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PART I CHAPTER 1
1.1 General

Chapter 1
Classification of High-Speed Craft

| 1.1  General

1.1.1  High-Speed Craft (HSC) built and surveyed in accordance with the Rules for the Construction and
Classification of High-Speed Craft (hereinafter referred to as the Rules) published by the CR Classification Society
(hereinafter referred to as the Society) or alternatives found to represent an overall safety standard equivalent to that of
the Rules (See 1.1.6 of this Part) will be assigned a class in the Register of Ships (hereinafter referred to as the Register)
and will continue to be classed so long as they are found, upon examination at the prescribed surveys, to be maintained
in a fit and efficient condition and in accordance with the requirements of the Rules.

The Rules is applicable to high-speed craft constructed of steel, aluminum, or FRP and having V/+/L. not less than 2.36

where L is as defined in 1.1.2 of Part Il and V is as defined in 1.1.18 of Part I11. Applicable craft type and length are as
follows:

Application Limits
Craft Type Applicable Length
Mono-hull <130m
Multi-hull <100 m
Surface Effects Ship (SES) <90m
Hydrofoil <60m

Craft which have lengths that are in excess of the above table may be classed using the requirements in the Rules, as
applicable, providing that requirements in 2.1 and 2.2 of Part 111 of the Rules are verified by theoretical prediction, first
principles analysis, and model testing.

The craft will at all times be in reasonable proximity to a place of refuge, having due regard to the following:

(a) Passenger craft which do not proceed in the course of their voyage more than 4 hours at 90% of maximum
speed from a place of refuge; and

(b) Cargo craft of 500 gross tonnage and upwards which do not proceed in the course of their voyage more than
8 hours at 90% of maximum speed from a place of refuge when fully laden.

1.1.2  Classification will be conditional upon compliance with the Rules in respect of both hull and machinery (i.e.,
main and auxiliary engines, boilers, essential appliances, pumping arrangements and electrical equipment). The products
including the equipment, components, systems and materials intended for classed craft or craft to be classed are to
comply with the requirments in "Guidelines for Survey of Product for Marine Use".

1.1.3  The Rules are framed on the understanding that craft will be properly loaded and handled; they do not, unless
stated in the class notation, provide for special distributions or concentrations of loading. The Society may also require
additional strengthening to be fitted in any craft which, in their opinion, may be subjected to severe stresses due to
particular features in her design, or when it is desired to make provisions for exceptionally loaded or ballasted conditions.
In these cases particulars are to be submitted for consideration.

1.1.4  The stability of the craft is to be sufficient and in compliance with the requirements of governmental authority
or International Conventions and Codes and Part I Chapter 30 and 30A of the Rules for Steel Ships, as applicable.

1.1.5 The Rules do not cover certain technical characteristics, such as trim, hull vibration, etc., but the Society is
willing to advise on such matters although it cannot assume responsibility for them.

1.1.6  Alternatives are to be accepted, provided that they are considered by the Society to be equivalent to the Rules.
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1.1 General

1.1.7  The construction of craft which involves novel features of design in respect of hull, machinery or equipment
and to which the provisions of the Rules are not directly applicable may be classed, when approved by the Society on
the basis that the Rules insofar as applicable have been complied with and that special consideration based on the best
information available at the time has been given to the novel features. The Rules are framed on the understanding that
crafts are not to be operated in environmental conditions more than those agreed for the design basis and approval,
without the prior agreement of the Society.

1.1.8 Register

Craft with their class approved by the Society are to be recorded in the Register. The Register is to be published on the
CR website and is to contain the names of craft and other useful items of information such as flag, port of registry, gross
tonnage, class notations, owners, shipbuilders, dimensions, machinery particulars, the date of build, etc.

1.1.9  Date of build

(a) The date of build is normally to be the date of completion of the classification initial survey during
construction of craft built under the inspection.

(b) If the period between launching and completion or putting a craft to use is unduly made longer than usual,
the date of launching may be additionally indicated in the Register.

(c) If a craft is not immediately put into service after completion, but is laid up for a period, the craft is to be
drydocked for examination by the Surveyor of the Society (hereinafter referred to as the Surveyor) before
proceeding to sea, and the subsequent Special Survey is based on the date of such an examination provided
that the result of such survey is satisfactory in all respects.

1.1.10 Loading conditions and any other preparations required to permit a craft with a notation specifying some service
limitation to undertake a sea-going-voyage, either from port of loading to service area or from one service area to another,
are to be in accordance with arrangement agreed by the Society prior to the voyage.

1.1.11 Damage, repairs and alternations

Any damage, defect, breakdown or grounding, which could invalidate the conditions for which a class has been assigned,
is to be reported to the Society without delay.

1.1.12 For craft, the arrangements and equipment of which are required to comply with the requirements of the
International Convention and applicable Protocols and Amendments relating thereto, such compliance is to be
demonstrated by possession of applicable Convention Certificates issued by the Government of the State whose flag the
craft is flying (hereinafter refer to as the Administration) or by any organization authorized by the Administration.

1.1.13 For craft not engaged in international voyages are to comply with the relevant regulations of the Administration.
1.1.14 Where an on-board computer system having either a longitudinal strength or a stability computation capability
or both, is provided on new craft, or newly installed on existing craft, then the system is to be certified for such use in
accordance with the Society's procedure for approval of on-board computer systems for stability calculation (Refer to
Appendix 1).

1.1.15 When longitudinal strength calculations have been required, loading guidance information is supplied to the
Master by means of a Loading Manual and in addition, when required, by means of loading instrument.

1.1.16 For all craft, new installation of materials which contain asbestos is to be prohibited.

1.1.17 Craft of length less than 24 meters may be designed and constructed in accordance with other recognized
standards, e.g. 1SO standards provided the agreement is issued by the Society.

1.1.18 Ingeneral, while references are made to IACS URs (Unified Requirements), the latest version of the documents
are to be used.

1.1.19 Direct analyses

-2 - CR CLASSIFICATION SOCIETY
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART I CHAPTER 1
1.1 General

(a) Required analyses

Direct analyses are required in particular cases to demonstrate the adequacy of the structural design, as
indicated in the Table | 1-1 and Table I 1-2.

The methods and requirements for direct analysis are in 1.3 of Part 11, as applicable.

Similarly for craft designs having the length or speed values exceeding the mentioned ones, a suitable direct
analysis is to be performed to demonstrate the adequacy of the hull girder strength. (See also 2.1.1(a)(i) and
2.1.2(a) of Part 111.)

Considerations will be given for craft which have been previously approved, or offer slight variations on the
Length/Speed based requirements above. All novel concepts will be subject to special consideration, and the
requirements may differ from the above.

The direct analyses are to be performed using an acceptable finite element method computer program. The
extent of, and boundary conditions applied to the analytical model(s) are to be appropriate to reflect
adequately the behavior of the structure. The loads to be applied to the structural model are to be based on
consideration of the design values, deck cargo and similar internal loads in the hull (accounting for dynamic
effects as appropriate), the external pressure loads (see 2.2 of Part 11, as applicable) and distribution specified
in the Rules, as applicable, and appropriate wave induced hull girder bending moment and shear force effects.
The requirements for this analysis are in 1.3 of Part Il1, as applicable.

(b) Supplementary analyses

In addition to the direct analyses required in 1.1.19(a) above, the Society may require the performance of
additional direct analyses to demonstrate and document the adequacy of other features of the hull structural
design, which are considered to be within the scope of classification. The need to provide such analyses can
arise: in the case of trimarans, stabilized slender monohulls and other unique hull forms; where structural
displacement is expected to influence (more than usually) structural response; where hull propulsion or
steering system load transmission in the hull needs to be specially addressed; to demonstrate the efficiency
of novel connection details on hull strength, etc.

For types of behavior or loading effects which are not within the scope of classification of the craft to be
classed, the Society will upon request provide advice on what it feels constitutes an appropriate analysis.
Such analyses include those for vibration and docking arrangements.

(c) Analysis scope and documentation

The scope, details and manner of documenting the analyses are to be agreed with the Society before the
analyses are done.
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Table 1 1-1
Criteria for Steel and Aluminum High-Speed Craft
Craft Type Length (L) Speed (V) Required calculations to be submitted

First principles loads® applied to a global finite
element model

Rules loads® applied to a global finite element
model

First principles loads® applied to a global finite
element model

First principles slam loads® and accelerations
applied to a global finite element model

First principles loads® applied to a global finite
element model

Coastal Craft First principles slam loads® and accelerations

91 m<L All

6lm<L<9lm V < 40 knots

High-Speed Craft
6lm<L<91lm 40 knots < V

L<6lm 40 knots <V

91 m<L All

L<91m S0 knots <V applied to a global finite element model
L<91m V <50 knots | None
Riverine Craft None None None

Notes:
(1) Refer to 1.3 of Part I1I.
(2) All loads and pressures as defined by Chapter 2 of Part 111, as applicable.

Table I 1-2
Criteria for FRP High-Speed Craft
Craft Type Length (L) Speed (V) Required calculations to be submitted

First principles slam loads® and accelerations
applied to a global finite element model
- — ) -
All All 40 knots < V Flrst.prlnuples slam_lgads and accelerations
applied to a global finite element model
L<50m V <40 knots | None

SOm<L All

Notes:
(1) Refer to 1.3 of Part III.

| 1.2 Application

The Society has the right to adopt, and publish as deemed necessary, Rules relating to classification and has (in relation
thereto) provided the following:

1.2.1  Except in the case of a special directive by the Society, no new Regulation or alteration to any existing
Regulation relating to classification character or to class notation is to be applied to existing craft.

1.2.2  Except in the case of a special directive by the Society, or where changes necessitated by mandatory
implementation of International Conventions and Codes are concerned, no new Rule or alteration in any existing Rules
is to be applied compulsorily after the date on which the contract between the ship builder and shipowner for construction
of the craft has been signed, nor within 6 months of its adoption, nor after the approval of the original midship section
or equivalent structural plans. The date of "contract for construction" of a craft is the date on which the contract to build
the craft is signed between the prospective shipowner and the shipbuilder. This date and the construction number (i.e.
hull numbers) of all the craft included in the contract are to be declared by the party applying for the assignment of class
to a newbuilding. The date of "contract for construction” of a series of sister ship, including specified optional craft for
which the option is ultimately exercised, is the date on which the contract to build the series is signed between the
prospective shipowner and the shipbuilder. In this section a "series of sister ship" is a series of craft built to the same
approved plans for classification purposes, under a single contract for construction. The optional craft will be considered
part of the same series of sister ship if the option is exercised not later than 1 year after the contract to build the series
was signed. If a contract for construction is later amended to include additional craft or additional options, the date of
"contract for construction” for such craft is the date on which the amendment to the contract is signed between the
prospective shipowner and the shipbuilder. The amendment to the contract is to be considered as a "new contract”. If a
contract for construction is amended to change the craft type, the date of “contract for construction” of this modified
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craft, is the date on which the revised contract or new contract is signed between the Owner, or Owners, and the
shipbuilder. Where it is desired to use existing approved craft or machinery plans for a new contract, written application
is to be made to the Society. Sister ship may have minor design alterations provided that such alterations do not affect
matters related to classification, or if the alterations are subject to classification requirements, these alterations are to
comply with the classification requirements in effect on the date on which the alterations are contracted between the
prospective owner and the shipbuilder or, in the absence of the alteration contract, comply with the classification
requirements in effect on the date on which the alterations are submitted to the Society for approval. Recognising the
long time period that may occur between the initial design contract and the contract for construction for offshore units
for fixed locations, the date determining effective classification requirements will be specially considered by the Society
in such cases.

1.2.3  Information contained in the reports of classification and statutory surveys will be made available to the relevant
owner, National Administration, Port State Administration and, if authorised in writing by that owner, to any other
person or organisation.

1.2.4  Information relating to the status of classification and statutory surveys and suspensions/withdrawals of class
together with any associated conditions of class will be made available as required by applicable legislation or court
order.

1.3 Classification Characters

1.3.1  All craft, when classed, will be assigned following classification characters as applicable.
1.3.2  Classification symbols

(a) CR100—This class is to be assigned to the craft's hull which in all their parts complies with the Rules for
the draught required.

(b) CMS —This class is to be assigned to the machinery including propelling and essential auxiliary machinery
and all other equipment covered by the classification which complies with the Rules.

(c) The symbol CMS will be added concurrently to a craft assigned with CR100.
1.3.3  Surveying symbols

(a) X This symbol when affixed to classification symbols means the plans of craft have been approved by the

Society in accordance with the Rules, and craft has been built to the satisfaction of the Surveyor to the
Society.

(b) »x This symbol is to be assigned to the craft has not been built under the survey of the Society but has been
constructed under the survey of a recognized society. In addition, the whole of hull and machinery will be
required to have been installed and tested to the satisfaction of the Surveyor to the Society in accordance
with the Rules of the Society.

(c) No surveying symbol are to be assigned to the hull and machinery of any craft not having been surveyed
during construction by either the Society or any other recognized party but the existing installation and
arrangement has been examined and tested and found to be acceptable to the Society.

1.3.4  Equipment symbols

The letter E which is affixed to surveying symbols of hull means the equipment including anchors, chain cables and
hawsers of new or existing craft is supplied and maintained in accordance with the full requirements of the Rules, or
partial requirements under special approval. In the case of a craft classed for a special or restricted service, if approved
by the Society that requirements of the Rules are not necessary to apply, no equipment symbol is to be affixed.

1.3.5 Automation symbols

CR CLASSIFICATION SOCIETY -5 -
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1.4 Class Notations

A symbol, which is to be round-bracketed and be affixed next to the classification symbol CMS, indicating that an
automatic or remote control and monitoring system for propulsion machinery, propulsion machinery spaces, etc. is
provided and relevant requirements of the Rules are complied with. See Table | 1-3.

| 1.4 Class Notations

141

(@)

(b)

(©)

(d)

(e)

1.4.2

General

When considered necessary by the Committee, or when requested by an Owner and agreed by the Committee,
a class notation will be appended to classification character assigned to the craft. This class notation will
consist of one of, or a combination of, the notations listed in 1.4.2 to 1.4.5. The classification characters and
class notations assigned to a craft are indicated on the Certificate of Classification as well as in the Register
of Ship published by the Society.

The notations for type of craft, service restriction, feature, cargo, equipment, additional survey, etc. are added
after the classification symbol CR100. The automation symbol and notations for navigation safety system,
special equipment of machinery, machinery survey, etc. are added after the classification symbol CMS.

Where a class notation assigned to a specific craft together with classification characters is required by the
Rules to which the craft is subject, such notation is a necessary one for this craft, otherwise an optional one.

Every 2 sets of class notations are to be separated by a comma ",", e.g.:
CR100 »x E Passener Ship, Aluminum Alloy Hull, ......
CMS(CAU) PCM,...

Unless specially stated otherwise, class notations are generally given in the following sequence.

The notations not covered by the Rules are to comply with the applicable requirements of Part | of the Rules
for Steel Ships.

Hull structural material notation

A notation indicating that the craft uses materials other than steel as the structural materials for the main hull, e.g. FRP
Hull, Aluminum Alloy Hull etc.

1.4.3

(@)

(b)

(©

(d)

Craft type notation, special duty or purpose notation, additional service notation and hull construction notation

Craft type notation

A notation indicating that the craft has been arranged and constructed in compliance with particular usage
intended to apply to that type of craft. See Table | 1-4.

Special duties or purpose notation

0] A notation indicating that the craft has been designed, modified or arranged for special duties other
than those implied by the type and cargo notation, e.g. Research Vessel. Craft with special duties
notations are not thereby prevented from performing any other duties for which they may be suitable.

(i) Anotation indicating that the craft has been designed, modified or arranged for special service other
than those implied by the type and cargo notation, e.g. Special Government Services, etc. Craft with
special purpose notations are not thereby prevented from performing any other duties for which they
may be suitable.

Additional service notation

A type notation and/or a special duty or purpose notation may be completed by one or more additional service
notations. The specific rule requirements applicable to each service notation are to be complied with. See
Table I 1-5.

Hull construction notation

CR CLASSIFICATION SOCIETY
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1.5 Application for Classification and Surveys

For craft with hull construction other than monohull, such as catamaran, trimaran, small waterplane area twin
hull (SWATH) and etc., the hull construction of craft is in compliance with relevant requirements of the
Rules or the requirements agreed by the Society, the hull construction notation of Catamaran, Trimaran,
or SWATH will be affixed after the craft type notation.

Service restriction notation

A notation indicating that the craft has been classed on the understanding that it will be operated only in suitable areas
or conditions which have been agreed by the Committee. See Table | 1-6.

145

Additional Class Notation

A notation expressing the classification of equipment or specific arrangement, which has been requested by the Owner.

(a) Special features notation

A notation indicating that the craft incorporates special features which significantly affect the design, e.g.
Hydrofoil Craft.

(b) Cargo notation

A notation indicating that the craft has been designed, modified or arranged to carry one or more particular
cargoes, e.g. Sulphuric Acid. Ship with one or more cargo notation are not thereby prevented from carrying
other cargoes for which they are suitable.

(c) Additional survey notation.

A notation indicating that one or more Special Surveys are adopted and relevant requirements of the Rules
are complied with. See Table | 1-7.

(d) Special equipment notation

(®)

()

A notation indicating that one or more special equipments are provided and relevant requirements of the
Rules are complied with. See Table I 1-8.

Navigation safety notation

A notation indicating that a navigational safety system is provided and relevant requirements of the Rules
are complied with. See Table I 1-9.

