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BUREAU
VERITAS

ARTICLE 1

1.1. - BUREAU VERITAS is a Society the purpose of whose Marine & Offshore Division (the "Society") is
the classification (" Classification ") of any ship or vessel or offshore unit or structure of any type or part of
it or system therein collectively hereinafter referred to as a "Unit" 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.

The Society:

+ "prepares and publishes Rules for classification, Guidance Notes and other documents (" Rules ");

+ "issues Certificates, Attestations and Reports following its interventions (" Certificates ");

+ "publishes Registers.

1.2. - The Society also participates in the application of National and International Regulations or Stand-
ards, in particular by delegation from different Governments. Those activities are hereafter collectively re-
ferred to as " Certification ".

1.3. - The Society can also provide services related to Classification and Certification such as ship and
company safety management certification; ship and port security certification, training activities; all activi-
ties and duties incidental thereto such as documentation on any supporting means, software, instrumen-
tation, measurements, tests and trials on board.

1.4. - The interventions mentioned in 1.1., 1.2. and 1.3. are referred to as " Services ". The party and/or its
representative requesting the services is hereinafter referred to as the " Client ". The Services are pre-
pared and carried out on the assumption that the Clients are aware of the International Maritime
and/or Offshore Industry (the "Industry") practices.

1.5. - The Society is neither and may not be considered as an Underwriter, Broker in ship's sale or char-
tering, Expert in Unit's valuation, Consulting Engineer, Controller, Naval Architect, Manufacturer, Ship-
builder, Repair yard, Charterer or Shipowner who are not relieved of any of their expressed or implied
obligations by the interventions of the Society.

ARTICLE 2

2.1. - Classification is the appraisement given by the Society for its Client, at a certain date, following sur-
veys by its Surveyors along the lines specified in Articles 3 and 4 hereafter on the level of compliance of
a Unit to its Rules or part of them. This appraisement is represented by a class entered on the Certificates
and periodically transcribed in the Society's Register.

2.2. - Certification is carried out by the Society along the same lines as set out in Articles 3 and 4 hereafter
and with reference to the applicable National and International Regulations or Standards.

2.3. - It is incumbent upon the Client to maintain the condition of the Unit after surveys, to present
the Unit for surveys and to inform the Society without delay of circumstances which may affect the
given appraisement or cause to modify its scope.

2.4. - The Client is to give to the Society all access and information necessary for the safe and efficient
performance of the requested Services. The Client is the sole responsible for the conditions of presenta-
tion of the Unit for tests, trials and surveys and the conditions under which tests and trials are carried out.
ARTICLE 3

3.1. - The Rules, procedures and instructions of the Society take into account at the date of their
preparation the state of currently available and proven technical knowledge of the Industry. They
are a collection of minimum requirements but 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.

Committees consisting of personalities from the Industry contribute to the development of those docu-
ments.

3.2. - The Society only is qualified to apply its Rules and to interpret them. Any reference to them
has no effect unless it involves the Society's intervention.

3.3. - The Services of the Society are carried out by professional Surveyors according to the applicable
Rules and to the Code of Ethics of the Society. Surveyors have authority to decide locally on matters re-
lated to classification and certification of the Units, unless the Rules provide otherwise.

3.4. - The operations of the Society in providing its Services are exclusively conducted by way of ran-
dom inspections and do not in any circumstances involve monitoring or exhaustive verification.
ARTICLE 4

4.1. - The Society, acting by reference to its Rules:

"reviews the construction arrangements of the Units as shown on the documents presented by the Cli-
ent;

"conducts surveys at the place of their construction;

"classes Units and enters their class in its Register;

"surveys periodically the Units in service to note that the requirements for the maintenance of class are
met.

The Client is to inform the Society without delay of circumstances which may cause the date or the
extent of the surveys to be changed.

ARTICLE 5

5.1. - The Society acts as a provider of services. This cannot be construed as an obligation bearing
on the Society to obtain a result or as a warranty.

5.2. - The certificates issued by the Society pursuant to 5.1. here above are a statement on the level
of compliance of the Unit to its Rules or to the documents of reference for the Services provided for.

In particular, the Society does not engage in any work relating to the design, building, production
or repair checks, neither in the operation of the Units or in their trade, neither in any advisory serv-
ices, and cannot be held liable on those accounts. Its certificates cannot be construed as an im-
plied or express warranty of safety, fitness for the purpose, seaworthiness of the Unit or of its value
for sale, insurance or chartering.

5.3. - The Society does not declare the acceptance or commissioning of a Unit, nor of its construc-
tion in conformity with its design, that being the exclusive responsibility of its owner or builder.
5.4. - The Services of the Society cannot create any obligation bearing on the Society or constitute any
warranty of proper operation, beyond any representation set forth in the Rules, of any Unit, equipment or
machinery, computer software of any sort or other comparable concepts that has been subject to any sur-
vey by the Society.
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ARTICLE 6

6.1. - The Society accepts no responsibility for the use of information related to its Services which was not
provided for the purpose by the Society or with its assistance.

