faction of the Society.

5.2.4  Inspection
The purpose of the inspection, carried out by a Surveyor of
the Society according to [3] on the initial hull of the series
(or a representative hull of the series), is to make surveys at
yard during unit production with regards to approved draw-
ings, yard's response to comments made by the Society dur-
ing structure review examination and construction
requirements.

5.2.5  Type Approval Certificate
A Type Approval Certificate (TAC) is issued for the initial
hull covered by the type approval procedure.

5.3 Quality system documentation

5.3.1  The quality system documentation submitted to the
Society is to include the information required in [3.1] and in
NR320 as amended.
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5.4 Manufacturing, testing and inspection 
plan (MTI plan) prepared by the Shipyard

5.4.1  For each type of hull, the manufacturing, testing and
inspection plan is to detail specifically:

a) Materials:

Special requirements of the supplier (storage conditions,
type of checks to be performed on incoming products
and properties to be tested by the yard before use).

• Storage conditions:

Information about storage sites (ventilation condi-
tions, supplier data sheets specifying the storage
conditions, listing documents to record arrival and
departure dates for consignment). 

• Reception:

Information about consignment (traceability of con-
signment specifying date of arrival, type of inspec-
tion, check on product packaging, types of specific
tests performed).

• Traceability:

Description of the yard process to ensure traceability
of the materials from the time of the reception to the
end of the production operations.

b) Hull construction:

Description of the yard process to ensure that the scant-
lings and construction meet the rule requirements in
relation to the approved drawings.

c) Installation of internal structure:

Information about the main operations of the internal
structure installation.

d) Equipment:
The main equipment to be covered by the rules of the
Society are portholes, windows and deck hatches,
watertight doors, independent tanks and rudders, the
scheduled tests and traceability on the equipment upon
arrival and/or after installation.    

e) Testing and damage reference documents:
For all the previously defined MTI plan processes, pro-
cedures are to be written, defining the types of tests or
inspections performed, the acceptance criteria and the
means of handling non-conformities.   

5.5 Society’s certificate

5.5.1  Certificate of recognition
After completion of the examination, by the Society, of the
quality assurance manual, the MTI plan and the yard audit,
a Certificate of recognition may be granted as per the provi-
sions of NR320 as amended.

5.5.2  Certificate of conformity
Each hull may be certified individually upon request made
to the Society. 

A certificate of conformity is to be issued by the Yard and
endorsed by the Society for each hull to be surveyed as far
as Classification or Certification is concerned.

5.6 Other certification scheme for produc-
tion in large series

5.6.1  Other certification scheme for production in large
series, based on NR320 Classification Scheme of Materials
and Equipment may be considered by the Society on a case
by case basis.
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APPENDIX 1 ALUMINIUM PROPERTIES

1 Mechanical properties

1.1 General

1.1.1  The mechanical properties of the aluminium alloys in
delivery condition are reminded in Tab 1 and Tab 2, for
information only.
Note 1: The present Tables come from NR216 Materials and Weld-
ing. It may be necessary to ensure that these Tables are still the
same than those defined in the issue in force of NR216 Materials
and Welding.

The mechanical characteristics given in Tab 1 and Tab 2
correspond to general standards values. For more informa-
tion, refer to the minimum values guaranted by the manu-
facturer supplier.

1.2 Minimum yield stress for scantling criteria 
of hull structure

1.2.1  The minimum yield stresses of aluminium alloys to
take into account for the check of hull structure are defined
in Sec 2.

Table 1 : Mechanical properties for rolled products with 3 mm ≤ t ≤ 50 mm

Grade Temper condition
Thickness t 

(mm)
Yield strength Rp 0,2 min 

(N/mm2)
Tensile strength Rm min 

or range (N/mm2)

Elongation min (%)  (1)