Environmental protection notation

A notation indicating that one or more environmental protection features are adopted and relevant
requirements of the Rules are complied with. See Table I 1-10.

| 1.5 Application for Classification and Surveys

1.5.1  An application for the classification of craft is to be submitted in writing or by e-mail or fax by the builder for
a craft to be built under the Society's survey or by the owner for a craft not built under the Society's survey.
1.5.2  An application for surveys for maintenance of class is to be submitted in writing or by e-mail or fax by the
owner or owner's representative.
| 1.6  Surveys of Craft
1.6.1  General
(a) All craft classed with the Society are subjected to the following periodical surveys:
(i) Annual Surveys.
(i) Bottom Surveys.
(iii)  Intermediate Surveys-
(iv)  Special Surveys.
CR CLASSIFICATION SOCIETY -7 -
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(b)

(©

(d)

©

1.6.2

@)

(b)

(©

(d)

()

)

(V) Boiler Surveys and thermal oil heater surveys.
(vi)  Propeller shaft and tube shaft surveys.

The contents of surveys by the Society are detailed in the "Survey Requirements of Craft" in Chapter 2 of
this Part.

Special consideration may be given to any unusual circumstances justifying a modification of either survey
requirements or the interval of surveys. The Society may make special requirements including intervals of
periodical surveys to coincide with the regulations of the flag state of craft if owner requests.

Statutory survey will be acted by the Society, when authorized on behalf of Governments, in respect of
National and International statutory safety and other requirements for passenger and cargo craft.

Survey planning meeting (kick-off meeting) is to be held prior to the commencement of the Intermediate
Survey and Special Survey.

Classification initial survey during construction

New craft are to be built in accordance with the Rules. The constructional plans and particulars of the hull,
equipment and machinery, together with their drawing list, are to be submitted for approval of the Society
before the work is commenced. In case these plans need to be modified or altered, a re-approval is
indispensable.

The new machinery including boilers, pressure vessels and electrical equipment for craft classed or intended
to be classed is to be manufactured under and surveyed according to the Rules.

From the commencement of the work until the completion of the craft and final test of the machinery under
working condition, the Surveyors are to be satisfied that the materials, workmanship and arrangements are
satisfactory and in accordance with the Rules or the approved plans, or any material, workmanship or
arrangement found to be unsatisfactory, it is to be rectified.

The materials used in the construction of hulls and machinery intended for classification are to be of good
quality and free defects and are to be tested in accordance with the requirements of Part Il of the Rules and
Part X1 of the Rules for Steel Ships. The steel is to be manufactured by an approved process at works
recognized by the Society. Alternatively, tests to the satisfaction of the Society will be required to
demonstrate the suitability of the steel.

Copies of finish plans (showing the craft as built), essential Certificates and records, required loading and
other instruction manuals are to be readily available for use when required by the Surveyor, and may be
required to be kept on board.

Hull Survey for New Construction
(i) Qualification and Monitoring of Personnel

Exclusive Surveyors of the Society are to confirm through patrol, review and witness that the craft are
built using approved plans in accordance with the relevant rules and statutory requirements. The
Surveyors are to be qualified to be able to carry out the tasks and procedures are to be in place to ensure
that their activities are monitored through the QM of the Society.

(i) Survey of the hull structure

IACS UR Z23 Table 1 provides a list of surveyable items for the hull structure and coating and is
applicable to the Society including:

(1) Description of the shipbuilding functions;

(2) Classification and statutory survey requirements;

(3) Survey method required for classification;

(4) Relevant IACS and statutory requirement references;

(5) Documentation to be available for the Surveyor during construction.

CR CLASSIFICATION SOCIETY
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a) The shipbuilder is to provide the Surveyors access to documentation required by
classification, this includes documentation retained by the shipbuilder or other third parties.

b) The list of documents approved or reviewed by the Society for the specific new
construction are as follows:

- plans and supporting documents
- examination and testing plans
- NDE plans
- welding consumable details
- welding procedure specifications
- welding plan or details
- welder's qualification records
- NDE operator's qualification records
(6) Documents to be inserted into the craft construction file.

(7) A list of specific activities which are relevant to the shipbuilding functions. This list is not
exhaustive and can be modified to reflect the construction facilities or specific craft type.

(8) Evidence is also to be made available, as required, by the shipbuilder, to the Surveyor whilst the
construction process proceeds to prove that the material and equipment supplied to the craft has
been built or manufactured under survey relevant to the classification rules and statutory
requirements.

(iii)  Newbuilding survey planning
Prior to commencement of surveys for any newbuilding project, a kick-off meeting shall be carried out.

A record of the meeting is to be made. The records are to take note of specific published Administration
requirements and interpretations of statutory requirements. The shipyard shall be requested to advise of
any changes to the activities agreed at the kick-off meeting and these are to be documented. Shipbuilding
quality standards for the hull structure during new construction are to be reviewed and agreed during
the Kkick-off meeting. Structural fabrication is to be carried out in accordance with IACS
Recommendation 47, "Shipbuilding and Repair Quality Standard", or a recognized fabrication standard
which has been accepted by the Society prior to the commencement of fabrication/construction. The
work is to be carried out in accordance with the Rules and under survey of the Society. In the event of
series craft production consideration may be given to waiving the requirement for a kick-off meeting
for the second and subsequent craft.

(iv)  Examination and test plan for newbuilding activities. The shipbuilder is to provide plans of the items
which are intended to be examined and tested. These plans need not be submitted for approval and
examination at the time of the kick-off meeting, but the plans and any modifications to them are to
be submitted to the Surveyors in sufficient time to allow review before the relevant survey activity
commences. They are to include:

(1) Proposals for the examination of completed steelwork - generally referred to as the block plan
and are to include details of joining blocks together at the pre-erection and erection stages or at
other relevant stages;

(2) Proposals for fit up examinations where necessary;

(3) Proposals for testing of the structure (leak and hydrostatic) as well as for all watertight and
weathertight closing appliances;

(4) Proposals for non-destructive examination;

(5) Any other proposals specific to the craft type or to the statutory requirements.

(v) Craft Construction File

(1) The shipbuilder is to deliver documents for the Craft Construction File. In the event that items
have been provided by another party such as the shipowner and where separate arrangements
have been made for document delivery which excludes the shipbuilder, that party has the
responsibility. The Craft Construction File shall be reviewed for content.

(2) Ship Construction File on board the craft, is to facilitate inspection (survey) and repair and
maintenance, shall include in addition to documents listed in IACS Z23 Table 1, but not be
limited to:

CR CLASSIFICATION SOCIETY -9 -
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART I CHAPTER 1
1.6  Surveys of Craft

1.6.3

- As-built structural drawings including scantling details, material details, and, as applicable,
wastage allowances, location of butts and seams, cross section details and locations of all
partial and full penetration welds, areas identified for close attention and rudders;

- Manuals required for classification and statutory requirements, e.g. loading and stability,
bow doors and inner doors and side shell doors and stern doors — operations and
maintenance manuals (IACS S8 and S9);

- Craft structure access manual, as applicable;

- Copies of certificates of forgings and castings welded into the hull (IACS W7 and W8);

- Details of equipment forming part of the watertight and weathertight integrity of the craft;
- Tank testing plan including details of the test requirements (IACS S14);

- Corrosion protection specifications (IACS Z8);

- Details for the In-Water Survey, if applicable, information for divers, clearances
measurements instructions etc., tank and compartment boundaries;

- Docking plan and details of all penetrations normally examined at drydocking;
(vi)  Review of the construction facility

The Society is to familiarize themselves with the yard's production facilities, management processes,
and safety for consideration in complying with the requirements of Table 1 of IACS UR Z23 prior to
any steelwork or construction taking place in the following circumstances:

(1) where the Society has none or no recent experience of the construction facilities — typically after
a 1 year lapse - or when significant new infrastructure has been added;

(2) where there has been a significant management or personnel re-structuring having an impact on
the craft construction process;

(3) or where the shipbuilder contracts to construct a craft of a different type or substantially different
in design.

Classification survey of craft not built under survey

Craft which have not been built under survey to the Society, but which are submitted for classification, are to be subjected
to a classification survey of craft not built under survey (See 2.8 of this Part). Survey planning meeting (kick-off meeting)
is to be held prior to the commencement of the survey.

1.6.4

(@)

(b)

(©
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Special Survey

Survey intervals

The Special Survey is to be subjected to surveys at the fixed intervals not exceeding 5 years. Special Surveys
are normally to be effected in the sequences of :

No.1 - for craft up to 5 years old.

No.2 - for craft between 5-10 years old.

No.3 - for craft between 10-15 years old.

No.4 & subsequent - for craft age > 15 years old.

Commencement of Special Survey

(i) The Special Survey may be commenced at the 4th annual survey and be progressed with a view to
completion by the 5th anniversary date.

(ii) As part of the preparation for the Special Survey, the thickness measurement held and survey plan
are to be dealt with in advance of the Special Survey. However, the thickness measurement held
before the 4th annual survey cannot be credited as a part of Special Survey.

Premature of Special Survey

(i) If a Special Survey is completed prematurely but within 3 months prior to the due date, the due date
of the next Special Survey is based upon a date not exceeding 5 years from the due date of the existing
Special Survey. If a Special Survey is completed more than 3 months prior to the due date, the due
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date of the next Special Survey is based upon a date not exceeding 5 years from the date of completing
of the Special Survey.

(i)  Where a Special Survey is commenced more than 15 months prior to the due date, the entire survey
is normally to be completed within 15 months, if such work is to be credited to the Special Survey.
Survey is based upon a date not exceeding 5 years from the date of completion of the Special Survey.

(d) Extension of Special Surveys

(i) If a craft at the time when the Special Survey is due but not in a port in which it is to be surveyed, the
Society may upon the Owner's written request in advance in each case extend a period not exceeding
3 months. Such extension is, however, only to be granted for allowing the craft to complete its voyage
to the port in which it is to be surveyed, and only in cases where it is considered proper and reasonable
to do so.

(ii) If a Special Survey is completed after the due date, the due date of the next Special Survey is based
upon a date not exceeding 5 years from the due date of the existing Special Survey.

(iii) A maximum 3 months extension of Special Survey beyond the due date may be granted provided an
occasional survey has been carried out satisfactorily based on a scope of Annual Survey and the
additional items considered by the Head Office of the Society.

(e) Ifa Special Survey has been completed and a new final certificate can't be issued or placed on board the craft
before the expiry date of the existing certificate, the attending Surveyor authorized by the Society may
endorse the existing certificate and such a certificate is to be accepted as valid for a further period which is
not to exceed 6 months from the expiry date.

(f) Continuous survey

0] At the request of the owner, and upon approval of the proposed arrangement, a system of continuous
surveys for hull, machinery and cargo refrigerating machinery appliances, may be undertaken, except
for hull surveys of tankers, bulk carriers and similar types of craft, where-by the Special Survey
requirements are carried out in regular cycle to complete all the requirements of the particular Special
Survey within a 5-year period. If the continuous survey is completed beyond the 5-year period, the
completion date is to be recorded to agree with the original due date of the cycle. If the continuous
survey is completed prematurely but within 3 months prior to the due date, the Special Survey is to
be credited to agree with the effective due date. The continuous survey can, also be adopted
respectively for the hull, the machinery including the electrical equipment and the refrigerated cargo
installations.

(i) Where some items of the machinery are opened up and examined by the recognized chief engineer as
normal routine for maintenance at ports where the Surveyor is not available or at sea, the open-up
inspection of the items, at the request of Owner, under certain conditions, may be dispensed with at
the discretion of the Surveyor subject to a confirmatory survey at the convenient port of call where
the Surveyor is available. The confirmatory survey is to be carried out within 5 months from the date
of the item of the machinery which was opened up and inspected by the recognized chief engineer. If
deemed necessary by the Surveyor, the individual item may be inspected again.

(iii)  All items stipulated in 2.7.1 except thickness measurement are covered by a system of continuous
survey for hull. The thickness measurement for the craft which adopts a system of continuous survey
for hull conducted before the 4th Annual Survey cannot be credited for the Special Survey.

(9) Planned Maintenance Scheme (PMS) for machinery
(i) Application
(1) These requirements apply to an approved Planned Maintenance Scheme for Machinery (PMS)
as an alternative to the Machinery Continuous Survey (MCS). (see 1.6.4(f) above)

(2) It considers surveys to be carried out on the basis of intervals between overhauls recommended
by manufacturers, documented operator's experience and a condition monitoring system, where
fitted.

(3) This scheme is limited to components and systems covered by MCS.
(4) Any items not covered by PMS shall be surveyed and credited in the usual way.
(i) Maintenance intervals
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(iif)

(iv)

(V)

(vi)

In general, the intervals for PMS shall not exceed those specified for MCS. However, for components
where the maintenance is based on running hours longer intervals may be accepted as long as the
intervals are based on the manufacturer's recommendations.

Onboard responsibility
(1) The chief engineer shall be the responsible person on board in charge of the PMS.

(2) Documentation on overhauls of items covered by the PMS shall be reported and signed by the
chief engineer.

(3) Access to computerized systems for updating of the maintenance documentation and
maintenance program shall only be permitted by the chief engineer or other authorized person.

Procedures and conditions for approval of a PMS
(1) System Requirements

a) The PMS shall be programmed and maintained by a computerized system. However, this
may not be applied to the current already approved schemes.

b) The system shall be approved in accordance with a procedure of the Society.

c¢) Computerized systems shall include back-up devices, such as disks, tapes, or CDs, which
are to be updated at regular intervals.

(2) Documentation and information
The following documentation shall be submitted for the approval of the scheme:
a) organization chart identifying areas of responsibility.
b) documentation filling procedures.
c) listing of equipment to be considered by classification in PMS.
d) machinery identification procedure.
e) preventive maintenance sheet(s) for each machine to be considered.
f) listing and schedule of preventive maintenance procedures.
(3) In addition to the above documentation the following information shall be available on board:
a) all clauses in (2) above, in an up-to-date fashion.
b) maintenance instructions (manufacturer's and shipyard's).
c) reference documentation (trend investigation procedures etc.).
d) records of maintenance including repairs and renewals carried out.
Approval validity
(1) When the PMS is approved, the notation PMS will be assigned to the craft.

(2) An implementation survey shall be carried out to confirm the validity of the notation PMS (see
1.6.4(g)(vi)).

(3) An annual report covering the year's service, including the information as required under the
clauses 1.6.4(g)(iv)(2)c) and e) as well as the information on changes to other clauses in
1.6.4(9)(iv)(2), shall be reviewed by the Society.

(4) An Annual Audit shall be carried out to maintain the validity of the PMS (see 1.6.4(g)(vii)).

(5) The survey arrangement for machinery under PMS can be cancelled by the Society if PMS is not
being satisfactorily carried out either from the maintenance records or the general condition of
the machinery, or when the agreed intervals between overhauls are exceeded.

(6) The case of sale or change of management of the craft or transfer of class shall cause the approval
to be reconsidered.

(7) The shipowner may, at any time, cancel the survey arrangement for machinery under PMS by
informing the Society in writing and for this case the items which have been inspected under the
PMS since the last annual survey can be credited for class at the discretion of the attending
Surveyor.

Implementation Survey

(1) The Implementation Survey shall be carried out by the Surveyor within one year from the date
of approval of the PMS.

(2) During the Implementation Survey the following shall be verified by the Surveyor to ensure:
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a) the PMS is implemented according to the approval documentation and is adapted to the
type and complexity of the components/system on board.

b) the PMS is producing the documentation required for the Annual Audit and the
requirements of surveys and testing for retention of class are complied with.

c) the onboard personnel is familiar with the PMS.

(3) When this survey is carried out and the implementation is found in order, a report describing the
PMS shall be submitted to the Society and the approved PMS may replace the MCS.

(vii)  Annual Audit*

(1) An Annual Audit of the PMS shall be carried out by the Surveyor and preferably concurrently
with the Annual Survey of machinery.

(2) The Surveyor shall review the annual report or verify that it has been reviewed by the Society.

(3) The purpose of this survey shall be to verify that the scheme is being correctly operated and that
the machinery has been functioning satisfactorily since the previous survey. A general
examination of the items concerned shall be carried out.

(4) The performance and maintenance records shall be examined to verify that the machinery has
functioned satisfactorily since the previous survey or action has been taken in response to
machinery operating parameters exceeding acceptable tolerances and the overhaul intervals have
been maintained.

(5) Written details of break-down or malfunction shall be made available.

(6) Description of repairs carried out shall be examined. Any machinery part, which has been
replaced by a spare one, due to damage, is to be retained on board, where possible, until
examined by the Surveyor.

(7) Upon satisfactory completion of the above requirements, the Society shall retain the PMS.
Note: * The term audit, in this context, is not related to ISM audit.
(viii) Damage and repairs
(1) The damage of components/machinery shall be reported to the Society. The repairs of such
damaged components/machinery shall be carried out to the satisfaction of the Surveyor.

(2) Any repair and corrective action regarding machinery under PMS system shall be recorded in
the PMS logbook and repair verified by the Surveyor at the Annual Audit.

(3) In the case of overdue outstanding recommendations or a record of unrepaired damage which
would affect the PMS the relevant items shall be kept out of the PMS until the recommendation
is fulfilled or the repair is carried out.

(ix)  Planned Maintenance (PM)

Owners may conduct Planned Maintenance on any item(s) of equipment. However, the following
equipment cannot be enrolled into the PMS and credit will not be given towards periodic surveys.

(1) System piping (All).

(2) Valves (All).

(3) Sea chests.

(4) All operational tests.

(5) Fire pumps.

(6) Fire fighting equipment.

(7) All safety devices, trips and relief valves.

(8) Air receivers with associated relief valves and safety devices.

(9) Heat exchangers and unfired pressure vessels with design pressures over 6.9 bar and associated
relief valves.

(10) Steering gear piping, pumps and control/relief valves.
(11) Steam turbines.
x) Open-up survey

The following machinery is, in principle, to be opened and examined in the attendance of the Surveyor
in accordance with the survey schedule table.
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(xi)

M)
)

®3)
(4)
(®)
(6)
(")

Crankpins and bearings, crank-journals and bearings, and crosshead bearings for main diesel
engines.