6.2. - If the Services of the Society or their omission cause to the Client a damage which is proved
to be the direct and reasonably foreseeable consequence of an error or omission of the Society,
its liability towards the Client is limited to ten times the amount of fee paid for the Service having
caused the damage, provided however that this limit shall be subject to a minimum of eight thou-
sand (8,000) Euro, and to a maximum which is the greater of eight hundred thousand (800,000)
Euro and one and a half times the above mentioned fee. These limits apply regardless of fault in-
cluding breach of contract, breach of warranty, tort, strict liability, breach of statute, etc.

The Society bears no liability for indirect or consequential loss whether arising naturally or not as
a consequence of the Services or their omission such as loss of revenue, loss of profit, loss of pro-
duction, loss relative to other contracts and indemnities for termination of other agreements.

6.3. - All claims are to be presented to the Society in writing within three months of the date when the Serv-
ices were supplied or (if later) the date when the events which are relied on of were first known to the Client,
and any claim which is not so presented shall be deemed waived and absolutely barred. Time is to be in-
terrupted thereafter with the same periodicity.

ARTICLE 7

7.1. - Requests for Services are to be in writing.

7.2. - Either the Client or the Society can terminate as of right the requested Services after giving
the other party thirty days' written notice, for convenience, and without prejudice to the provisions
in Article 8 hereunder.

7.3. - The class granted to the concerned Units and the previously issued certificates remain valid until the
date of effect of the notice issued according to 7.2. here above subject to compliance with 2.3. here above
and Article 8 hereunder.

7.4. - The contract for classification and/or certification of a Unit cannot be transferred neither assigned.
ARTICLE 8

8.1. - The Services of the Society, whether completed or not, involve, for the part carried out, the payment
of fee upon receipt of the invoice and the reimbursement of the expenses incurred.

8.2. - Overdue amounts are increased as of right by interest in accordance with the applicable leg-
islation.

8.3. - The class of a Unit may be suspended in the event of non-payment of fee after a first unfruitful
notification to pay.

ARTICLE 9

9.1. - The documents and data provided to or prepared by the Society for its Services, and the information
available to the Society, are treated as confidential. However:

"Clients have access to the data they have provided to the Society and, during the period of classifica-
tion of the Unit for them, to the classification file consisting of survey reports and certificates which
have been prepared at any time by the Society for the classification of the Unit ;

"copy of the documents made available for the classification of the Unit and of available survey reports
can be handed over to another Classification Society, where appropriate, in case of the Unit's transfer
of class;

"the data relative to the evolution of the Register, to the class suspension and to the survey status of
the Units, as well as general technical information related to hull and equipment damages, may be
passed on to IACS (International Association of Classification Societies) according to the association
working rules;

"the certificates, documents and information relative to the Units classed with the Society may be
reviewed during certificating bodies audits and are disclosed upon order of the concerned governmen-
tal or inter-governmental authorities or of a Court having jurisdiction.

The documents and data are subject to a file management plan.

ARTICLE 10

10.1. - Any delay or shortcoming in the performance of its Services by the Society arising from an event
not reasonably foreseeable by or beyond the control of the Society shall be deemed not to be a breach of
contract.

ARTICLE 11

11.1. - In case of diverging opinions during surveys between the Client and the Society's surveyor, the So-
ciety may designate another of its surveyors at the request of the Client.

11.2. - Disagreements of a technical nature between the Client and the Society can be submitted by the
Society to the advice of its Marine Advisory Committee.

ARTICLE 12

12.1. - Disputes over the Services carried out by delegation of Governments are assessed within the
framework of the applicable agreements with the States, international Conventions and national rules.
12.2. - Disputes arising out of the payment of the Society's invoices by the Client are submitted to the Court
of Nanterre, France, or to another Court as deemed fit by the Society.

12.3. - Other disputes over the present General Conditions or over the Services of the Society are
exclusively submitted to arbitration, by three arbitrators, in London according to the Arbitration
Act 1996 or any statutory modification or re-enactment thereof. The contract between the Society
and the Client shall be governed by English law.

ARTICLE 13

13.1. - These General Conditions constitute the sole contractual obligations binding together the
Society and the Client, to the exclusion of all other representation, statements, terms, conditions
whether express or implied. They may be varied in writing by mutual agreement. They are not var-
ied by any purchase order or other document of the Client serving similar purpose.

13.2. - The invalidity of one or more stipulations of the present General Conditions does not affect the va-
lidity of the remaining provisions.

13.3. - The definitions herein take precedence over any definitions serving the same purpose which may

appear in other documents issued by the Society. Doc u m e nts
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SECTION 1 GENERAL

1 Scope

1.1 Application

1.1.1 The present Guidance Note provides the methodolo-
gies, requirements and recommendations to be considered
in the evaluation of top chain combined fatigue under ten-
sion loading, in-plane bending loading and out-of-plane
bending loading for the classification of permanently
moored offshore units.