A50 mm A5d

5083

O / H111 3 ≤ t ≤ 50 125 275 - 350 16 14

H112 3 ≤ t ≤ 50 125 275 12 10

H116 3 ≤ t ≤ 50 215 305 10 10

H321 3 ≤ t ≤ 50 215 - 295 305 - 385 12 10

5383

O / H111 3 ≤ t ≤ 50 145 290 17

H116 3 ≤ t ≤ 50 220 305 10 10

H321 3 ≤ t ≤ 50 220 305 10 10

5059

O 3 ≤ t ≤ 50 160 330 24

H111 3 ≤ t ≤ 50 160 330 24 24

H116
3 ≤ t ≤ 20 270 370 10 10

20 < t ≤ 50 260 360 10 10

H321
3 ≤ t ≤ 20 270 370 10 10

20 < t ≤ 50 260 360 10 10

5086

O / H111 3 ≤ t ≤ 50 95 240 - 305 16 14

H112
3 ≤ t ≤ 12,5 125 250 8

12,5 < t ≤ 50 105 240 9

H116 3 ≤ t ≤ 50 195 275 10  (2) 9

5754 O / H111 3 ≤ t ≤ 50 80 190 - 240 18 17

5456

O
3 ≤ t ≤ 6,3 130 - 205 290 - 365 16

6,3 < t ≤ 50 125 - 205 285 - 360 16 14

H116

3 ≤ t ≤ 30 230 315 10 10

30 < t ≤ 40 215 305 10

40 < t ≤ 50 200 285 10

H321

3 ≤ t ≤ 12,5 230 - 315 315 - 405 12

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 2 : Mechanical properties for extruded products with 3 mm ≤ t ≤ 50 mm

Grade Temper condition Thickness t (mm)
Yield strength Rp 0,2 min 

(N/mm2)
Tensile strength Rm min 

or range (N/mm2)

Elongation min (%) (1) (2)

A50mm A5d

5083

O 3 ≤ t ≤ 50 110 270 - 350 14 12

H111 3 ≤ t ≤ 50 165 275 12 10

H112 3 ≤ t ≤ 50 110 270 12 10

5383

O 3 ≤ t ≤ 50 145 290 17 17

H111 3 ≤ t ≤ 50 145 290 17 17

H112 3 ≤ t ≤ 50 190 310 13

5059 H112 3 ≤ t ≤ 50 200 330 10

5086

O 3 ≤ t ≤ 50 95 240 - 315 14 12

H111 3 ≤ t ≤ 50 145 250 12 10

H112 3 ≤ t ≤ 50 95 240 12 10

6005A

T5 3 ≤ t ≤ 50 215 260 9 8

T6
3 ≤ t ≤ 10 215 260 8 6

10 < t ≤ 50 200 250 8 6

6060 (3) T5
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

6082

T5 3 ≤ t ≤ 50 230 270 8 6

T6
3 ≤ t ≤ 5 250 290 6

5 < t ≤ 50 260 310 10 8

(1) The values are applicable for longitudinal and transverse tensile test specimens as well.
(2) Elongation in 50 mm applies for thicknesses up to and including 12,5 mm and in 5d for thicknesses over 12,5 mm.
(3) 6060 alloy is not to be used for structural members sustaining dynamic loads (slamming and impact loads). The use of 6106

alloy is recommended in that case.
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APPENDIX 2 BUCKLING ANALYSIS

Symbols

E : Young’s modulus, in N/mm2, to be taken as a
general rules equal to 70000 N/m2

ν : Poisson’s ratio of the material, to be taken as a
general rules equal to 0,3

Ry : Specified minimum yield stress as defined in
Sec 2, [2.3.1]

a : Length of the longer side of the plate panel, in
mm

b : Length of the shorter side of the plate panel, in
mm

α : Aspect ratio of the plate panel, to be taken as:

σx : Stress applied on the shorter side b of the plate
panel 

σy : Stress applied on the longer side a of the plate
panel

τ : Applied shear stress, in N/mm2

σE : Elastic buckling reference stress, in N/mm2, to
be taken as:

tp : Thickness, in mm, of the plating considered

s : Spacing, in m, between stiffeners

hw, tw, bf-out :Dimensions of the stiffener, in mm, as defined
in Fig 1

bf : Total breath, in mm, of the flange

tp, tw, tf : Thickness, in mm, of the attached plating, web
and flange.

1 General

1.1 Application

1.1.1  The requirements of this Appendix apply for the
buckling check of aluminium structure subjected to:

• for plates:

- compression and shear stresses induced by overall
bending moment and shear forces due to global hull
girder loads (see [2.3] and [2.4])

- compression stress in attached plating of stiffeners
induced by local loads (see [3.4.7]).

Note 1: When the plate is submitted to local compression loads,
the buckling check may be carried out taking into account the
compression stress applied to the plate induced by local loads
and requirements defined in [2.3] and [2.4].