Rotors, blades, casings, main bearings, couplings between turbine and reduction gear, nozzle
valves and maneuvering valves for main steam turbine.

Aux. steam turbine for main generator.

Thrust shaft and bearings for main propulsion.
Reduction gear for main propulsion.

Flexible coupling for main propulsion.

Other items deemed necessary by the Society.

For engine with bore 300 mm or under of the non-ocean going vessels, special consideration may be
given to modify the above PMS requirements based on the manufacturer's recommendation of
maintenance manual.

(h) Condition Monitoring and Condition Based Maintenance Schemes
Application

- 14 -

(i)

(i)

(iii)

1)

)

@)
(4)

These requirements apply to the approved Condition Monitoring (CM) and Condition Based
Maintenance (CBM) schemes where the condition monitoring results are used to influence the
scope and/or frequency of Class survey.

This scheme may be applied to components and systems covered by Machinery Continuous
Survey (MCS), and other components and systems as requested by the owner. The extent of
Condition Based Maintenance and associated monitoring equipment to be included in the
maintenance scheme is decided by the Owner.

These requirements can be applied only to craft operating on approved PMS survey scheme.

The scheme may be applied to any individual items and systems. Any items not covered by the
scheme shall be surveyed and credited in accordance with the requirements of 2.7.2 and/or
1.6.4(qg) of this Part.

Definitions
The following standard terms are defined in 1ISO 13372:2012:

)
)
@)

Condition monitoring: acquisition and processing of information and data that indicate the state
of a machine over time. The machine state deteriorates if faults or failures occur.

Diagnostic: examination of symptoms and syndromes to determine the nature of faults or
failures.

Condition Based Maintenance: maintenance performed as governed by condition monitoring
programmes.

Condition Monitoring (CM)

)

)
®3)

(4)
®)

(6)

Where an approved condition monitoring system is fitted, credit for survey may be based on
acceptable condition monitoring results. The condition monitoring results are to be reviewed
during the Annual Audit.

Limiting parameters are to be based on the Original Equipment Manufacturers guidelines
(OEM), or a recognized international standard.

The condition monitoring system is to provide an equivalent or greater degree of confidence in
the condition of the machinery to traditional survey techniques.

The condition monitoring system shall be approved in accordance with the Society's procedures.

A condition monitoring system may be used to provide a greater understanding of equipment
condition, and a condition based maintenance scheme may be used to obtain maintenance
efficiency. Class approval is required where owners wish to change the survey cycle based on
CM/CBM.

Software systems can use complex algorithms, machine learning and knowledge of global
equipment populations/defect data in order to identify acceptability for continued service or the
requirement for maintenance. These systems may be independent of the OEM recommended
maintenance and condition monitoring suggested limits. Approval of this type of software is to
be based on OEM recommendations, industry standards and experience of the Society.
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(7) The Society retains the right to test or open-up the machinery, irrespective of the CM results, if
deemed necessary.

(iv)  Condition Based Maintenance (CBM)

(1) Where an owner wishes to base their equipment maintenance on a CBM approach, this is to meet
the requirements of the ISM Code.

(2) Where an agreed planned maintenance and CBM scheme is in operation, the MCS and other
survey intervals may be extended based on OEM maintenance recommendations and acceptable
condition monitoring results.

(3) Limiting parameters (alarms and warnings) are to be based on the OEM guidelines, or a
recognized international standard.

(4) The CBM scheme is to provide an equivalent or greater degree of confidence in the condition of
the machinery to traditional maintenance techniques.

(5) The scheme shall be approved in accordance with the Society's procedures.

(6) Software systems can use complex algorithms, machine learning and knowledge of global
equipment populations/defect data in order to identify acceptability for continued service or the
requirement for maintenance. These systems may be independent of the OEM recommended
maintenance and condition monitoring suggested limits. Approval of this type of software is to
be based on OEM recommendations, industry standards and experience of the Society.

(V) Procedures and Conditions for approval of CM and CBM
(1) Onboard Responsibility
a) The chief engineer shall be the responsible person on board in charge of the CM and CBM.

b) Documentation on the overhaul of items covered by CM and CBM schemes shall be
reported by the chief engineer.

c) Access to computerized systems for updating of the maintenance documentation and
maintenance program shall only be permitted by the chief engineer or other authorized
person.

d) All personnel involved in CM and CBM shall be appropriately qualified.

Note: CM does not replace routine surveillance or the chief engineer's responsibility for taking
decisions in accordance with his judgement.

(2) Equipment and System Requirements

a) CM equipment and systems shall be approved in accordance with a procedure of the
Society.

b) The CM/CBM scheme and its extent, are to be approved by the Society.

c) The CBM scheme is to be capable of producing a condition report, and maintenance
recommendations.

d) Asystem isto be provided to identify where limiting parameters (alarms and warnings) are
modified during the operation of the scheme.

e) Where CM and CBM schemes use remote monitoring and diagnosis (i.e. data is transferred
from the craft and analysed remotely), the system is to meet the applicable standards for
Cyber Safety and Security. The system shall be capable of continued onboard operation in
the event of loss of the communication function.

f) CBM schemes are to identify defects and unexpected failures that were not prevented by
the CM system.

g) Systems shall include a method of backing up data at regular intervals.
(3) Documentation and Information

a) The following documentation shall be made available to the Society for the approval of the
scheme:

i)  Procedure for changes to software system and CM parameters
ii) Listing of equipment to be included in the scheme
iii) Listing of acceptable condition monitoring parameters
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(vi)
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b)

iv) Description of CBM scheme

v) Listing, specifications and maintenance procedures for condition monitoring
equipment

vi) Baseline data for equipment with condition monitoring

vii) Qualification of personnel and company responsible for analysing CM results

In addition to the above documentation the following information shall be available on
board:

i)  All clauses in a) above in an up-to-date fashion
ii) Maintenance instructions (manufacturer's and shipyard's)

iii) Condition monitoring data including all data since last opening of the machine and the
original base line data

iv) Reference documentation (trend investigation procedures etc.)

v) Records of maintenance including repairs and renewals carried out
vi) Records of changes to software systems and parameters

vii) Sensors calibration records / certification / status

(4) Approval validity

Surveys

M)

)

a)
b)

d)

An Annual Audit shall be carried out to maintain the validity of the CM/CBM scheme.

The survey arrangement for machinery under CM/CBM can be cancelled by the Society if
the scheme is not being satisfactorily carried out either from the maintenance records or
the general condition of the machinery.

The case of sale or change of management of the craft or transfer of class shall cause the
approval to be reconsidered.

The shipowner may, at any time, cancel the survey arrangement for machinery under the
scheme by informing the Society in writing and for this case the items which have been
inspected under the scheme since the last Annual Audit can be credited for class at the
discretion of the attending Surveyor.

Installation Survey

a)

Condition monitoring equipment is to be installed and surveyed in accordance with the
Rules of the Society, and a set of base line readings is to be taken.

Implementation Survey

a)

b)

c)

The Implementation Survey shall be carried out by the Society's surveyor no earlier than 6
months after installation survey and no later than the first Class Annual Survey.

During the Implementation Survey the following shall be verified by the Surveyor:

i) the CM/CBM scheme is implemented according to the approval documentation,
including a comparison with baseline data;

ii) the scheme is producing the documentation required for the Annual Audit and the
requirements of surveys and testing for the maintenance of class are complied with;

iii) the onboard personnel are familiar with operating the scheme.

iv) records of any limiting parameters (alarms and warnings) that have been modified
during the operation of the scheme.

v) Records of any failures of monitored equipment are to be reviewed to ensure that the
condition monitoring scheme is effective / sufficient.

When this survey is carried out and the implementation is found in order, a report

describing the scheme shall be submitted to the Society and the scheme may be put into

service.

(3) Annual Audit

a)

An Annual Audit of the CM and CBM scheme shall be carried out by the Surveyor
concurrently with the Class Annual Survey.
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b) The purpose of this audit shall be to verify that the scheme is being correctly operated and
that the machinery has been functioning satisfactorily since the previous audit. This is to
include any limiting parameters (alarms and warnings) that have been modified since the
last audit. A general examination of the items concerned shall be carried out.

c) The performance, condition monitoring and maintenance records shall be examined to
verify that the machinery has functioned satisfactorily since the previous survey, or action
has been taken in response to machinery operating parameters exceeding acceptable
tolerances.

d) Written details of break-down or malfunction shall be made available.

e) At the discretion of the Surveyor, function tests, confirmatory surveys and random check
readings, where Condition Monitoring / Condition Based Maintenance equipment is in use,
shall be carried out as far as practicable and reasonable.

f)  The familiarity of the chief engineer and other personnel involved with the CM system
shall be verified.

g) Calibration status of sensors and equipment shall be verified.

h)  Verification that the suitability of the CM/CBM scheme has been reviewed following
defects and failures shall be carried out.

(4) Damage and repairs

a) Damage to components or items of machinery is to be reported to the Society. The repairs
of such damaged components or items of machinery are to be carried out to the satisfaction
of the Surveyor.

b) Details of repairs and maintenance carried out shall be examined. Any machinery part,
which has been replaced by a spare one, due to damage, is to be retained on board where
possible until examined by the Surveyor.

c) Defectand failure data is to be reviewed in order to ensure the system output is appropriate.
Where necessary, following review of the failure data, there is to be a method of amending
the CM and CBM scheme.

1.6.5 Annual Survey

(a) Annual Surveys are to be carried out within 3 months before or after each anniversary date of the date of the
initial classification survey or the completion of the last Special Survey

(b) The anniversary date is to be changed if the Annual Survey is completed before the period specified in (a)
of this subparagraph.

0] The new anniversary date is to be amended by endorsement to a date which is not 3 months later than
the date on which the survey was completed.

(i) The subsequent Annual Survey is to be completed at the intervals prescribed as above using the new
anniversary date.

(iii)  The expiry date for a Special Survey may remain unchanged provided one or more Annual Surveys,
as appropriate, are carried out so that the maximum intervals between the surveys prescribed are not
exceed.

1.6.6  Intermediate Surveys

(a) Intermediate Surveys are to be carried out either at or between the 2" or 3@ Annual Survey.

(b) Those items which are additional to the requirements of the Annual Survey may be surveyed either at or
between the 2" or 3 Annual Survey.

1.6.7 Bottom Survey

(a) Survey intervals
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(b)

(©

(d)

1.6.8

(@)

(b)
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(i) There is to be a minimum of 2 examinations of the outside of the craft's bottom and related items
during each 5-year Special Survey period. One such examination is to be carried out in conjunction
with the Special Survey. In all cases the interval between any 2 such examinations is not to exceed
36 months.

For craft operating solely in fresh water, the maximum interval is not to exceed 5 years.

(ii)  Anextension of examination of the craft's bottom up to 3 months beyond the due date may be granted
in exceptional circumstances provided an occasional survey has been carried out satisfactorily with
the survey items required by the Head Office of the Society.

In-Water Survey in lieu of Bottom Survey in dry dock

(i) An approved In-Water Survey equivalent to a docking survey may be considered as an alternative to
a docking survey, subject to the provisions of 2.2.2 of this Part.

(i)  An In-Water Survey not credited as a Bottom Survey of the Special Survey may be carried out with
the craft afloat.

(iii)  Special consideration is to be given to craft of 15 years or over before being permitted to have such
inspection.

Bottom Survey at Special Survey
A Bottom Survey in dry dock is to be a part of the Special Survey.

For passenger craft, the bottom surveys are to be carried out at each Annual Survey and Special Survey, at
least 2 Bottom Surveys to be carried out in dry dock within each 5 years period of the classification Special
Survey and the maximum interval between the 2 bottom survey in dry dock is not to exceed 36 months. The
In-Water Surveys may be carried out and credited as the other Bottom Survey.

Survey of propeller shaft and tube shaft

Survey intervals
0] Oil lubricated shafts or closed loop system fresh water lubricated shafts (closed system)

Normal survey interval is 5 years. Detailed requirements are in accordance with 2.3.2 of this Part.
(i) Water lubricated shafts (open systems)

The survey interval of water lubricated shafts (open systems) is in accordance with 2.3.3 of this Part.

(iii)  Controllable pitch propellers for main propulsion purposes are to be surveyed at the same intervals
as the propeller shaft.

(iv)  Directional propellers for main propulsion purposes are to be surveyed at intervals not exceeding 5
years.

(V) Waterjet units for main propulsion purposes are to be surveyed at intervals not exceeding 5 years
provided the impeller shafts are made of approved corrosion resistant material or have approved
equivalent arrangements.

(vi)  Dynamic positioning and/or thruster-assisted mooring and athwartship thrust propellers and shaftings
are to be surveyed at intervals not exceeding 5 years.

(vii)  All other shafts not covered above, their normal survey interval is 3 years.

Survey extensions for propeller shaft and tube shaft

An extension with specified period may be granted by the Society, when requested by the Owner, provided
the extension survey is carried out to the satisfaction of the Surveyor.

(i) For oil lubricated shafts, the survey extensions are in accordance with 2.3.2(c)(ii) of this Part.

(i) For closed loop system fresh water lubricated shafts, the survey extensions are in accordance with
2.3.2(d)(ii) of this Parts.

(iii)  For water lubricated shafts (open systems), the survey extensions are in accordance with 2.3.3(c)(ii)
of this Part.

If the extension survey is carried out within 1 month of the shaft survey due date then the extension will take
effect from the Shaft Survey due date.
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If the extension survey is carried out more than 1 month prior to the Shaft Survey due date, then the period
of extension will take effect from the date on which the extension survey was completed.

1.6.9  Auxiliary Boiler Surveys and thermal oil heater surveys

(a) Survey intervals

(i) Aucxiliary boilers or thermal oil heaters, waste heat steam generators/economizers having a working
pressure exceeding 0.35 MPa and heating surface exceeding 4.5 m?, a minimum of 2 surveys are to
be carried out during each 5-year Special Survey period. One such survey is to be carried out in
conjunction with the Special Survey. In all cases, the interval between any 2 such surveys is not to
exceed 36 months. An extension of the survey up to 3 months may be granted by the Surveyor in
exceptional circumstances®, provided a survey is carried out in accordance with 2.4.1(i) of this Part.

In addition, Annual Examinations are to be carried out in accordance with 2.4.1(h) of this Part.

Note: (1) “Exceptional circumstances” means, e.g., unavailability of repair facilities, unavailability of essential materials, equipment
or spare parts, or delays incurred by action taken to avoid severe weather conditions.

1.6.10 Occasional surveys

Occasional surveys are to be carried out when craft have sustained damage, undergone major repairs or alternations, or
lay-up and re-commissioning.

(a) Damage, major repair or alternations

(1) The Society is to be immediately informed about any deficiencies and damages to hull and machinery
or other equipment classed, where these may be of relevance to the craft's class. An occasional survey
is to be arranged for a date not later than that craft's arrival at the next port. A craft may be temporarily
repaired and retained her class if the Surveyor deems so and reports to the Society that the craft has
been repaired to such a degree as being considered in a technical fitness condition for the intended
voyage. In such cases a permanent repair and survey are to be duly carried out. If the survey reveals
that a craft's class has been affected, the class is to be maintained only on condition that the repairs
or modifications demanded by the Society are to be carried out within the period specified by the
Surveyor. Until full settlement of recommendations the class is to be restricted.

(i) In the case of alterations, plans are to be approved before the work is commenced.

(iii)  If any part of the main or auxiliary machinery including boilers, or insulation or fittings, is removed
for repair or alteration, the exposed part of the structure normally not accessible is to be specially
examined.

(iv)  Inexceptional cases, the inspection of hull and machinery, and the performance of the repairs required
for maintenance of the original class may be dispensed with, if the Owner agree to the class and/or
the range of service being restricted, or possibly a higher freeboard being assigned.

(b) Lay-up and re-commissioning
(i) The Society is to be notified by the Owner that a craft has been laid up. Craft intended to be laid up
are to comply with the requirements of "Guidelines for Lay-up of Ship" of the Society. This status is
to be noted in the Register, and surveys falling due during lay-up may then be held in abeyance until
the craft re-commissions. Lay-up procedures and arrangements for maintenance of conditions during
lay-up may be submitted to the Society for review and verified on board by the Surveyor.

(i) In the case of craft which have been laid up for an extended period (i.e. six months or more) the
requirements for surveys on re-commissioning are to be specially considered in each case, due regard
being given to the status of surveys at the time of the commencement of the lay-up period, the length of
the period and the conditions under which the craft has been maintained during that period.

(iii)  Where the lay-up preparations and procedures have been submitted to the Society for review and
verified by annual lay-up surveys, consideration may be given to deducting part of or all of the time
in lay-up from the progression of survey intervals.

(iv)  For craft returning to active service regardless of whether the Society has been informed previously
that the craft has been laid up, a re-commissioning survey is required.

1.6.11 Miscellaneous items
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(a) If the recommendations of the Surveyor are considered in any case to be unnecessary or unreasonable, appeal
may be made to the Society, who may direct a special examination to be held.

(b) It is the responsibility of the Owner to ensure that all surveys necessary for the maintenance of class are
carried out at the proper time under the supervision of the Surveyor. It is, however, the normal practice of
the Society to give timely notice to Owners when surveys become due, but the non-receipt of such notice, or
of notice regarding other surveys, does not absolve Owners from their responsibility.

(c) Period of class

The craft's hull and machinery are always assigned the same period of validity of class (duration of one class
period). The class continues to be valid, provided that the hull and machinery are subjected to all surveys
stipulated and that any repairs required are carried out to the satisfaction of the Society.

(d) If the hull and/or the machinery are not subjected to the prescribed surveys on their due dates, a craft's class
is to be suspended for both hull and machinery. If special shipboard equipment classed is not subject to the
prescribed surveys on their due dates, the class of the special equipment only is to be suspended (i.e. Aux.
boiler, CAS, CAB or CAU, or RMS).