1.1.2 In the present Guidance Note, the top chain corre-
sponds to the 20 first chain links of the mooring line after
fairlead chain stopper.

1.1.3 The requirements of the present Guidance Note are
complementary to provisions of Rule Notes listed in [3.1.1]
for granting the POSA notation to permanent offshore float-
ing units.

1.1.4 The evaluation of combined fatigue at top chain con-
nection is to be performed when the pretension in mooring
lines at intermediate draft is higher than 10% of the Mini-
mum breaking strength of a chain of the same diameter in
Oil Rig Quality (ORQ) grade and when the design life on
site is higher than 2 years.

2 Definition

2.1 Top chain combined fatigue

2.1.1 Loadings in Top chain

Chains in mooring lines are designed to resist tension loads
in line with chain direction. Far from connection points, the
angular variation between two chain links is negligible and
the assumption of pure tension loading is valid. However, at
connection points such as chain stoppers, when one link is
forced to rotate with regards to the adjacent link, higher
bending moments are imposed in the first following links,
generating additional fatigue damage.

At fairlead/chain-stopper location, the motions and rota-
tions of the vessel are imposed to the fairlead and the link
retained in fairlead pocket whereas the motions of the
mooring lines, following mooring line catenary, are
imposed to the adjacent chain links.

Due to the angular differences between fairlead and chain
and to friction between links, high bending moments are
imposed to the first links of the top chain.

2.1.2 Chain bending modes

Roll between chain links is largely prevented by the chain
proofloading during fabrication (imprint of a pocket at con-
tact area between links).
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Between two links, the following two main behaviours in
bending can thus develop:

e A sticking mode: static friction mode where adjacent
links behave as locked.

e A sliding mode: dynamic friction mode when interlink
moment is exceeding friction limit.

The different behaviours define a non-linear interlink stiffness.

2.1.3 In-plane and out-of-plane bending of top chains
Three different bending modes can be defined depending
on the direction of the bending moment:

* An in-plane bending (IPB) mode where the link is bent
within its main symmetry plane.

e An out-of-plane bending (OPB) mode where the link is
bent out of its main plane.

¢ A torsional mode where the link is in torsion around its
main axis. This mode can generally be neglected for
combined fatigue evaluation in the top chain.

The interlink stiffness naturally relates two adjacent links
whose plane are at right angles.

2.1.4 Combined stresses in top chain
Three loadings of the chain and resulting stresses are thus to

be defined:

e Tension-tension (TT) loading due to axial tension loads
in the link.

* In-plane bending (IPB) loadings due to bending in the
main plane of the link.

e Out-of-plane bending (OPB) loadings due to bending
out of the main plane of the link.

The loading of the chain can be decomposed within these
three types of loading and the resulting stresses are to be
combined in order to obtain the total stress for fatigue dam-
age evaluation.

3 References

3.1

3.1.1  Rule Notes
e NR445, Rules for the Classification of Offshore Units

e NR493, Classification of Mooring Systems for Perma-
nent Offshore Units

e NR494, Rules for the Classification of Offshore Loading
and Offloading Buoy.

3.1.2 Other reference documents
e (QOTC 17238

Failure of Chains by Bending on Deepwater Mooring
Systems, PJean, K.Goessens, D.L'Hostis, Offshore Tech-
nology conference, May 2005
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¢ OMAE 67353 ¢ RR-M-86-007

Chain Out of Plane Bending - JIP Report, L.Rampi, May

Out-of-Plane Bending Testing of Chain Links, C.Melis, 2013

PJean, P.Vargas, International Conference on Offshore
Mechanics and Arctic Engineering, June 2005

4 Methodology
e OMAE 67354

FEA of Out-of-Plane Fatigue Mechanism of Chain Links, 4.1  General methodology

P.Jean, P.Vargas, International Conference on Offshore

. ) X ) 4.1.1 The methodology for OPB calculation methodology
Mechanics and Arctic Engineering, June 2005

can be divided into 3 steps:
e OMAE 92488  fatigue mooring simulations
¢ interlink stiffness computation

Fatigue Testing of Out-of-Plane Bending Mechanism of e fatigue damage evaluation

Chain Links, L.Rampi, P.Vargas, International Confer-
ence on Offshore Mechanics and Arctic Engineering, Details of the methodology are presented in the following
June 2006 graphs.

Figure 1 : General methodology

Fatigue mooring analysis providing:
- Time series of tensions and angles at fairlead
for damage calculation
- Maximum angles and tensions at fairlead to be
considered for OPB/IPB interlink stiffness analysis

Details of mooring analysis in Fig 2 and Sec 2

'

OPBY/IPB interlink stiffness analysis providing relationship
for damage computation between:

- Chain angles at fairlead

- Tension at fairlead

- OPB/IPB interlink moments for the first two links
of the chain

- OPB/IPB interlink angles for the first two links of
the chain

Details of stiffness analysis in Fig 3 and Sec 3

'

Combined top chain fatigue damage computation in time domain

Details of combined damage computation in Fig 4 and Sec 3
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