• for stiffeners: compression and shear stresses induced by
overall bending moment and shear forces due to global
hull girder loads (see [3.3]) and/or by local loads (see
[3.4]).

2 Buckling analysis for plating

2.1 Calculation hypothesis

2.1.1  General
a) The buckling approach defined in the present Appendix

is based on the NI 615 Buckling Assessment of Plated
Structures, taking into account the following simplifying
hypothesis: 
• the applied compression stress is considered as uni-

form along the edges of the plate (the edge ratio Ψ
according to NI 615 is taken equal to 1)

Note 1: When the applied compression stress along the edges of
the plate is not uniform (ratio Ψ different from 1), the
applied stress to consider in the present Appendix is to be
taken equal to the maximum applied compression stress
along the edge

• when the buckling check is carried out with bi-axial
compression hypothesis, the stresses σx and σy are as
a general rule determined by finite element calcula-
tion or direct calculation. 

Note 2: When the compression stress applied on the edge not
directly loaded by the global loads is not determined by
FEM or direct calculation, this compression stress may be
considered as null.

• plate panels are considered as being simply sup-
ported on their edges.

b) The buckling approach defined in NI615 Buckling
Assessment of Plated Structures may be taken into
account instead of the present simplify method when
deemed necessary.

2.2 Sign convention for normal stresses

2.2.1  In the present Appendix, compression and shear
stresses are to be taken as positive.
Tensile stresses are to be taken as negative.

2.3 Critical stress under buckling

2.3.1  Critical buckling stress by compression of the 
shorter edge of the panel

The ultimate buckling stress of plate panels, in N/mm2,
induced by compression of the shorter edge of panel,
according to Fig 1, is to be taken as:

σcx’ = Cx Ry

α a
b
---=

σE
π2 E

12 1 ν2–( )
--------------------------  tp

b
--- 

 
2

=
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where:

Cx : Coefficient equal to

Cx = 1,00 for λ ≤ 0,84

λ : Reference degree of slenderness, to be taken as:

Kx : Buckling factor equal to 4

Figure 1 : Compression on the shorter edge of the 
panel

2.3.2  Critical buckling stress by compression of the 
longer edge of the panel

The ultimate buckling stress of plate panel, in N/mm2,
induced by compression of the longer edge of panel,
according to Fig 2 is to be taken as:

σcy’ = Cy Ry

where:

λ : Reference degree of slenderness, to be taken as:

R : Coefficient equal to:

R = 0,22 for λ ≥ 0,84

Figure 2 : Compression of the longer edge of the 
panel

2.3.3  Critical shear buckling stress
The ultimate shear buckling stress of plate panels, in
N/mm2, according to Fig 3 is to be taken as:

where:

Ct : Coefficient equals to:

λ : Reference degree of slenderness, to be taken as:

Figure 3 : Shear stress

2.4 Buckling check criteria

2.4.1  General
The buckling strength or capacity defined in the present
Article takes into account the internal redistribution of loads
depending on the load situation, slenderness and type of
structure.

2.4.2  Scantling criteria
The plate scantling is to fulfill the following conditions:

•

with:

Cx 1 13 1
λ
--- 0 22,

λ2
-------------– 

 ,=   for λ 0 84,>

λ Ry

KxσE

-----------=

a

btp

x x

Cy 1 13 1
λ
--- R F2 H R–( )+

λ2
-------------------------------------–,=
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KyσE
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  2
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• when σx ≥ 0 (compressive)

• when σy ≥ 0 (compressive)

•

where:

σx , σy : Actual normal stresses applied on the plate
panel, in N/mm2, respectively in the shorter
edge and the longer edge of the panel, taking
into account the sign convention for normal
stresses defined in [2.2]

τ : Actual shear stress applied on the plate panel,
in N/mm2, taking into account the sign conven-
tion for normal stresses defined in [2.2]

σcx’ : Ultimate buckling stress, in N/mm2, in the
shorter edge of the panel, as defined in [2.3.1]

σcy’ : Ultimate buckling stress, in N/mm2, in the
longer edge of the buckling panel, as defined in
[2.3.2]

τc’ : Ultimate buckling shear stresses, in N/mm2, as
defined in [2.3.3]

SF : Safety buckling factor SFbuck defined in the Soci-
ety Rules for the classification and/or certifica-
tion of ships (see Sec 1, [1.1.2])