1.7 Approval

1.7.1  Survey reports

Upon completion of a survey of a classed craft, the Surveyor is to send one original and one copy of his reports with his
recommendations, if set up, to the applicant, and at the same time, one copy to the Society. The Society reserves the
right for final decision on the Surveyor's recommendations.

1.7.2  Decision of classification

Any member of the Committee or the staff of the Society having either direct or indirect interest in a craft to be classed,
is not permitted to be present at or to participate in the meeting for the decision of the classification.

1.8 Certificates of Classification

1.8.1  Final Certificate of Classification

When the required reports and Interim Certificates on completion of the classification initial survey during construction
of new craft, or the classification survey of craft not built under survey have been submitted for classification and
approved by the Classification Committee, final Certificates of Classification signed by the Chairman, the President and
the Chief Surveyor will be issued to the builders or owners.

1.8.2 Interim Certificates of Classification
(a) Upon completion of a classification entry survey, when the craft in the Surveyor's opinion, is considered to
be in a fit and efficient condition and eligible to be classed, the Surveyor is permitted to issued an Interim
Certificate of Classification stating that he has recommended to the Classification Committee that the craft

is in a fit and efficient condition and eligible to be classed.

(b) The validity of Interim Certificates is limited to 6 months.

| 1.9  Notice of Surveys

1.9.1 Itisthe responsibility of the Owners to ensure that all surveys necessary for the maintenance of class are carried
out at the proper time and in accordance with the instruction of the Society.

1.9.2  The Society will give timely notice to an Owner about forthcoming surveys by means of a letter or e-mail. The
omission of such notice, however, does not absolve the Owner from his responsibility to comply with CR's survey
requirements for maintenance of class.
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1.10 Suspension and Withdrawal of Class

1.10.1

In any of the following cases, the class of a craft is liable to be withheld or if already granted, may be withdrawn

or expunged from the Register:

(@)
(b)

(©

(d)

(e)
)
(9)
(h)
1.10.2

(@)

(b)

(©)

The wording, symbols or marks on the certificate is altered, defaced or obliterated.

Any damage or casualty is done to the hull or machinery to such an extent as affecting her class in the
Register and the damage so sustained has been un-repaired or not been repaired to the satisfaction of the
Society.

The structure or arrangement of the hull, equipment and machinery have been altered without approval of
the Society.

The loading of the craft exceeds the load line assigned by the Society or the freeboard marks have been
placed higher on the craft's sides than the positions assigned by the Society.

The applicant fails to pay any survey fees or expenses.

The applicant fails to fulfill the Society's requirements.

The Owner so request.

If the Annual Survey or Intermediate Survey is not complete within 3 months of the due date of the survey.
Class suspension and cancellation

Class will be suspended automatically in the following condition.
0] If a class periodical survey, MCS survey or HCS survey is over-due.
(i) If any outstanding recommendation is over-due.

(iii)  If other required survey in the Rules is over-due. However, over-due of required survey of
environmental protection notation as listed in Table I 1-10 will not cause the suspension of class.

Class will be reinstated automatically from the date of satisfactory completion of the over-due surveys or the
over-due recommendations.

If the Owners failed to apply for a survey on any casualty, damage, operational failure or any repair upon the
first opportunity, class may be suspended until the date before the repair survey is completed satisfactorily.

Class Maintenance Certificate is not to be issued during the period of class suspension and before the required
survey is completed satisfactorily.

(d) Class suspended for over 3 months may result in cancellation of class.
1.10.3 Change of periodicity, postponement or advance of surveys.
(a) This Society reserves the right, after due consideration, to change the periodicity, postponement or advance
of surveys, taking into account particular circumstances.
(b) When a survey becomes overdue during a voyage, the following applies:

(i) In the case of a class Special Survey becomes overdue during a voyage, the Society may grant an
extension to allow for completion of the class Special Survey, provided there is documented
agreement to such an extension prior to the expiry date of the Certificate of Classification, adequate
arrangements have been made for attendance of the Surveyor at the first port of call and the Society
is satisfied that there is technical justification for such an extension. Such an extension will be granted
only until arrival at the first port of call after the expiry date of the Certificate of Classification.
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However if owing to "exceptional circumstances™ as defined below, the class Special Survey cannot be
completed at the first port of call, the Society may grant an extension according to 1.6.4(d), but the total
period of extension shall in no case be longer than 3 months after the original due date of the class
Special Survey.

"Exceptional circumstances" means:

(1) unavailability of dry-docking facilities, or

(2) unavailability of repair facilities, or

(3) unavailability of essential materials, equipment or spare parts, or
(4) delays incurred by action taken to avoid severe weather conditions.

(i) In the case of Annual and Intermediate Surveys, no postponement is granted. Such surveys are to be
completed within their prescribed windows;

(iii)  In the case of all other periodical surveys and recommendations, extension of class may be granted
until the arrival of the craft at the first port of call.

1.10.4 Alternative Procedures for Certain Types of Craft

Alternatives to procedures specified in 1.10.2(a) above for automatic suspension of class and procedures specified in
1.10.2(d) above for cancellation of class may be applied to governmental craft, commercial craft owned or chartered by
governments which are utilized in support of governmental operations or service, and laid-up craft.

| 1.11 Reclassification

1.11.1 When reclassification is desired for a craft for which the class previously assigned has been withdrawn, the
Society is to direct a reclassification survey, appropriate to the age of the craft and the circumstances of the case, to be
carried out by the Surveyor. If at such a survey, the craft is found or placed in a good and efficient condition in accordance
with the requirements of the Rules, the Society is prepared to reinstate her original class as may be deemed necessary.
The date of reclassification is to be recorded in the Register.

1.12 Survey Fees and Expenses

1.12.1 Survey fees are to be chargeable and expenses to be reimbursed if incurred according to the "Scale of Survey
Fees" of the Society. All fees and expenses are to be promptly paid by the Owner or the applicant or their representatives
after completion of each survey. In default of such payment, the Society may withhold the issuance of the certificates
or reports. If the class is already granted, the same may be withdrawn or expunged from the Register.

1.13 International Conventions and Codes

Where authorized by the Administration of a country signatory thereto and upon request of the Owners of a classed craft
or one intended to be classed, the Society will survey a new or existing craft of the applicable size for compliance with
the provisions of applicable International Conventions or Codes and certify thereto in the manner prescribed in the
Convention and Code.

1.14 Governmental Regulations

Where authorized by a government agency and/or upon request of the Owners of a classed craft or one intended to be
classed, the Society will survey and certify a new or existing craft for compliance with particular regulations of that
government on their behalf.

All work performed on behalf of governments shall be governed by the terms and conditions of the Rules, unless the
government specifies otherwise.

Owners of a classed craft are required to notify the Society when a craft changes flag so that appropriate action can be
determined with respect to the scope of CR's authorization by the new flag Administration.
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1.15 Sea Trials

1.15.1 Inthe classification survey of all craft, sea trials specified in following (a) to (j) are to be carried out in full load
condition, in the calmest possible sea and weather condition and at the deep unrestricted water. However, where sea
trials cannot be carried out in full load condition, sea trials may be carried out in an appropriate loaded condition. The
noise measurements specified in (k) are to be carried out at either the full load condition or the ballast condition.

(a) Speed test.

(b) Astern test.

(c) Steering test and the change-over test from the main to auxiliary steering gear.

(d) Turning test.

(e) Confirmation of no abnormality for the operating condition of machinery and behaviors of the craft during
the trials.

(f) Performance test of windlass.

(g) Performance test of automatic and remote control systems for main propulsion machinery or the controllable
pitch propellers, boilers and electric generating sets.

(h) The accumulation test of boilers.

(i) Measurement of the torsional vibration for the shafting systems. (refer to Part IV Chapter 6 of the Rules of
Steel Ships)

Where it is to be deemed as appropriate by the Society, the measurement of the torsional vibration for the
shafting systems during the sea trials may be dispensed with, provided that sufficient analysis data (eg.
torsional vibration analysis), that ensure there is no critical vibration within the service speed range.

(J) Measurement of the sound pressure levels of fixed fire detection and fire alarm systems.
(k) Noise measurements. (If applicable, refer to Part Il Chapter 34 of the Rules of Steel Ships)

() Other tests where deemed necessary by the Society.

Some sea trial tests of an individual craft may be dispensed with provided that the available data can be
obtained from those of a sister ship or other adequate means and a special approval in given by the Society.

1.15.2 The results of the tests are to be submitted to the Society as sea trial record.
1.15.3 In the case of classification survey of the craft not built under the Society's survey, the above tests may be

dispensed with, provided that sufficient data on the previous tests are available and no alteration affecting the tests
specified above have been made after the previous tests.

1.16 Stability Experiment

1.16.1 In the classification survey, Stability Experiments by inclining test of a craft are to be carried out upon
completion of the craft (See Appendix 2). A stability information booklet, which is to be prepared on the basis of the
particulars of stability determined by the results of stability experimental and to be approved by the Society, is to be
provided on board. The intact stability criteria specified in Part 111 Chapter 3 of the Rules shall be as a minimum
requirement.

1.16.2 Inclining test may be dispensed with, provided that:
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(@)

(b)

1.16.3

The craft's basic stability data is available from inclining test of a sister ship, if a weight survey is carried
out upon completion, and in comparison with the data derived from the sister ship, the deviation from the
lightship displacement is not exceeding 1% for craft of 160 m or more in length, and 2% for craft of 50 m or
less in length and as determined by linear interpolation for intermediate lengths, and a deviation from
lightship LCG not exceeding 0.5 % of subdivision length (Ls); or

The craft is especially designed for the carriage of liquid or ore in bulk, when reference to existing data for
similar craft clearly indicates that due to the craft's proportions and arrangements, more sufficient GM will
be available in all probable loading cases.

Where any alteration are made to a craft so as to materially affect the stability information, amended and

approved stability information shall be provided. The craft shall be re-inclined if anticipated deviations exceed one of
the values specified in next paragraph.

1.16.4

At periodical intervals not exceeding 5 years, a lightweight survey shall be carried out on all passenger ships to

verify any changes in lightweight displacement and LCG. The craft shall be re-inclined whenever, in comparison with
the approved stability information, a deviation from the lightship displacement exceeding 2% or a deviation of LCG
exceeding 1% of Ls is found or anticipated.

| 1.17 Liability and Compensation

1171

(@)

(b)

(c)

(d)

©
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Article 1

CR CLASSIFICATION SOCIETY is a Society (the "Society™) whose purpose is the classification
(«Classification») of any craft 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, hovership, 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:

(i) prepares and publishes Rules for classification, Guidance Notes and other documents (« Rules »);
(i) issues Certificates, Attestations and Reports following its interventions (« Certificates »);

(iii)  publishes Registers on the CR Website.

The Society also participates in the application of National and International Regulations or Standards, in
particular by delegation from different Governments. Those activities are hereafter collectively referred to
as « Certification ».

The Society can also provide services related to Classification and Certification such as craft and company
safety management certification; craft and port security 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 Society can also provide services in independent surveys, such as independent survey of a craft, materials
and equipment, or other equipment carried out according to the Purchase Agreement or specified rules; or
appraisal before purchase of a non-CR class craft or verification of seaworthiness of a craft conducted at the
request of the owner; or damage survey of a non-CR class craft as required by an insurance company.

The interventions mentioned in (a), (b) and (c) are referred to as « Services ». The party and/or its
representative requesting the services is hereinafter referred to as the « Client ». The Services are prepared
and carried out on the assumption that the Clients are aware of the International Maritime and/or Offshore
Industry (the "Industry") practices.
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(@)

(b)

(©)

(d)

1.17.3

(@)

(b)

(c)

(d)

1174

PART I CHAPTER 1
1.17 Liability and Compensation

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

Atrticle 2

Classification is the appraisement given by the Society for its Client, at a certain date, following surveys by
its Surveyors along the lines specified in 1.17.3 and 1.17.4 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.

Certification is carried out by the Society along the same lines as set out in 1.17.3 and 1.17.4 hereafter and
with reference to the applicable National and International Regulations or Standards.

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.

The Client is to give to the Society all access and information necessary for the performance of the requested
services.

Article 3

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 not a code of
construction neither a guide for maintenance or a safety handbook. Committees consisting of personalities
from the Industry contribute to the development of those documents.

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.

The Services of the Society are carried out by professional Surveyors according to the Code of Ethics of CR
CLASSIFICATION SOCIETY.

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.

Article 4

The Society, acting by reference to its Rules:

(@)
(b)
(©)
(d)

Reviews the construction arrangements of the Units as shown on the documents presented by the Client;
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.

1.17.5 Article5
(a) 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.
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(b)

(©

(d)

1.17.6

(@)

(b)

(c)

1.17.7
(@)
(b)

(c)

1.17.8

@

(b)
(©

1.17.9

The certificates issued by the Society pursuant to 1.17.5(a) 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 services, and cannot be
held liable on those accounts. Its certificates 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.

The Society does not declare the acceptance or commissioning of a Unit, nor of its construction in conformity
with its design, that being the exclusive responsibility of its owner or builder, respectively.

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 survey by the
Society.

Article 6

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.

If the Services of the Society cause 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
two times the amount of fee paid for the Service having caused the damage, but no greater than ten million
(NT$10,000,000) New Taiwan dollars. The Society bears no liability for indirect or consequential loss such
as e.g. loss of revenue, loss of profit, loss of production, loss relative to other contracts and indemnities for
termination of other agreements.

All claims are to be presented to the Society in writing within 3 months of the date when the Services 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.

Article 7

Requests for Services are to be in writing.

Either the Client or the Society has rights to terminate the requested Services after giving the other party
thirty days' written notice, for convenience, and without prejudice to the provisions in 1.17.8 hereunder.

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 1.17.7(b) hereabove subject to compliance with 1.17.2(c) hereabove
and 1.17.8 hereunder.

Article 8

The Services of the Society, whether completed or not, involve the payment of fee upon receipt of the invoice
and the reimbursement of the expenses incurred.

Overdue amounts are increased as of right by interest in accordance with the applicable legislation.

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

Article 9

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:
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Clients have access to the data they have provided to the Society and, during the period of classification of
the Units 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 Units;

Copy of the documents made available for the classification of the Units and of available survey reports can
be handed over to another Classification Society in case of the Unit's transfer of class;

The certificates, documents and information relative to the Units classed with the Society may be reviewed
and disclosed upon order of the concerned governmental or inter-governmental authorities or of a Court
having jurisdiction. The documents and data are subject to a file management plan.

Article 10

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.

1.17.11

(@)

(b)

1.17.12

(@)

(b)

(©)

1.17.13

(@)

(b)

(©

Article 11

In case of diverging opinions during surveys between the Client and the Society's Surveyor, the Society may
designate another of its Surveyors at the request of the Client.

Disagreements of a technical nature between the Client and the Society can be submitted by the Society to
the advice of its Head Office.

Article 12

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.

Disputes arising out of the payment of the Society's invoices by the Client are submitted to Taiwan Taipei
District Court.

Other disputes over the present Article 1.17 or over the Services of the Society are exclusively submitted to
arbitration, by 3 arbitrators, in Taipei according to the Arbitration Act or any statutory modification or re-
enactment thereof. The contract between the Society and the Client shall be governed by the Republic of
China (Taiwan) law.

Article 13
The Article 1.17 constitutes 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.

The invalidity of one or more stipulations of the present Article 1.17 does not affect the validity of the
remaining provisions.

The definitions herein take precedence over any definitions serving the same purpose which may appear in
other documents issued by the Society.
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Table 1 1-3
List of Automation Symbol affixed to CMS
Symbol Description Reference
This s.ymbo.l will be a§51gned when a craft.s machinery installation Part IV Chapter 5 of the
CAS complies with the requirements for automatic or remote control and Rules
monitoring system.
This s.ymbo.l will be a§s1gned when a craft.s machinery installation Part IV Chapter 5 of the
CAU complies with the requirements for automatic or remote control and Rules
monitoring system with unattended machinery spaces.
This symbol will be assigned when a craft is capable of operating as
CAU but because of their compact propulsion machinery space design
CAB are not fitted with the means to control the propulsion and its associated Part IV Chapter 5 of the
. . . L . . Rules
machinery from a centralized location within the propulsion machinery
space.
Table I 1-4
List of Ship Type Notation
Notation Description Reference
Passenger Ship  |For ship which carry more than 12 passengers. The Rules
Note:
(1) For craft deemed necessary by the Society, an appropriate notation except specified above may be affixed to

classification character.

II of the Rules for Steel Ships are complied with.

Table I 1-5
List of Additional Service Notation
Notation Description Reference

This notation will be assigned to the craft meeting the Rules and the

HSC-PA or requirements of category A (up to 450 passengers) or B (over 450/ The Rules and HSC

HSC-PB passengers) of International Code of Safety for High-Speed Craft Code
(hereinafter referred to as HSC Code).

HSC-C This notation will be assigned to the cargo craft meeting the Rules and| The Rules and HSC
the requirements of cargo craft category of HSC Code. Code
This notation (Light Structure Craft) will be assigned to craft not engaged

LSC in international voyages which are capable of maximum speed 2.36 <| The Rules and HSC
V/W/L and not to proceed in the course of their voyage more than the time| ~Code, as applicable.
as specified in 1.3.4 of HSC Code.
This notation (Performance Standard for Protective Coating) will be

PSPC assigned to an}f craft where the applicable requirements in 23.?4 of Part Part I 23.1.4 of the

Rules for Steel Ships

This notation (the comfort Rating of Noise) will be assigned to craft

Part IT Chapter 34 of the

NR where the apphcable reql'nrem?nts in Chapter 34 of Part II of the Rules Rules for Steel Ships
for Steel Ships are complied with.
This notation will be assigned to craft which comply with the limits for
VR vibration of ISO 20283-5:2016, as given in Table IT 34-2 of the Rules for| * 21t 1l Chapter 34 of the
. Rules for Steel Ships
Steel Ships
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1.17 Liability and Compensation

Table 1 1-6
List of Service Restriction Notation

Notation Description Reference

Service along a coast, the geographical limits of which will be
indicated in the Register, and for a distance out to sea generally
not exceeding 30 nautical miles, unless some other distance is
specified for 'Coastal Service' by the Administration with
Coastal Service which the craft is registered, or by the Administration of the
coast off which it is operating, as applicable.

The operation/service limitations, such as significant wave
height, or maximum voyage etc., may be indicated in the
bracket affixed after this notation.

Service along a coast, the geographical limits of which will be
indicated in the Register, and for a distance out to sea generally
farther than the area of Coastal Service in domestic voyage.
The operation/service limitations, such as significant wave
height, or maximum voyage etc., may be indicated in the
bracket affixed after this notation.

Greater Coastal Service

Service in sheltered water adjacent to sand banks, reefs,
Protected Waters Service |breakwaters or other coastal features, and in sheltered waters
between islands.

Specified Operating Area|Service within one or more geographical area(s) which will be
Service indicated in the Register.

Service between two or more ports or other geographical

Specified Route Service features which will be indicated in the Register.
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1.17 Liability and Compensation

Table I 1-7
List of Additional Survey Notation

Notation

Description

Reference

IWS

This notation (In Water Survey) will be assigned to craft
which are suitable for In-Water Survey in lieu of bottom survey
in dry dock.

Part I/1.6.7(b) & 2.2.2 of
the Rules

PCM®

This notation (Propeller shaft Condition Monitoring) will be
assigned when oil lubricated propeller shaft arrangements with
approved oil glands are fitted and the requirements of 2.3.4 of]
Part I of the Rules are complied with.

Part I/2.3.4 of the Rules

PMS®

This notation (Planned Maintenance Scheme for machinery)
will be assigned to craft for which an approved planned
maintenance scheme for machinery is adopted as an alternative

to continuous survey for machinery.

Part 1/1.6.4(g) of the Rules

Note:

(1) It means notation, when assigned, to be added after the classification symbol CMS.

accordance with related requirements of the Rules for Steel
Ships.

Table I 1-8
List of Special Equipment Notation
Notation Description Reference
This notation(Helicopter deck), with N being I, II, II or IV,
Helideck-N will be assigned to craft provided with helicopter facilities in| Part II Chapter 12A of the

Rules for Steel Ships

HHA

This notation (High Holding Anchor) will be assigned to craft
receiving the equipment symbol E, with a specially considered
and approved anchor that have at least 2 times the holding
power of ordinary stockless anchors of the same weight.
The mass of each bower anchor can be reduced up to 25% of]
the mass specified in Part III 5.1.4(a), (see Table III 5-1.), of]
the Rules.

Part 111/ 5.1.4(a) of the
Rules and Part XI Chapter
12 of the Rules for Steel
Ships

SHHA

This notation (Super High Holding Anchor) will be assigned
to craft receiving the equipment symbol E, with a specially
considered and approved anchor that have at least 4 times the
holding power of ordinary stockless anchors of the same
weight.

The mass of each bower anchor can be reduced by up to
50% of the mass specified in Part I1I 5.1.4(a), (see Table 111

5-1), of the Rules.

Part 111/ 5.1.4(a) of the
Rules and Part XTI Chapter
12 of the Rules for Steel
Ships
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1.17 Liability and Compensation

Table I 1-9
List of Navigation Safety Notation

Notation

Description

Reference

NAV®D

This notation will be assigned to craft when the requirements of]
navigation safety system in Chapters 2 and 3 of Part XIII of the
Rules for Steel Ships are complied with.

Part XIII of the Rules for
Steel Ships

NAVO®

This notation will be assigned to craft when the requirements of]
navigation safety system in Chapters 2 ~ 9 and 10 of Part XIII of]
the Rules for Steel Ships are complied with.

Part XIII of the Rules for
Steel Ships

NAV1®D

This notation will be assigned to craft when the requirements of]
navigation safety system in Chapters 2 ~ 10 of Part XIII of the
Rules for Steel Ships are complied with.

Part XIII of the Rules for
Steel Ships

Note:

1)

Table I 1-10
List of Environmental Protection Notation

It means notation, when assigned, to be added after the classification symbol CMS.

Notation

Description

Reference

POT

This notation (Protection of Fuel and Lubricating Qil Tanks)
will be assigned to craft having an aggregate fuel oil capacity
of 600 m*® and above with fuel oil and lubricating oil tanks
arranged in accordance with the requirement specified in 6.5.3
of Part VI of the Rules for Steel Ships.

Part V1/6.5.3 of the Rules
for Steel Ships

PP

This notation (Pollution Prevention) will be assigned to craft
where the applicable requirements in Chapter 32 of Part II of|
the Rules for Steel Ships are complied with.

Part IT Chapter 32 of the
Rules for Steel Ships

BWM

This notation (Ballast Water Management) will be assigned to
craft where the applicable requirements in Chapter 32 of Part
11 of the Rules for Steel Ships are complied with.

Part IT Chapter 32 of the
Rules for Steel Ships

EEDI

This notation (Energy Efficiency Design Index) will be
assigned to craft where the applicable requirements in Chapter
32 of Part II of the Rules for Steel Ships are complied with.

Part II Chapter 32 of the
Rules for Steel Ships

SEEMP

This notation (Ship Energy Efficiency Management Plan) will
be assigned to craft where the applicable requirements in
Chapter 32 of Part II of the Rules for Steel Ships are complied
with.

Part I Chapter 32 of the
Rules for Steel Ships

SRE

This notation (Ship Recycling) will be assigned to craft where
the applicable requirements in Chapter 31 of Part II of the
Rules for Steel Ships are complied with.

Part IT Chapter 31 of the
Rules for Steel Ships

SRE-EU

This notation SRE-EU will be assigned to craft where the
applicable requirements in Chapter 31 of Part II of the Rules
for Steel Ships are complied with.

Part IT Chapter 31 of the
Rules for Steel Ships

SCR®

This notation will be assigned to craft where the applicable
requirements in the Guidelines for Selective Catalytic
Reduction Systems are complied with.

Part IV/ 3.7.3(i) of the
Rules for Steel Ships

SOx Scrubber®

This notation will be assigned to craft where the applicable
requirements in the Guidelines for SOx Scrubber Systems are
complied with.

Part IV/ 3.7.3(1) of the
Rules for Steel Ships

SOx Scrubber Ready-N®

This notation, with N being I, IT or III, will be assigned to
craft where the applicable requirements in the Guidelines for
SOx Scrubber Systems are complied with.

Guidelines for SOx
Scrubber Systems

EGR®

This notation will be assigned to craft where the applicable
requirements in the Guidelines for Exhaust Gas Recirculation
Systems are complied with.

Part IV/ 3.7.3(1) of the
Rules for Steel Ships

Note:

(1

It means notation, when assigned, to be added after the classification symbol CMS.
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2.1 General

Chapter 2

Survey Requirements of Craft

| 2.1 General

2.1.1

@

(b)

(©

(d)

()

)

(@)

(b)

(©

(d)
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General

The Surveyor is to have free access at any time in order to examine a classed craft and to make sure of her
good condition.

When a survey becomes due or any damage or alterations which may affect the technical fitness or the class
to the hull or machinery of the craft occurred, the owner or his representative is to apply in time for a survey
to be made without waiting for notice from the Society. (See 1.6.10(a) and 1.6.11(b))

In the case of any disagreement or dispute between the owner and the Surveyor or other officers regarding
the inspection, examination and survey work, an appeal in writing for re-survey or explanation may be made
to the Society.

Though the survey of a certain part of the craft being surveyed is not included in this Chapter, the Surveyor
may, if deemed necessary, make an additional survey of such a part. The Head Office of the Society also
reserve the rights to perform an occasional survey whenever reasonable necessity exists.

Modification of requirements

(1) At the periodical surveys, the Surveyor may modify the requirements for periodical surveys specified
in this Chapter having regard to the size, service engaged, age, construction, results of last surveys
and actual condition of the craft.

(i) For spaces where effective coatings are found to be in a Good condition, the extent of internal
examination or gauging requirements specified in this Chapter may be specially considered at the
discretion of the Surveyor.

The survey requirements to maintain a Class Notation for an additional system or service are as contained in
Chapter 3 of the Rules for Steel Ships, if any.

Definitions

Ballast Tank
(i) Ballast Tank - All Vessels
A Ballast Tank is a tank which is used primarily for the carriage of salt water ballast.

Spaces

Spaces are separate compartments including holds, tanks, cofferdams and void spaces bounding cargo holds,
decks and the outer hull.

Overall Survey

An Overall Survey is a survey intended to report on the overall condition of the hull structure and determine
the extent of additional close-up surveys.

Transverse Section

A Transverse Section includes all longitudinal members such as plating, longitudinals and girders at the deck,
sides, bottom, inner bottom, longitudinal bulkhead and wing tanks. For transversely framed vessels, a
transverse section includes adjacent frames and their end connections in way of transverse sections.
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Representative Tanks/Spaces

Representative Tanks/Spaces are those which are expected to reflect the condition of other tanks/spaces of
similar type and service and with similar corrosion prevention systems. When selecting Representative
Tanks/Spaces account is to be taken of the service and repair history on board and identifiable Critical
Structural Areas and/or Suspect Areas

Suspect Areas

Suspect Areas are locations showing Substantial Corrosion and/or are considered by the Surveyor to be prone
to rapid wastage.

Critical Structural Area

Critical Structural Areas are locations which have been identified from calculations to require monitoring or
from the service history of the subject craft or from similar or sister ship (if available) to be sensitive to
cracking, buckling or corrosion which would impair the structural integrity of the craft.

Renewal Thickness

Renewal thickness (tren) is the minimum allowable thickness, in mm, below which renewal of structural
members is to be carried out.

(i) Substantial Corrosion
Substantial Corrosion is an extent of corrosion such that assessment of corrosion pattern indicates a wastage
in excess of 75% of allowable margins, but within acceptable limits.
()) Corrosion Prevention System
A Corrosion Prevention System is normally considered as a full hard coating.
Hard Protective Coating is usually to be epoxy coatings or equivalent.
Other coating systems, which are neither soft nor semi-hard coatings, may be considered acceptable as
alternatives, provided that they are applied and matained in compliance with the manufacturers' specification.
(k) Coating Condition
Coating condition is defined as follows:
0] GOOD is a condition with only minor spot rusting.
(i) FAIR is a condition with local breakdown at edges of stiffeners and weld connections and/or light
rusting over 20% or more of areas under consideration, but less than as defined for POOR condition.
(iii)  POOR is a condition with general breakdown of coating over 20% or more of areas, or hard scale at
10% or more of areas under consideration.
() Prompt and Thorough Repair
A Prompt and Thorough repair is a permanent repair completed at the time of the survey to the satisfaction
of the Surveyor, therein removing the need for the imposition of any associated condition of classification or
recommendation.
(m) Special consideration
Special consideration or specially considered (in connection with close-up surveys and thickness
measurements) means sufficient close-up inspection and thickness measurements are to be taken to confirm
the actual average condition of the structure under the coating.
(n) Air pipe head
Air pipe heads installed on the exposed decks are those extending above the freeboard deck or superstructure
decks.
(o) General Dry Cargo Ship
"General dry cargo ship" are ship carrying solid cargoes other than: (see Note:)
() bulk carriers (Double Skin or Non-Double Skin, subject to ESP);
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(i)  dedicated container carriers;

(iii)  dedicated forest product carriers (not timber or log carriers);
(iv)  ro-ro cargo ship;

(v) refrigerated cargo ship;

(vi)  dedicated wood chip carriers;

(vii)  dedicated cement carriers;

(viii) livestock carriers;

(ix)  deck cargo ship (A deck cargo ship is a ship that is designed to carry cargo exclusively above deck
without any access for cargo below deck); and

(x) general dry cargo ship of double side-skin construction , with double side-skin extending for the entire
length of the cargo area, and for the entire height of the cargo hold to the upper deck.

Note: At Annual Survey and Special Survey, an examination and a test to the water ingress detection
system and their alarms also apply to those cargo ship, which, although belonging to the ship
types listed herein that are excluded from the application of IACS UR, are fitted with a single
cargo hold.

Cargo Length Area (all craft)

Cargo Length Area is that part of the craft that contains cargo holds and adjacent areas including cofferdams,
ballast tanks, fuel tanks and void spaces.

Wind and Water Strakes

Wind and water strakes are the strakes of a craft's side shell plating between the ballast and deepest load
waterline.

Qil
Oil is petroleum in any form including crude oil, fuel oil, sludge, oil refuse, and refined products others than
petrochemicals which are subject to the provisions of Annex Il of the MARPOL 73/78.

Pitting Corrosion , Edge corrosion and Grooving corrosion

0] Pitting corrosion is defined as scattered corrosion spots/areas with local material reductions which
are greater than the general corrosion in the surrounding area. Pitting intensity is defined as shown

below:
5% SCATTERED 20% SCATTERED
: PSS Y F
= e T . -
= ‘. ".__'._‘-‘__',-._,
10% SCATTERED
YR T N R RN
ST TRPOLE PR A
L BTN LTI L

CR CLASSIFICATION SOCIETY
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART I CHAPTER 2
2.1 General

(ii) Edge corrosion is defined as local corrosion at the free edges of plates, stiffeners, primary support
members and around openings. An example of edge corrosion is shown in below:

Attached planting Attached planting

y S v ; J =

Flatbar stiffener

h
stf
Inverted angle or

Built-up stiffener

0.25h

]

0.25b¢

b stf

(iii)  Grooving corrosion is typically local material loss adjacent to weld joints along abutting stiffeners
and at stiffener or plate butts or seams. An example of groove corrosion is shown in below:

Groove Groove
breadth breadth Attached
-—b -~ plating
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Repairs

Any damage in association with wastage over the allowable limits (including buckling, grooving, detachment
or fracture), or extensive areas of wastage over the allowable limits, which affects or, in the opinion of the
Surveyor, will affect the craft's structural, watertight or weathertight integrity, is to be promptly and
thoroughly (see 2.1.2 (k)) repaired. Area to be considered include:

(i) side shell frames, their end attachments and adjacent shell plating;
(ii) deck structure and deck plating;

(iii)  bottom structure and bottom plating;

(iv)  watertight or oiltight bulkheads;

(V) hatch covers and hatch coamings;

(vi)  the weld connection between air pipes and deck plating;

(vii) all air pipe heads installed on the exposed decks;

(viii) ventilators, including closing devices, if any.

For locations where adquate repair facilities are not available, consideration may be given to allow the craft
to proceed directly to a repair facility. This may require discharging the cargo and/or temporary repairs for
the intended voyage.

Additionally, when a survey results in the idetification of structural defects or corrosion, either of which, in
the opinion of the Surveyor, will impair the craft's fitness for continued service, remedial measures are to be
implemented before the craft continues in service.

Where the damage found on structure mentioned in 2.1.3(a) is isolated and of a localised nature which does
not affect the craft's structural integrity, consideration may be given by the Surveyor to allow an appropriate
temporary repair to restore watertight or weathertight integrity and impose a Recommendation/Condition of
class in accordance with IACS PR 35, with a specific time limits.

Procedures for class related services

Thickness measurements and close-up surveys — hull structures

() Thickness measurements are to be carried out by a firm approved by the Society in accordance with
the procedures for certification of firms engaged in thickness measurement of hull structures as
specified in “Guidelines for Approval of Service Suppliers” of the Society.

(i) Thickness measurement is normally to be carried out under the supervision of the Surveyor. However,
the Surveyor may accept thickness measurement not carried out under his supervision, in which case
provisions is to be made for the Surveyor to recheck the measurements as deemed necessary to ensure
acceptable accuracy.

(iii) A thickness measurement report is to be prepared by the approved firm carrying out the thickness
measurement, the thickness measured as well as the corresponding original thickness. The report is
to give the date when the measurement was carried out, the type of measuring equipment, names of
personnel and their qualifications and is to be signed by the operator and the Surveyor.

(iv)  The thickness measurement report is to be verified by the Surveyor.

(v) In any kind of survey, i.e. Special, Intermediate, Annual or other Surveys having the scope of
foregoing ones, thickness measurements of structures in areas where close-up surveys are required,
shall be carried out simultaneously with close-up surveys.

(vi)  Consideration may be given by the attending Surveyor to allow use of Remote Inspection Techniques
(RIT) as an alternative to close-up survey. Surveys conducted using a RIT are to completed to the
satisfaction of the attending Surveyor. When RIT is used for a close-up survey, temporary means of
access for the corresponding thickness measurements is to be provided unless such RIT also able to
carry out the required thickness measurements.
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(vii)  For structure built with a material other than steel, alternative thickness measurement requirements
may be developed and applied as deemed necessary by the Society.

(viii) Thickness measurements Acceptance Criteria.

The acceptance criteria for thickness measurements are according to Table | 2-5 to 2-7 and/or specific
IACS URs depending on craft age and structural elements concernd.

(ix)  Remote Inspection Techniques (RIT), where applicable

(1) The RIT is to provide the information normally obtained from a close-up survey. RIT surveys
are to be carried out in accordance with the requirements given herein and the requirements of
IACS Recommendation 42 “Guidelines for use of Remote Inspection Techniques for surveys”.
These considerations are to be included in the proposals for use of a RIT which are to be
submitted in advance of the survey so that satisfactory arrangements can be agreed with the
Society.

(2) The equipment and procedure for observing and reporting the survey using a RIT are to be
discussed and agreed with the parties involved prior to the RIT survry, and suitable time is to be
allowed to set-up, calibrate and test all equipment beforehand.

(3) When using a RIT as an alternative to close-up survey, if it is not carried out by the Society itself,
it is to be conducted by a firm approved as a service supplier according to “Guidelines for
Approval of Service Suppliers” of the Society and is to be witnessed by the attending Surveyor
of the Society.