B, e0 : As defined in Tab 1

Table 1 : Coefficients B and e0

2.4.3  Plate capacity
For information, the plate limit state is based on the follow-
ing interaction formula:

•

• when σx ≥ 0 (compressive)

• when σy ≥ 0 (compressive)

•

where:

γc : Applied stress multiplier factor involving the
plate buckling failure of the above different limit
state

The stress multiplier factor as failure,γc, is taken as:

γc = Min (γc1; γc2; γc3; γc4)

3 Buckling analysis for stiffeners

3.1 Recommended proportions of stiffeners

3.1.1  General
As a rule, the proportion of stiffeners are to be as defined in
the present Sub-article. Other proportions may be consid-
ered if the buckling assessment under axial loads or under
local loads is carried out according to [3.3]and [3.4]. 

Pillars and vertical bulkhead stiffeners acting as pillar are to
be examined according to Sec 8.

3.1.2  Recommended proportions of stiffeners
As a rule, the proportions of stiffeners are to satisfy the fol-
lowing criteria:

a) Stiffener web plate:

b) Stiffener flange:

bf ≥ 0,25 hw

where:

Cw, Cf : Slenderness coefficients given in Tab 2.

Figure 4 : Stiffener scantling parameters

Table 2 : Slenderness coefficients

Applied stresses B e0

σx ≥ 0 and σy ≥ 0 0,7 − 0,3 βp / α2

σx < 0 or σy < 0 1,0 2,0

Note 1:
βp : Plate slenderness parameter taken as:

Ω B
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3.2 Sign convention for stresses

3.2.1  General

In the present Article, compressive and shear stresses are to
be taken as positive, tension stresses are to be taken as neg-
ative.

3.3 Buckling check induced by global axial 
loads

3.3.1  General

The critical buckling stress for secondary or primary sup-
porting member is to be obtained, in N/mm2, from the fol-
lowing formulae:

where:

σE = min (σE1, σE2, σE3)

σE1 : Euler column buckling stress, in N/mm2, given
in [3.3.2]

σE2 : Euler torsional buckling stress, in N/mm2, given
in [3.3.3]

σE3 : Euler web buckling stress, in N/mm2, given in
[3.3.4].

3.3.2  Column buckling stress

The Euler column buckling stress is obtained, in N/mm2,
from the following formula:

Ie : Moment of inertia, in cm4, of the stiffener with
attached shell plating of width be, about its neu-
tral axis parallel to the plating

Ae : Sectional area, in cm2, of the stiffener with
attached plating of width be.

 : Span, in m, of the stiffener

3.3.3  Torsional buckling stress

The Euler torsional buckling stresses is obtained, in N/mm2,
from the following formula:

where:

 : Span, in m, of the stiffener

Iw : Sectoral moment of inertia, in cm6, of the stiff-
ener about its connection to the attached plat-
ing:

• for flat bars:

• for T-sections:

• for angles and bulb sections:

Ip : Polar moment of inertia, in cm4, of the stiffener
about its connection to the attached plating:

• for flat bars:

• for stiffeners with face plate:

It : St. Venant’s moment of inertia, in cm4, of the
stiffener without attached plating:

• for flat bars:

• for stiffeners with face plate:

m : Number of half waves, to be taken equal to the
integer number such that (see also Tab 3):

Table 3 : Number m of half waves

3.3.4  Web buckling stress

The Euler buckling stress σE3 of the stiffener web is obtained,
in N/mm2, from the following formulae:

• for flat bars:

• for built up stiffener with symmetrical flange:
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3.3.5  Buckling check criteria

The critical buckling stress of the secondary or primary sup-
porting member is to comply with the following formula:

where:

σc : Critical buckling stress, in N/mm2, as calculated
in [3.3.1]

σ : Actual global axial compression stress in the
stiffener, in N/mm2, induced by the overall hulol
girder loads

SF : Safety buckling factor SFbuck defined in the Soci-
ety Rules for the classification and/or certifica-
tion of ships (see Sec 1, [1.1.2]).

3.4 Buckling check induced by local bend-
ing and shear loads 

3.4.1  General

As a rule, the present Sub Article is to be applied for pri-
mary structure elements.

This Sub Article may be also considered for secondary stiff-
eners when deemed necessary as specify in [3.1.2].