(4) The structure to be examined using a RIT is to be sufficiently clean to permit meaningful
examination. Visibility is to be sufficient to allow for a meaningful examination. The Society is
to be satisfied with the methods of orientation on the structure.

(5) The Surveyor is to be satisfied with the method of data presentation including pictorial
represetation, and a good two-way communication between the Surveyor and RIT operator is to
be provided.

(6) If the RIT reveals damage or deteriotation that requires attention, the Surveyor may require
traditional survey to be undertaken without use of a RIT.

(b) In-Water Surveys

(i) The In-Water Survey is to be carried out under the surveillance of the surveyor by an In-Water Survey
firm approved by the Society according to CR “Guidelines for Approval of Service Suppliers”, by
diver or Remotely Operated Vehicle (ROV).

(i) The Society's approval is to be granted to the firms whose organization and management structure
are satisfactorily established, which employ the divers using closed-circuit television with two-way
communication or operators using Remotely Operated Vehicle (ROV) for the In-Water Survey work
and which have sufficient equipment proved suitable for the work undertaken.

(iii)  The continued approval of the firm is to depend on its original standards and ability being maintained.
Any changes in the information originally supplied are to be reported to the Society; however, the
approval is to be renewed after a period not exceeding 5 years.

2.1.5  Provision for surveys

(a) Conditions for survey
(i) The owner is to provide the necessary facilities for a safe execution of the survey.
(i) Tanks and spaces are to be safe for access, i.e. gas freed, ventilated, and illuminated.

(iii)  Tanks and spaces are to be sufficiently clean and free from water, scale, dirt, oil residues, etc. to
reveal corrosion, deformation, fractures, damages or other structural deterioration. In particular, this
applies to areas which are subject to thickness measurement.

(iv)  Sufficient illumination is to be provided to reveal corrosion, deformation, fractures, damages or other
structural deterioration.

(b) Access to structures
() For survey, means are to be provided to enable the Surveyor to examine the hull structure in a safe
and practical way.
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(i) For survey in cargo holds and water ballast tanks, one or more of the following means for access,
acceptable to the Surveyor, is to be provided.

(1) Permanent staging and passages through structures.

(2) Temporary staging and passages through structures.

(3) Hydraulic arm vehicles such as conventional cherry pickers, Lifts and moveable platforms.
(4) Other equivalent means.

(iii)  For Surveys conducted by use of a Remote Inspection Technique (RIT), one or more of the following
means for access, acceptable to the Surveyor, is to be provided:

(1) Unmanned robot arm

(2) Remotely Operated Vehicles (ROV)
(3) Unmanned Aerial Vehicles / Drones
(4) Other means acceptable to the Society.

Equipment for survey

(1) Thickness measurement is normally to be carried out by means of ultrasonic test equipment. The
accuracy of the equipment is to be proven to the Surveyor as required.

(i) One or more of the following fracture detection procedures may be required if deemed necessary by
the Surveyor:

(1) Radiographic equipment.

(2) Ultrasonic equipment.

(3) Magnetic particle equipment.
(4) Dye penetrate.

2.2 Bottom Surveys

221

Bottom Surveys in dry dock

At each Bottom Survey in dry dock the following requirements are to be complied with:

(a)

(b)

(c)

(d)
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Normally the craft is to be placed on blocks of sufficient height in a dry dock or on a slipway and cleaned,
and proper staging is to be erected as may be necessary for examination. A docking survey covers an
examination of elements such as shell plating including bottom and bow plating, stern frame and rudder, sea
chests and vlaves, propellers, etc. The shell plating is to be examined for excessive corrosion, or deterioration
due to chafing or contact with the ground and for any undue unfairness or buckling. Special attention is to
be paid to the connection between the bilge strakes and the bilge keels. Important plate unfairness or other
deterioration which do not necessitate immediate repairs are to be recorded.

Sea chests and their gratings, sea connections and overboard discharge valves and cocks and their fastenings
to the hull or sea chests are to be examined. Valves and cocks need not be opened up more than once in a
Special Survey period unless considered necessary by the Surveyor.

Visible parts of rudder, rudder pintles, rudder stocks and couplings, stern frame, gudgeons, etc. are to be
examined. If considered necessary by the Surveyor, the rudder is to be lifted or the inspection plates removed
for the examination of pintles. The clearance in the rudder bearing is to be ascertained and recorded. Where
applicable, pressure test of the rudder may be required as deemed necessary by the Surveyor.

Visible parts of propeller and stern bush, are to be examined. The clearance in the stern bush and the
efficiency of the oil gland, if fitted, are to be ascertained and recorded. For controllable pitch propellers, the
Surveyor is to be satisfied with the fastenings and tightness of hub and blade sealing. Dismantling need not
to be carried out unless considered necessary by the Surveyor.

Survey in place for the propeller shaft and stern tube shaft is to be carried out as per requirement of 2.3.6.
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(e) Visible parts of side thrusters are to be examined. Other propulsion systems which also have manoeuvring
characteristics (such as directional propellers, vertical axis propellers, waterjet units) are to be examined
externally with focus on the condition of gear housing, propeller blades, bolt locking and other fastening
arrangements. Sealing arrangement of propeller blades, propeller shaft and steering column shall be verified.
Dismantling may be required to the extent found necessary by the Surveyor.

() Anchor and anchor chains are to be arranged and examined. Chain lockers are to be internally examined. The
diameter of anchor chain cables is to be measured at Special Survey No. 2 and subsequent Special Survey.

(9) Special consideration may be given in application of relevant requirements of this section to commercial
ships owned or chartered by Governments, which are utilized in support of military operations or service.

2.2.2  In-Water Survey

(a) General requirements

0] The underwater body is to be protected against corrosion by a full hard coating system and strongly
recommended to be also protected by an impress current cathodic protection system.

(ii)  The information obtained from the In-Water Survey is to be as reliable as that obtained from the
docking survey.

(iii)  The In-Water Survey is to provide the information normally obtained from a docking survey. Special
consideration shall be given to ascertaining rudder bearing clearances and stern bush clearances of
oil stern bearings based on a review of the operating history, on board testing and stern oil sample
reports. These considerations are to be included in the proposals for In-Water Survey which are to be
submitted in advance of the survey so that satisfactory arrangements can be agreed with the Society.

(iv)  Application for the subsequent In-Water Survey is also to be submitted to the Society for acceptance.

(V) The In-Water Survey is to be carried out with the craft in sheltered water and preferably with weak
tidal streams and currents. The in-water visibility and the cleanliness of the hull below the waterline
is to be clear enough to permit a meaningful examination which allows the surveyor and the In-Water
Survey firm to determine the condition of the plating, appendages and the welding. The Society is to
be satisfied with the methods of orientation of the divers or Remotely Operated Vehicle (ROV) on
the plating, which should make use where necessary of permanent markings on the plating at selected
points.

(vi)  The equipment, procedure for observing and reporting the survey are to be discussed with the parties
involved prior to the In-Water Survey, and suitable time is to be allowed to permit the In-Water
Survey firm to test all equipment beforehand.

(vii)  The In-Water Survey is to be carried out under the surveillance of a surveyor by an In-Water Survey
firm approved as a service supplier according to “Guidelines for Approval of Service Suppliers” of
the Society.

(viii) The Surveyor is to be satisfied with the method of pictorial representation, and a good two-way
communication between the Surveyor and divers is to be provided.

(ix)  If the In-Water Survey reveals damage or deterioration that requires early attention, the Surveyor may
require that the craft be drydocked in order that a detailed survey can be undertaken and the necessary
repairs carried out.

x) The In-Water Survey may not be applicable if there are outstanding recommendations for repairs to
the propeller, rudder, stern frame, underwater hull structure, or sea valves.

(b) Plans and documents
When craft are intended to be subjected to an In-Water Survey, the following plans and documents are to be
submitted to the Society:
(i) Plans of the shell plating below waterline showing the details of the location and sizes of shell
opening, location of bottom plugs, location of water and oil tight bulkheads;

(i) Detailed information or drawings of constructions and arrangement indicated in the item (c) below
together with their colour photographs and detailed instruction for inspection of such constructions
and arrangements; and
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(c)

(d)

(iii)

Other data, if deemed necessary.

Constructions and arrangements

The constructions and arrangements of craft which are intended to be subjected to an In-Water Survey are to
comply with the following:

(M)
(i)
(i)
(iv)
(v)
(vi)
(vii)

(vii)

(1)
(ii)
(iii)

Anodes are to be attached in such a manner as to be easily replaced where necessary.

Rudder is to be provided with the means of facilitating the measurement of clearances in way of each
pintle. Liners on rudder stock and pintles are to be marked in such a way so that any relative
movements can be checked.

Rope guard ring plates are to be of such constructions as to facilitate the inspection of shafts between
propeller hubs and stern frame boss.

In case of water lubricating type stern-tube bearings, the devices which may indicate the clearance of
propeller shaft strut and stern bearings are to be provided.

In case of oil lubricating type stern-tube bearings, suitable means of ascertaining the performances of
stern-tube bearings including oil sealing devices are to be provided.

Suitable means of ascertaining the position and identifying each blade of propellers from inboard are
to be provided.

Sea connections are to be provided with the means of blanking their openings to the sea from outboard
so that the sea connections may be opened up from inboard for examination and repairs. Grating of
sea suctions are to be of hinged type as far as practicable.

To the hull below load water line, provision is to be made for ready identification of the position of
bulkheads and transverses (including indication of the number of transverses). To bottom shell
plating, provision is to be made for ready identification of the flat bottom and of craft's lengthwise
(fore and aft) and athwartship (port side or starboard side) direction.

Performance of In-Water Survey

The In-Water Survey is to be carried out in sufficiently clear and calm waters. The craft is to be as
light as possible. The shell side below the waterline are to be sufficiently clean.

The underwater pictures on the surface monitor screen are to offer reliable technical information such
as to enable the Surveyor to judge the parts surveyed.

The In-Water Survey is to provide the information normally obtained from a Bottom Survey in dry
dock. It at least covers an examination of the bottom and side plates of the shell plating, including
any attachments and the rudder, an external examination of propellers as well as propeller shafts, and
the cleaning condition of sea chests.

| 2.3 Surveys of Propeller Shafts and Tube Shafts
2.3.1  General
(a) Application
(i) Unless alternative means are provided to assure the condition of the propeller shaft assembly, the
requirements specified in 2.3.2 and 2.3.3 apply to all vessels with conventional shafting fitted with a
propeller.
(i) The surveys for miscellaneous propellers including controllable pitch propellers, directional propeller
units and waterjet units are to be carried out in accordance with 2.3.4.
(iii)  Propeller shaft condition monitoring, survey in place and wear-down limits are to in accordance with
2.3.5102.3.7.
(b) Definitions (See also Fig. | 2-1(a)&(b))
(i) Shaft
For the purpose of this paragraph shaft is a general definition that includes:
(1) Propeller shaft
(2) Tube shaft
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(i)

(iii)

Rudder

Propeller

(iv)

v)

(vi)

(vii)

(viii)
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The definition does not include the intermediate shaft(s) which is(are) considered part of the propulsion
shafting inside the vessel.

Propeller Shaft

Propeller shaft is the part of the propulsion shaft to which the propeller is fitted. It may also be called
screwshaft or tailshaft.

Tube Shaft

Tube shaft is a shaft placed between the intermediate shaft and propeller shaft, normally arranged within
a stern tube or running in open water. It may also be called Stern Tube Shaft.

s | fHL&ﬂ
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Fig. I 2-1(a)
Typical Shafting Arrangement

Forward Sterntube Seal Gearbox Main Engine
S/ i S/T Beari \ |
Aft S/T Bearing earing Inboard .
Sterntube (S/T) /(.ouplln;, - | ;
— ) N i — T 5

Aft Bracket Fwd Bracket | \Outhoard —— : e

_Bush Bush Coupling I e — 4[_
Intermediate
= Propeller Shaft - Tube Shaft Shaft
Fig. 1 2-1(b)

Typical Water Lubricated Shaft Systems

Sterntube

Tube or pipe fitted in the shell of a craft at the stern (or rear part of the craft), below the water-line,
through which passes the tube shaft or aftermost section of the propeller-shaft.

Sterntube is the housing of the shaft bearings, generally two (one aft and one fore), that sustain the shaft
and allows its rotation with less frictional resistance. The stern tube also accommaodates the shaft sealing
arrangement.

Closed loop (system) oil lubricated bearing

Closed loop oil lubricating systems use oil to lubricate the bearings and are sealed against the
environment (seawater) by adequate sealing / gland devices.

Water Lubricated Bearing
Water lubricated bearings are bearings cooled / lubricated by water (fresh or salt).
Closed Loop System Fresh Water Lubricated Bearing

Closed loop water lubricating systems use fresh water to lubricate the bearings and are sealed against
the environment (such as seawater) by adequate sealing / gland devices.

Open Systems (water)
Open water lubricating systems use water to lubricate the bearings and are exposed to the environment.
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(ix)

)

(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

Adequate means for protection against corrosion

An adequate means for protection against corrosion is an approved means for full protection of the core
shaft against sea water intrusion and subsequent corrosion attack. Such means are used for the protection
of common steel material against corrosion particularly in combination with water lubricated bearings.

Typical means are for example:

(1) continuous metallic, corrosion resistant liners,
(2) continuous cladding,

(3) multiple layer synthetic coating,

(4) multiple layer of fiberglass,

(5) combinations of above mentioned,

(6) rubber / elastomer covering coating.

The means for protection against corrosion are installed / applied according to the Society approved
procedures.

Corrosion Resistant Shaft
Corrosion resistant shaft is made in approved corrosion resistant steel as core material for the shaft.
Sterntube Sealing System

Sterntube Sealing System is the equipment installed on the inboard extremity and, for closed systems,
at outboard extremity of the sterntube. Inboard Seal is the device fitted on the fore part of the sterntube
that achieve the sealing against the possible leakage of the lubricant media in to the craft internal.

Outboard seal is the device fitted on the aft part of the sterntube that achieve the sealing against the
possible sea water ingress and the leakage of the lubricant media.

Service records

Service records are regularly recorded data showing in-service conditions of the shaft(s) and may
include, as applicable: lubricating oil temperature, bearing temperature and oil consumption records (for
oil lubricated bearings) or water flow, water temperature, salinity, pH, make-up water and water pressure
(for closed loop fresh water lubricated bearings depending on design).

Oil sample examination

An oil sample examination is a visual examination of the stern tube lubricating oil taken in presence of
the Surveyor with a focus on water contamination.

Lubricating oil analysis

Lubricating oil analysis is to be carried out at regular intervals not exceeding 6 months taking into
account IACS Rec. 36.

The documentation on lubricating oil analysis is to be available on board.

Oil samples, to be submitted for the analysis, should be taken under service conditions.
Fresh Water sample test

Fresh water sample test should be carried out at regular intervals not exceeding 6 months.

Samples are to be taken under service conditions and are to be representative of the water circulating
within the sterntube.

Analysis results are to be retained on board and made available to the Surveyor.

At time of survey the sample for the test has to be taken at the presence of the Surveyor.
Fresh water sample test shall include the following parameters:

(1) chlorides content,

(2) pH value,

(3) presence of bearing particles or other particles (only for laboratory analysis, not required for
tests carried out in presence of the Surveyor).

Keyless connection

Keyless connection is the forced coupling Methodology between the shaft and the propeller without a
key achieved through interference fit of the propeller boss on the shaft tapered end.

(xvii) Keyed connection
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Keyed connection is the forced coupling Methodology between the shaft and the propeller with a key
and keyway achieved through the interference fit of the propeller boss on the shaft tapered end.

(xviii) Flanged connection

Flanged connection is the coupling Methodology, between the shaft and the propeller, achieved by a
flange, built in at the shaft aft end, bolted to propeller boss.

(xix)  Alternative means

Shafting arrangements such as, but not limited to, an approved Condition Monitoring Scheme and / or
other reliable approved means for assessing and monitoring the condition of the tail shaft, bearings,
sealing devices and the stern tube lubricant system capable to assure the condition of the propeller shaft
assembly with an equivalent level of safety as obtained by survey methods as applicable herein.

2.3.2  Qil lubricated shafts or closed loop system fresh water lubricated shafts (closed system)

(a) Shaft survey methods
(i) METHOD 1 (IACS UR Z21)
The survey is to consist of:
- Drawing the shaft and examining the entire shaft, seals system and bearings
- For keyed and keyless connections:
*  Removing the propeller to expose the forward end of the taper,

»  Performing a non-destructive examination (NDE) by an approved surface crack-detection
method all around the shaft in way of the forward portion of the taper section, including
the keyway (if fitted). For shaft provided with liners the NDE shall extended to the after
edge of the liner.

- For flanged connection:

*  Whenever the coupling bolts of any type of flange-connected shaft are removed or the
flange radius is made accessible in connection with overhaul, repairs or when deemed
necessary by the Surveyor, the coupling bolts and flange radius are to be examined by
means of an approved surface crack detection method.

- Checking and recording the bearing clearances.

- Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

- Verification of the satisfactory conditions of inboard and outboard seals during the re-installation
of the shaft and propeller.

- Recording the bearing weardown measurements (after re-installation)
(i) METHOD 2 (IACS UR Z21)
The survey is to consist of:
- For keyed and keyless connections:
»  Removing the propeller to expose the forward end of the taper,

«  Performing a non-destructive examination (NDE) by an approved surface crack-detection
Method all around the shaft in way of the forward portion of the taper section, including
the keyway (if fitted).

- For flanged connection:

*  Whenever the coupling bolts of any type of flange-connected shaft are removed or the
flange radius is made accessible in connection with overhaul, repairs or when deemed
necessary by the Surveyor, the coupling bolts and flange radius are to be examined by
means of a an approved surface crack detection Method.

- Checking and recording the bearing weardown measurements.
- Visual Inspection of all accessible parts of the shafting system.

- Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

- Seal liner found to be or placed in a satisfactory condition.
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(iif)

Verification of the satisfactory re-installation of the propeller including verification of
satisfactory conditions of inboard and outboard seals.

Pre-requisites to satisfactorily verify in order to apply METHOD 2:

Review of service records.

Review of test records of:

»  Lubricating Oil analysis (for oil lubricated shafts), or

»  Fresh Water Sample test (for closed system fresh water lubricated shafts).

Oil sample Examination (for oil lubricated shafts), or Fresh Water Sample test (for closed system
fresh water lubricated).

Verification of no reported repairs by grinding or welding of shaft and/or propeller.

METHOD 3 (IACS UR Z21)
The survey is to consist of:

Checking and recording the bearing weardown measurements.
Visual Inspection of all accessible parts of the shafting system.

Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

Seal liner found to be or placed in a satisfactory condition.
Verification of the satisfactory conditions of inboard and outboard seals.

Pre-requisites to satisfactorily verify in order to apply METHOD 3:

Review of service records.

Review of test records of

*  Lubricating Oil analysis (for oil lubricated shafts), or

*  Fresh Water Sample test (for closed system fresh water lubricated shafts).

Oil sample Examination (for oil lubricated shafts), or Fresh Water Sample test (for closed system
fresh water lubricated).

Verification of no reported repairs by grinding or welding of shaft and/or propeller.

(b) Shaft extension surveys - Extension types
Extension up to 2.5 years
The survey is to consist of:
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(i)

Checking and recording the bearing weardown measurements, as far as practicable.
Visual Inspection of all accessible parts of the shafting system.

Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

Verification of the effectiveness of the inboard seal and outboard seals.

Pre-requisites to satisfactorily verify in order to apply EXTENSION UP TO 2.5 YEARS:

Review of service records.

Review of test records of

*  Lubricating Oil analysis (for oil lubricated shafts), or

*  Fresh Water Sample test (for closed system fresh water lubricated shafts).

Oil sample Examination (for oil lubricated shafts), or Fresh Water Sample test (for closed system
fresh water lubricated).

Verification of no reported repairs by grinding or welding of shaft and/or propeller.

Confirmation from the Chief Engineer that the shafting arrangement is in good working
condition.
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(i) Extension up to 1 year
The survey is to consist of:
- Visual Inspection of all accessible parts of the shafting system.

- Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

- Verification of the effectiveness of the inboard seal and outboard seals.
Pre-requisites to satisfactorily verify in order to apply EXTENSION UP TO 1YEAR:
- Review of the previous weardown and/or clearance recordings.
- Review of service records.
- Review of test records of

«  Lubricating Oil analysis (for oil lubricated shafts), or

»  Fresh Water Sample test (for closed system fresh water lubricated shafts).

- Oil sample Examination (for oil lubricated shafts), or Fresh Water Sample test (for closed system
resh water lubricated).

- Verification of no reported repairs by grinding or welding of shaft and/or propeller.

- Confirmation from the Chief Engineer that the shafting arrangement is in good working
condition.

(iii)  Extension up to 3 months
The survey is to consist of:
- Visual Inspection of all accessible parts of the shafting system.
- Verification of the effectiveness of the inboard seal.
Pre-requisites to satisfactorily verify in order to apply EXTENSION UP TO 3 MONTHS:
- Review of the previous weardown and/or clearance recordings.
- Review of service records.
- Review of test records of.
*  Lubricating Oil analysis (for oil lubricated shafts), or
«  resh Water Sample test (for closed system fresh water lubricated shafts).

- Oil sample Examination (for oil lubricated shafts), or Fresh Water Sample test (for closed system
fresh water lubricated).

- Verification of no reported repairs by grinding or welding of shaft and/or propeller.

- Confirmation from the Chief Engineer that the shafting arrangement is in good working
condition.

(c) Oil lubricated shafts
0] Survey intervals

For surveys completed within 3 months before the shaft survey due date, the next period will start from
the shaft survey due date.

(1) Flanged propeller connection
The following Methods are applicable:

a) Method 1 every 5 years, or
b) Method 2 every 5 years (pre-requisites have to be fulfilled), or
c) Method 3 every 5 years (pre-requisites have to be fulfilled).

(2) Keyless propeller connection
The following Methods are applicable:

a) Method 1 every 5 years, or
b) Method 2 every 5 years (pre-requisites have to be fulfilled), or

c) Method 3 every 5 years (pre-requisites have to be fulfilled). The maximum interval between
2 surveys carried out according to Method 1 or Method 2 shall not exceed 15 years, except
in the case when one extension for no more than 3 months is granted.
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(i)

®3)

Keyed propeller connection

The following Methods are applicable:
a) Method 1 every 5 years, or

b) Method 2 every 5 years (pre-requisites have to be fulfilled).

Survey extensions

For all types of propeller connections, the interval between two consecutive surveys may be extended
after the execution of extension survey as follows:

1)
)

@)

Extension up to a maximum of 2.5 years: no more than one extension can be granted. No further
extension, of other type, can be granted.

Extension up to a maximum of 1 year: no more than two consecutive “one year extensions” can
be granted. In the event an additional extension is requested the requirements of the “2.5 year
extension” are to be carried out and the shaft survey due date, prior to the previous extension(s),
is extended for a maximum of 2.5 years.

Extension up to a maximum of 3 months: no more than one “3 months extension” can be granted.
In the event an additional extension is requested the requirements of the “one year extension” or
“2.5 years extension” are to be carried out and the shaft survey due date, prior to the previous
extension, is extended for a maximum of one year or 2.5 years.

The extension survey should normally be carried out within 1 month of the shaft survey due date and
the extension counts from the shaft survey due date.

If the extension survey is carried out more than 1 month prior to the shaft survey due date, then the
period of extension counts from the date of the extension survey was completed.

(d) Survey intervals of closed loop system fresh water lubricated shafts

The maximum interval between two surveys carried out according to Method 1 shall not exceed 15 years.
An extension for no more than 3 months can be granted.

For surveys completed within 3 months before the shaft survey due date, the next period will start
from the shaft survey due date.
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(i)

(i)

1)

)

®3)

Flanged propeller connection
The following Methods are applicable:

a) Method 1 every 5 years, or
b) Method 2 every 5 years (pre-requisites have to be fulfilled), or
c) Method 3 every 5 years (pre-requisites have to be fulfilled).

Keyless propeller connection
The following Methods are applicable:

a) Method 1 every 5 years, or
b) Method 2 every 5 years (pre-requisites have to be fulfilled), or
c) Method 3 every 5 years (pre-requisites have to be fulfilled).

Keyed propeller connection
The following Methods are applicable:

a) Method 1 every 5 years, or
b) Method 2 every 5 years (pre-requisites have to be fulfilled).

Survey extensions

For all types of propeller connections, the interval between two consecutive surveys may be extended
after the execution of extension survey as follows:

)
)

Extension up to a maximum of 2.5 years, no more than one extension can be granted.

No further extension, of other type, can be granted.

Extension up to a maximum of 1 year, no more than two consecutive extensions can be granted.
In the event an additional extension is requested the requirements of the "2.5 year extension" are
to be carried out and the shaft survey due date, prior to the previous extension(s), is extended for
a maximum of 2.5 years.
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(3) Extension up to a maximum of 3 months, no more than one "3 months extension™ can be granted.
In the event an additional extension is requested the requirements of the "one year extension" or
"2.5 years extension™ are to be carried out and the shaft survey due date, prior to the previous
extension, is extended for a maximum of one year or 2.5 years.

The extension survey should normally be carried out within 1 month of the shaft survey due date and
the extension counts from the shaft survey due date.

If the extension survey is carried out more than 1 month prior to the shaft survey due date, then the
period of extension counts from the date of the extension survey was completed.

The maximum interval between two surveys carried out according to Method 1 shall not exceed 15 years,
except in the case when one extension for no more than 3 months is granted.

(e) Survey Intervals for closed systems see the following Table.

Survey Intervals for Closed Systems

Survey Intervals (closed systems)
Oil Lubricated

Flanged Propeller Keyless Propeller Keyed Propeller
Coupling Coupling Coupling®

Every 5 years® Method 1 or Method 2 or Method 1 or Method 2 or Method 1 or Method 2
Method 3 Method 3©)

Extension 2.5 years Yes® Yes® Yes®

Extension 1 year Yes® Yes® Yes®

Extension 3 months Yes® Yes® Yes®

Closed Loop System Fresh Water Lubricated

Flanged Propeller Keyless Propeller Keyed Propeller
Coupling Coupling Coupling®

Every 5 years®™ Method 1 or Method 2 or | Method 1 or Method 2 or | Method 1 or Method 2
Method 3 Method 3

Extension 2.5 years Yes® Yes® Yes®

Extension 1 year Yes® Yes® Yes®

Extension 3 months Yes® Yes® Yes®

Footnotes:

For surveys (Method 1, or Method 2, or Method 3) completed within 3 months before the shaft survey due date, the
next period will start from the shaft survey due date.

The extension survey should normally be carried out within 1 month of the shaft survey due date and the extension
counts from the shaft survey due date. If the extension survey is carried out more than 1 month prior to the shaft
survey due date, then the period of extension counts from the date of the extension survey was completed.

Notes:

(1) Unless an Extension type (Extension 2.5 years, Extension 1 year, Extension 3 months) is applied in between.

(2) Method 3 not allowed.

3 The maximum interval between two surveys carried out according to Method 1 or Method 2 shall not exceed
15 years, except in the case when one extension for no more than 3 months is granted.

(@) No more than one extension can be granted. No further extension of other type can be granted.

(5) No more than two consecutive extensions can be granted. In the event an additional extension is requested the
requirements of the ""2.5 years extension" are to be carried out and the shaft survey due date, prior to the previous
extension(s), is extended for a maximum of 2.5 years.

(6) No more than one 3 months extension can be granted. In the event an additional extension is requested the
requirements of the "1 year extension" or "2.5 years extension" are to be carried out and the shaft survey due
date, prior to the previous extension, is extended for a maximum of one year or 2.5 years.

@) The maximum interval between two surveys carried out according to Method 1 shall not be more than 15 years.
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2.3.3

Water Lubricated shafts (open systems)

(a) Shaft Survey Methods
METHOD 4 (IACS UR Z21)
The survey is to consist of:

(i)

Drawing the shaft and examining the entire shaft (including liners, corrosion protection system

and stress reducing features, where provided), inboard seal system and bearings.

For keyed and keyless connections:
removing the propeller to expose the forward end of the taper,

+ performing a non-destructive examination (NDE) by an approved surface crack-detection
Method all around the shaft in way of the forward portion of the taper section, including
the keyway (if fitted). For shaft provided with liners the NDE shall be extended to the after
edge of the liner.

For flanged connection:
Whenever the coupling bolts of any type of flange-connected shaft are removed or the
flange radius is made accessible in connection with overhaul, repairs or when deemed
necessary by the surveyor, the coupling bolts and flange radius are to be examined by
means of an approved surface crack detection method.

Checking and recording the bearing clearances.

Verification that the propeller is free of damages which may cause the propeller to be out of

balance.

Verification of the satisfactory conditions of inboard seal during re-installation of the shaft and
propeller.

(b) Shaft extension surveys - Extension types
Extension up to 1 year
The survey is to consist of:
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(i)

(i)

Visual Inspection of all accessible parts of the shafting system.

Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

Checking and recording the clearances of bearing.
Verification of the effectiveness of the inboard seal.

Pre-requisites to satisfactorily verify in order to apply EXTENSION UP TO 1 YEAR:

Review of the previous clearance recordings.
Service records.
Verification of no reported repairs by grinding or welding of shaft and/or propeller.

Confirmation from the Chief Engineer that the shafting arrangement is in good working
condition.

Extension up to 3 months
The survey is to consist of:

Visual Inspection of all accessible parts of the shafting system.

Verification that the propeller is free of damages which may cause the propeller to be out of
balance.

Verification of the effectiveness of the inboard seal.

Pre-requisites to satisfactorily verify in order to apply extension up to 3 months:

Review of the previous clearance recordings.
Service records.
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- Verification of no reported repairs by grinding or welding of shaft and/or propeller.

Confirmation from the Chief Engineer that the shafting arrangement is in good working
condition.

(c) Shaft Survey Intervals
() The following survey intervals between surveys according to Method 4 are applicable to all types of
propeller connections.

- For keyless propeller connections the maximum interval between two consecutive dismantling
and verifications of the shaft cone by means of non-destructive examination (NDE) shall not
exceed 15 years.

- For surveys completed within 3 months before the shaft survey due date, the next period will
start from the shaft survey due date.

(1) Configurations allowing 5 year intervals
- Single shaft operating exclusively in fresh water.

- Single shaft provided with adequate means of corrosion protection, or single corrosion
resistant shaft.
- All kinds of multiple shafts arrangements.

(2) Other systems
Shaft not belonging in one of the configurations listed in (1) above has to be surveyed according
to Method 4 every 3 years.

(i) Survey extensions

For all types of propeller connections, the interval between two consecutive surveys may be extended

after the execution of extension survey as follows:

(1) Extension up to a maximum of 1 year: no more than 1 extension can be granted.

No further extension, of other type, can be granted.

(2) Extension up to a maximum of 3 months: no more than 1 "3 months extension™ can be granted.
In the event an additional extension is requested the requirements of the "1 year extension" are
to be carried out and the shaft survey due date prior to the previous extension is extended for a
maximum of 1 year.

The extension survey should normally be carried out within 1 month of the shaft survey due date and

the extension counts from the shaft survey due date.

If the extension survey is carried out more than 1 month prior to the shaft survey due date, then the

period of extension counts from the date of the extension survey was completed.
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(d) Survey intervals for open systems see the following table.

Survey Intervals (Open Systems)

Survey Intervals (Open Systems)

Single shaft operating exclusively in fresh water. Other shaft configuration
Single shaft provided with adequate means of
corrosion protection, single corrosion resistant shafts
All kinds of multiple shafts arrangements

All kinds of propeller coupling® All kinds of propeller coupling®

Every 5 years® Method 4 Every 3 years® Method 4
Extension 1 year Yes® Extension 1 year Yes®
Extension 3 months Yes® Extension 3 months Yes®
Footnotes:

For surveys (Method 4) completed within 3 months before the shaft survey due date, the next period will start from
the shaft survey due date.

The extension survey should normally be carried out within 1 month of the shaft survey due date and the extension
counts from the shaft survey due date. If the extension survey is carried out more than 1 month prior to the shaft
survey due date, then the period of extension counts from the date of the extension survey was completed.

Notes:

(1) Unless an Extension type (Extension 1Y, Extension 3 M) is applied in between.

(2) No more than one extension can be granted. No further extension, of other type, can be granted.

3 No more than one extension can be granted. In the event an additional extension is requested the requirements
of the one year extension are to be carried out and the shaft survey due date prior to the previous extension is
extended for a maximum of 1 year.

(4) For keyless propeller connections the maximum interval between two consecutive dismantling and verifications

of the shaft cone by means of non-destructive examination (NDE) shall not exceed 15 years.

2.3.4  Miscellaneous propellers

(a) Controllable pitch propellers where fitted are to be opened up and the working parts examined, together with
the control gear.

(b) Directional propeller units are to be examined as the following requirements.

0] Lubrication oil samples are to be taken and sent to a recognised laboratory for analysis at regular
intervals, not exceeding 3 months. Records of lubrication oil analysis are to include trends of previous
analysis, and be available onboard at all times. A representative oil sample is to be taken before the
filters and with the unit in its normal running condition. Oil analysis is to detect iron (Fe) and other
solid contamination in addition to possible water content. Acceptance criteria for wear particles and
water content are set by the relevant thruster maker (in case thruster maker criteria are not available
due to e.g. bankruptcy of gear thruster maker, the water content due to condensation is normally not
to exceed 0.5%). The oil analysis is to cover all of the following areas, if applicable:

(1) lubrication oil for gears, bearings;
(2) sealing boxes;

(3) steering gear; and

(4) propeller.

If the propeller shafts seal oil systems do not allow for sampling unless the vessel is in dry dock, a
representative oil analysis is to be taken in connection with the bottom survey in dry-dock.

(i) The thrusters are to be subjected to complete survey every 5 years. The complete survey is to include:

(1) evaluation of oil analysis of gear lubrication oil, propeller hydraulic system oil and sealing
system oil as specified in 2.3.3(b)(i) above.

(2) opening up of protection covers.

(3) inspection of power transmission gear, bearings, visible parts of shafts and general condition of
housing internally. Gear clearance and axial play of bearings shall be measured.
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(4) examination of controllable pitch mechanism oil transmission system and feedback system.

(5) full stroke ahead and astern are to be verified and correct blade position feed-back and indication
verified.

(6) examination of steering column and related sealing and bearing.
(7) running test at MCR (max continuous rating).

(iii)  Inboard parts of the thruster accessible from the inside, such as drive motors, shafting system, gear
transmissions, pumps and piping systems, alarm, safety and control systems are covered by the class
surveys of machinery. This will be applicable for e.g. Voith-Schneider and pump type thrusters.

(iv)  Outboard parts of the thruster, accessible from the outside, are to be externally examined during by
the bottom surveys.

(V) If the thruster is overhauled at the time of the complete survey, NDT for TIFF (tooth interior fatigue
fracture) shall be carried out according to maker's requirements and acceptance criteria. If the thruster
is overhauled during the interval between two scheduled surveys, satisfactory documentation for NDT
(TIFF) performed according to maker's requirements and acceptance criteria is to be submitted to the
attending Surveyor at the next survey. Mounting of the thruster on board is to be verified and function
tested.

(c) Waterjet units

Waterjet units for main propulsion purposes, including the impeller, casing, shaft, shaft seal, shaft bearing,
inlet and outlet channels, steering nozzle, reversing arrangements, and control gear are to be surveyed at
intervals not exceeding 5 years, provided the impeller shafts are made of approved corrosion-resistant
material or have approved equivalent arrangements. They are to be generally examined so far as practicable.
Dismantling may be required to the extent found necessary by the Surveyor.