3.4.2  Calculation hypothesis

The buckling approach defined in the present Artile is based
on the NI 615 Buckling Assessment of Plated Structures,
taking into account the following simplifying hypothesis: 

a) Web:

• the web panels are considered as being simply sup-
ported on their edge, except for flat bar where the
top of the web is considered free 

• the bending stress in the web in way of the attached
plating is considered equal to 0.

b) Flange:

the flange panel is considered as being simply sup-
ported on three edges.

The buckling approach defined in N I615 Buckling Assess-
ment of Plated Structures may be taken into account instead
of the present simplify method when deemed necessary.

3.4.3  Buckling check area of the stiffeners

The buckling areas and the values of local bending
moments and shear forces to consider when a buckling
check is carried out are defined in Tab 4 for the different
stiffener elements.

Table 4 : Buckling check area

σc σ SF⋅≥

Stiffener element Type of load
End stiffener 
conditions

Buckling under bending Buckling under shear for web

Area to be 
checked

Value of bending 
moment M’, 

in kNm

Area to be 
checked

Value of shear 
force T’, 

in kN

Attached plating 
(according to 
[3.4.7])

Sea pressure or 
deck loads

Fixed Mid span M/2 NA NA

simply supported 
or intermediate 
conditions

Mid span M NA NA

Internal 
pressure

Fixed End M NA NA

simply supported 
or intermediate 
conditions

NA NA NA NA

Web and flange 
(according to 
[3.4.5] or [3.4.6])

Sea pressure or 
deck loads

Fixed End M End T

simply supported 
or intermediate 
conditions

NA NA End T 

Internal 
pressure

Fixed Mid span M/2 End T  (1)

simply supported 
or intermediate 
conditions

Mid span M End T (1)

Note 1: M and T are the bending moments, in kNm, and shear forces, in kN, induced by local loads to be taken equal to:
M = Z.σloacam.10-3

T = Ash.τlocam.10-1

where:
Z, Ash, σlocam, τlocam:As defined in Sec 6, [4.2.2] a)
Note 2: NA: Not applicable
(1) Bending stress and shear stress buckling are to be examined independently
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3.4.4  Buckling reference stress
The elastic buckling reference stress, in N/mm2, is to be
taken as:

where:
t : Thickness, in mm, of the considered element of

the stiffener (tw, tfl or tp) 

b : Height of web hw or breadth of flange bf-out, or
shorter edge of the attached plating, in mm. 

3.4.5  Flat bar
a) The ultimate buckling stress of the web of flat bar, in

N/mm2, induced by local bending stress is to be taken
as:
σcx’ = Cx Ry

where:
Cx : Coefficient equal to:

α = w/hw

w : length of the web, in mm, between vertical
web stiffener

b) The ultimate buckling stress of the web of flat bar
induced by local shear stress, in N/mm2, is to be taken
as: 

where:
Ct : Coefficient equal to:

α = w/hw

w : length of the web, in mm, between vertical
web stiffener

c) Buckling check criteria:
The web scantling is to fulfill the following condition:

where:

σx : Actual bending stress applied to the top of
the web, in N/mm2,equal to:

τ : Actual web shear stress, in N/mm2, to be
taken equal to:

M’, T’ : As defined in Tab 4
Zacttop : Actual flat bar modulus, in cm3, calculated

at the top of the flat bar
Aact : Actual flat bar shear section, in cm2, of the

flat bar
σcx’ : Ultimate buckling stress, in N/mm2, defined

in a)
τc’ : Ultimate buckling shear stresses, in N/mm2,

defined in b)
SF : Safety buckling factor SFbuck defined in the

Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2])

3.4.6  T-bar and angle bar
a) The ultimate buckling stress of the web of T-bar and

angle bar, in N/mm2, induced by local bending stress is
to be taken as:
σcx’ = Cx Ry

where:
Cx : Coefficient equals to:

Cx = 1,0 for λ ≤ λc

Kx = 7,63

b) The ultimate buckling stress of the web of T-bar and
angle induced by local shear stress, in N/mm2, is to be
taken as: 

where:

Ct : Coefficient equals to:
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α = w/hw

w : length of the web, in mm, between vertical
web stiffener

c) The ultimate buckling stress of the flange of T-bar and
angle bar, in N/mm2, induced by local bending stress is
to be taken as:

σcx’ = Cx Ry

where:

Cx : Coefficient equals to:

α = w/bf-out

w : length of the flange, in mm, between flange
tripping bracket

d) Buckling check criteria:

• The web scantling is to fulfill the following condi-
tion:

where:

σx : Actual bending stress applied to the top
of the web, in N/mm2,equal to:

τ : Actual web shear stress, in N/mm2, to be
taken equal to:

M’, T’ : As defined in Tab 4

Zactfl : Actual stiffener modulus, in cm3, calcu-
lated at the top of the flange

Aact : Actual web shear section, in cm2, of the
stiffener

σcx’ : Ultimate buckling stress, in N/mm2,
defined in item a)

τc’ : Ultimate buckling shear stress, in N/mm2

defined in item b)

SF : Safety buckling factor SFbuck defined in
the Society Rules for the classification
and/or certification of ships (see Sec 1,
[1.1.2])

• The flange scantling is to fulfill the following condi-
tion:

where:

σ1 : Actual bending stress applied to the
flange, in N/mm2,equal to:

Zactfl : Actual stiffener modulus, in cm3, calcu-
lated at the top of the flange

σcx’ : Ultimate buckling stress, in N/mm2

defined in c)

SF :

Safety buckling factor SFbuck defined in the Society
Rules for the classification and/or certification of
ships (see Sec 1, [1.1.2])

3.4.7  Attached plating

a) General:

The buckling check of the attached plating of stiffener is
to be checked in the area where the attached plating is
submitted to compressive stresses. 

The dimensions of the attached plating to be considered
are: 

• loaded edge: spacing between stiffeners parallel to
the considered stiffener

• unloaded edge: spacing between stiffeners perpen-
dicular to the considered stiffener.

b) Case where the loaded edge is the shorter edge of the
plate:

The ultimate buckling stress of the attached plating, in
N/mm2, induced by local bending stress is to be taken
as:

σcx’ = Cx Ry

where:

Cx : Coefficient equals to:

Cx = 1,0 for λ ≤ 0,84

Kx = 4

c) Case where the loaded edge is the longer edge of the
plate:

The ultimate buckling stress of the attached plating, in
N/mm2, induced by local bending stress is to be taken
as:

σcy’ = Cy Ry

where:
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α : ratio between the longer edge and the
shorter edge of the attached plating 

R : R = 0,22 for λ ≥ 0,84

d) Buckling check criteria:
The attached plating scantling is to fulfill the following
condition:

where:
σi : Actual bending stress applied in the

attached plating in the shorter or longer
edge, in N/mm2, equal to:

Zactap : Actual stiffener modulus, in cm3, calculated
at the associated plating

SF : Safety buckling factor SFbuck defined in the
Society Rules for the classification and/or
certification of ships (see Sec 1, [1.1.2])

σc’ : Ultimate buckling stress in the shorter edge
σcx’ or in the longer edge, σcy’ in N/mm2

defined in a) or b)

b : Shorter edge of the attached plating, in mm.

3.5 Web stiffening arrangement for primary 
supporting members

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

3.5.2  The moment of inertia I, in cm4,of stiffeners of web of
primary supporting members is to be not less than the value
obtained from the following formula: 

where:

 : Length, in m, of the web stiffener (see Fig 5)

s : Spacing, in m, of web stiffeners (see Fig 5)

tw : Web thickness, in mm, of the primary support-
ing member

Ry : Minimum yield stress, in N/mm2, as defined in
Sec 2, [2.3], of the material of the web of pri-
mary supporting member.

3.5.3  As a general rule, tripping brackets welded to the face
plate (see Fig 6), to avoid its buckling, are generally to be
spaced not more than 2 m and fitted:

• at rounded and knuckle face plates

• at the toe of end brackets

• in way of cross ties

• in way of concentrated loads

• every fourth spacing of secondary stiffeners.

Where the width of the symmetrical face plate is greater
than 200 mm, backing brackets are to be fitted in way of the
tripping brackets.

Figure 5 : Web stiffeners for primary 
supporting members 

Figure 6 : Primary tripping bracket 

3.5.4  The arm length d of the tripping brackets, in m, is to
be not less than the greater of the following values:

where:

b : Height, in m, of the tripping brackets, as shown
in Fig 6

st : Spacing, in m, of the tripping brackets

t : Thickness, in mm, of the tripping brackets.
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3.5.5  Tripping brackets with a thickness, in mm, less than
22 times the length in m of the free edge of the bracket are
to be flanged or stiffened by a welded face plate.

The sectional area, in cm2, of the flanged edge or the face
plate is to be not less than 10 times the length in m of the
free edge of the bracket.
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