(d) Dynamic positioning and/or thruster-assisted mooring and athwartship thrust propellers and shaftings are to
be surveyed at intervals not exceeding 5 years. They are to be generally examined so far as possible in dry
dock and tested under working conditions afloat for satisfactory operation. All accessible parts, including
sealing, locking and bearing faces, and any other moving parts are to be examined. Non-destructive
examination is to be carried out as considered necessary by the Surveyor on blade/fin roots. Consideration
may be given to condition monitoring schemes for determining the condition of the unit.

2.3.5  Propeller shaft condition monitoring (PCM)

(a) Where oil lubricated shaft with approved oil glands are fitted, a class notation PCM may be assigned, if its
monitoring manuals or maintenance manuals of preventive maintenance system together with relative
diagrams, are submitted and approved by the Society. The management systems are to comply with the
following:

(i) Lubricating oil analysis is to be carried out regularly at intervals not exceeding 6 months. The
lubricating oil analysis documentation is to be available on board. Each analysis is to include the
following minimum parameters:

(1) Water content;

(2) Chloride content;

(3) Bearing material and metal particles content; and

(4) Oil ageing (resistance to oxidation).

Oil samples are to be taken under service conditions and representative of the oil within the stern-tube.
(ii) Oil consumption is to be recorded monthly.

(iii)  Bearing temperatures are to be recorded daily, (two temperature sensors with alarm or other approved
arrangements are to be provided).

(iv)  Facilities are to be provided for measurement of bearing wear down.

(v) Oil glands are to be capable of being replaced without withdrawal of the propeller shaft or removal
of the propeller.

(b) For maintenance of the PCM notation, Annual Survey is to be carried out as follows:

CR CLASSIFICATION SOCIETY - 51 -
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART I CHAPTER 2
2.3 Surveys of Propeller Shafts and Tube Shafts

(©

(d)

()

2.3.6

() Satisfactory operating conditions of the propeller shaft are to be confirmed, including the verification
of the records of lubricating oil analysis, lubricating oil consumption, bearing temperatures and wear
down readings.

Where the notation PCM has been assigned, the propeller shaft need not be withdrawn at surveys as required
by 1.6.8 provided all condition monitoring data is found to be within permissible limits and all exposed areas
of the shaft are examined by a magnetic particle crack detection method. Where the Surveyor considers that
the data presented is not entirely to his satisfaction the shaft will be required to be withdrawn in accordance
with 1.6.8.

For craft with PCM notation, the propeller shaft survey interval required by 2.3.2(c) or (d) of this Part will
be extended up to 15 years provided:

(i) Annual Surveys are carried out to the satisfaction of the attending Surveyors, and
(ii) The followings are carried out at each propeller shaft survey due date required by 2.3.2(c) or (d).
(1) Bearing weardown measurement.

(2) Verification that the propeller is free of damage which may cause the propeller to be out of
balance.

(3) Verification of effective inboard seal.
(4) Renewal of outboard seal in accordance with manufacturer's recommendation.

(5) For keyed propellers, the fore part of the shaft taper and shaft keyway are to be examined by an
appropriate surface crack detection method (such as magnetic particle or dye-penetration), for
which dismantling of the propeller and removal of the key will be required.

Initial Survey for existing craft obtaining PCM notation

(i) All systems required by 2.3.5(a) of this Part are to be examined and tested in accordance with the
approval plans, and

(i) Propeller shaft survey as per 2.3 of this Part will be required if the last propeller shaft survey was
carried out more than 5 years prior to the initial survey, or

(iii)  The propeller shaft survey may be waived subject to satisfactory review of the following records:

(1) Six-monthly records of stern bearing oil analysis for water and metal contents, covering the last
5 years.

(2) Monthly records of stern bearing oil consumption, covering the last 5 years.
(3) Monthly records of stern bearing temperature monitoring, covering the last 5 years.
(4) Propeller shaft, stern bearing assembly and propeller operation and repair records, if available.

(5) Records of stern bearing clearance and weardown measurement from new building and last dry
docking.

Survey in place

The scope of a surveys of propeller shafts and tube shafts in place consists of:

(a)
(b)
(©
(d)

2.3.7

(@)
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Checking of the clearances of the stern tube shafts,
Checking of the tightness of the oil sealing glands,
Examination of propeller,

Where a controllable pitch propeller is fitted, it is to be ascertained that the pitch control device is in good
working order, and if considered necessary, the device is to be opened up for further examination.

Wear-down Limits

The after water-lubricated bearing other than rubber is to be rebushed when clearance has reached the
maximum allowable wear-down limit as follows:
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Machinery amidship: C Machinery after: C
D <230 6.4 mm 4.8 mm
230<D <305 8.0 mm 6.4 mm
305<D 9.5 mm 8.0 mm

D = Diameter of propeller shaft, in mm.
C = Max. allowable wear-down limit, in mm.

Water lubricated rubber bearing are to be rebushed when any water groove is 50% of the original depth, or
whenever the clearance exceeds the limits as given in (a) above for water-lubricated bearings other than
rubber, whichever occurs first.

Oil-lubricated bearings are to be rebushed when the wear down exceeds manufacturer's recommendations.

| 2.4 Boiler Survey and Thermal Oil Heater Surveys

2.4.1

(@)

(®)

(©

(d)

(e)
(

(9)

(h)

Boiler Surveys

At each survey, boilers, superheaters, and economizers are to be examined internally and externally in
cleaned condition, including seat buffers and stays, if provided.

Boiler mountings including safety valves are to be examined and opened up for further examination if
deemed necessary by the Surveyor. Safety valves are to be set as the requirements in Part V of the Rules for
Steel Ships. All studs fastening directly to boiler shells or heads, if provided, are to be examined.

In case the dimensions of boiler plates, tubes and stays are required to be ascertained, an efficient non-
destructive examination is to be carried out. The allowable working pressure may be required to reduce from
its designed working pressure if the dimension is found to be undersized due to corrosion or waste.

Boiler safety valve relieving gear (easing gear) is to be examined and tested to verify satisfactory
operation. This test is to be carried out prior to any safety valve operation or setting test under steam.

For waste heat boilers, if steam cannot be raised at port, the safety valves may be tested and set by the
Chief Engineer at sea, and the results recorded in the log book for review by the Surveyor.

The oil fuel burning system together with its safety appliances, valves, control gears, oil discharge pipes
between pumps and burners are to be examined under working condition.

Automatic combustion control devices, if provided, are to be tested under working condition.

In case an important repair carried out or if deemed necessary by the Surveyor, the hydraulic test may be
required.

Note: Hydraulic test pressures are as follows:

Boiler's age Test pressure Remarks

Age < 12 years P=125P, P, <4 MPa
P=12P,+0.2 P, >4 MPa

Age > 12 years P=1.15P,

P, is the working pressure.

In fired boilers employing forced circulation, the pumps used for this service are to be opened and examined
at each Boiler Survey.

Annual Examination

External examination of boilers including test of safety and protective devices, and test of safety valve using
its relieving gear, is to be carried out within the window of the Annual Survey of the craft.

CR CLASSIFICATION SOCIETY - 53 -
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART I CHAPTER 2
2.5 Annual Surveys

(i)

)

242

@)

Survey extensions
An extension may be granted by the Surveyor after the following is satisfactorily carried out:
(i) External examination of the boiler
(ii) Boiler safety valve relieving gear (easing gear) is to be examined and operationally tested
(iii)  Boiler protective devices (alarms and shutdowns) operationally tested
(iv)  Review of the following records since the last Boiler Survey:
Operation record, maintenance record, repair history record, and feedwater chemistry record.

Auxiliary Boiler Alternative Survey Program

Craft with an approved program of Preventative Maintenance will be given special consideration for an
alternative survey program of auxiliary boilers at the first Boiler Survey carried out during each 5-year
Special Survey period. The Boiler Survey carried out in conjunction with the Special Survey is not eligible
for the alternative survey program.

Thermal Oil Heater Surveys

Thermal oil plants are to be subjected to functional tests, while in operation.

(b) The following items are to be examined:

(i) The entire thermal oil plant for leakage.

(i) The condition of the insulation.

(iii)  The functioning of the indication, control and safety equipment.
(iv)  Remote controls for the shut-off and discharge valves.

(V) Leakage monitors for heaters (for exhausting gas heating).

(vi)  The testing of safety devices.

(c) Heating surfaces and, where appropriate, the combustion chamber, are to be examined for contamination,

corrosion, deformations and leakage.

(d) As arule, tightness tests are to be carried out to the admissible working pressure.

|25

Annual Surveys

251
Ateac

Annual Surveys - hull
h Annual Survey, the general condition of hull and equipment is to be examined so far as can be seen and placed

in satisfactory condition as necessary, attention being paid to the following items:

(@)
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Examination of weather decks, ship side plating above water line, hatch covers and coamings and watertight
penetrations.

0] Confirmation is to be obtained that no unapproved changes have been made to the hatch covers, hatch
coamings and their securing and sealing devices since the last survey.

(i)  Where mechanically operated steel covers are fitted, checking the satisfactory condition, as
applicable, of:

(1) Hatch covers;

(2) Tightness devices of longitudinal, transverse and intermediate cross junctions (gaskets, gasket
lips, compression bars, drainage channels);

(3) Clamping devices, retaining bars, cleating;
(4) Chain or rope pulleys;

(5) Guides;

(6) Guide rails and track wheels;

(7) Stoppers, etc;

(8) Wires, chains, gypsies, tensioning devices;
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(9) Hydraulic system essential to close and securing;
(10) Safety locks and retaining devices.

(iii)  Where portable covers, wooden or steel pontoons are fitted, checking the satisfactory condition,
where applicable, of:

(1) Wooden covers and portable beams, and their securing devices;
(2) Steel pontoons;
(3) Tarpaulins;
(4) Cleats, battens, wedges;
(5) Hatch securing bars and their securing devices;
(6) Loading pads/bars and the side plate edge;
(7) Guide plates and chocks;
(8) Compression bars, drainage channels and drain pipes (if any).
(iv)  Checking the satisfactory condition of hatch coaming plating and their stiffeners,where applicable.
(V) Random checking of the satisfactory operating of mechanically operated hatch covers is to be made
including:
(1) Stowage and securing in open condition;
(2) Proper fit and efficiency of sealing in closed condition; and
(3) Operational testing of hydraulic and power components, wires, chains and link drives.
(vi)  Examination of the weld connection between air pipes and deck plating.
(vii)  External examination of all air pipe heads installed on the exposed decks.
(viii) Examination of flame screens on vents to all bunker tanks.
(ix)  Examination of ventilators, including closing devices, if any.

(b) Suspect Areas and Examination of Ballast Tanks

(i) Suspect Areas identified at previous surveys are to be examined. Thickness measurements are to be
taken of the areas of substantial corrosion and the extent of thickness measurements is to be increased
to determine areas of substantial corrosion. Table | 2-3 may be used as guidance for these additional
thickness measurements. These extended thickness measurements are to be carried out before the
Annual Survey is credited as completed.

(i) Examination of ballast tanks when required as a consequence of the results of the Special Survey and
Intermediate Survey is to be carried out. When considered necessary by the Surveyor, or where
extensive corrosion exists, thickness measurement is to be carried out. If the results of these thickness
measurements indicate that Substantial Corrosion is found, then the extent of thickness measurements
is to be increased to determine areas of substantial corrosion. Table | 2-3 may be used as guidance
for these additional measurements. These extended thickness measurements are to be carried out
before the Annual Survey is credited as completed.

(c) Protection of other openings
(i) Hatchways, manholes, and scuttles in freeboard and superstructure decks.

(i) Machinery casings, fiddley covers, companion-ways and deckhouses protecting openings in
freeboard or enclosed superstructure decks.

(iii)  Portlights together with dead covers, cargo ports, bow or stern access, chutes and similar openings in
craft's sides or ends below the freeboard deck or in way of enclosed superstructures.

(iv)  Ventilators, air pipes together with flame screens, scuppers and discharges serving spaces on or below
the freeboard deck.

(v) Watertight bulkheads, bulkhead penetrations and wall of enclosed superstructure.

(vi)  Weather-tight and watertight doors and closing appliances for all of the above including proper
operation of such doors.

(d) Freeing ports together with bars, shutters and hinges.
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(®)

)

(9)

(h)

1)

(k)

O]

(m)

252

Protection of the crew

Guard rails, lifelines, gangways, accommodation ladders with accessory wires, winches and gears and deck
houses accommaodating crew.

Verification of loading guidance and stability data
(i) For craft provided with the loading manual continuous such means in ready use.

(ii) For craft provided with the loading computer, if any, confirmed that a loading computer installed on
board has the performance and functions as deemed appropriate by the Society.

(iii)  Confirmed that an approved stability booklet is kept on board for ready use.

Verification that no alterations have been made to the hull or superstructures which would affect the
calculation determining the position of load lines. The load line marks (see Appendix 3) are to be sighted,
found plainly visible, and recut and/or painted as required. Surveys carried out by the National Authorities
of the countries in which the craft are registered may be accepted as meeting these requirements.

Anchoring and mooring equipment including the working test of windlass.

Bow doors, inner doors, side shell doors and stern doors are to be surveyed as per Annual Survey, if any, see
IACS UR Z24-4.

Fire protection and fire fighting arrangements including operation tests as far as practicable

Confirmation as far as practicable, that no significant changes have been made to the arrangement of
structural fire protection is also to be carried out. Surveys carried out by the National Authorities of the
countries in which the craft are registered may be accepted as meeting these requirements.

Additional requirements for navigational arrangements for periodical one man watch, and where applicable
integrated bridge system. Annual Surveys are to be carried out to ascertain that the equipment and
arrangements required for the applicable class notation are being maintained in good working order. At the
time of the survey relevant statutory certificates may be accepted as evidence of satisfactory operation.

Helicopter deck

Where areas of the craft are designated for helicopter operations, the helicopter deck, deck supporting
structure, deck surface, deck drainage, tie downs, markings, lighting, wind indicator, securing arrangements
where fitted and safety netting or equivalent are to be examined.

Craft constructed of Fiber Reinforced Plastics (FRP)

In addition to the applicable requirements of the annual survey - hull is also to include the following:
(i) All accessible parts particularly liable to rapid deterioration.

(i) The deck to hull connection, and superstructure and deckhouse connections to the deck.

Annual Survey — machinery

At each Annual Survey, the following requirements are to be complied with:

(a)

(b)

(c)

(d)
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At each Annual Survey, a general examination of the propelling machinery and essential auxiliaries, is to be
made. The Surveyor may in addition, require such further items to be opened up as considered necessary to
ascertain that they are in good working condition.

Machinery and boiler spaces with particular attention to the fire and explosion hazards, and also emergency
escape routes are to be generally examined.

All main and auxiliary steering gears including their associated and control systems are to be examined and
tested in operation.

All the means of communication between the navigation bridge and the machinery control position, as well
as the bridge and the alternative steering position, if fitted, are to be tested.
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(e) Bilge pumping systems and bilge wells including operation of pumps, remote reach-rods and level alarms,
where fitted, are to be examined as far as practical.

(f) Boilers, thermal oil heaters heated by flame or combustion gas, pressure vessels and their mountings
including safety devices, foundations, controls, releasing gear, high pressure and steam escape piping,
insulation and gauges are to be externally examined. Confirmation of the safety devices of the boilers and
the thermal oil heaters may be required as considered necessary by the Surveyor.

In addition, boilers are to be examined in accordance with 2.4.1(h) of this Chapter.

(g) Electrical machinery, emergency sources of electrical power switchgear and other electrical equipment are
to be generally examined and also to be tested in operation as far as practicable.

(h) Confirmation as far as practicable of the operation of all emergency sources of power is to be made. If they
are automatic, also in the automatic mode.

(i) Where automatic and/or remote controls are fitted for essential machinery, they are to be tested to
demonstrate that they are in good working condition.

(j) Parts which are opened up for maintenance at Owner's option are to be examined as necessary.

(k) For hydraulic power units, hoses, piping for any damage, corrosion or leakages, and hydraulic oil cooling
system condition and operation are to be checked. Operational test of all emergency stops, controls and
remote controls are also to be checked.

2.5.3  Annual Survey — CAS, CAU and CAB

The following performances are to be made and placed in order. Where appropriate records of daily checks and
periodical maintenance have been kept, some of the tests may be dispensed with at the Surveyor's discretion.

(a) Safety devices for main propulsion machinery or controllable pitch propellers, and emergency stopping
devices for main propulsion machinery fitted in the remote control station for the main propulsion machinery
or controllable pitch propellers.

(b) Safety devices for boilers.
(c) Safety devices for electric generating sets.
(d) Communication system specified in 2.5.9 in Part VII of the Rules for Steel Ships.

2.5.4  Annual Survey - marine oil pollution prevention installations

Marine oil pollution prevention installations including operation tests as far as practicable are to be surveyed according
to the IMO Resolution A.1053(27) - Guidelines for Surveys under Annex I of MARPOL 73/78 with its amendments.
Surveys carried out by the National Authorities of the countries in which the craft are registered may be accepted as
meeting these requirements.

2.6  Intermediate Surveys

2.6.1  Asurvey planning meeting is to be held prior to the commencement of the survey.

2.6.2  Concurrent crediting to both Intermediate Survey (IS) and Special Survey (SS) for surveys and thickness
measurements of spaces are not acceptable.

2.6.3  Ateach Intermediate Survey for hull, in addition to all the requirements for Annual Survey in 2.5, the following
additional applicable requirements are also to be complied with:

(a) For craft between 5 and 10 years of age, a general, internal examination of representative ballast tanks is to
be carried out. If there is no hard protective coating, soft or semi-hard coating, or POOR coating condition
without dealing with is found, the examination is to be extended to other ballast spaces of the same type.
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(b) For craft over 10 years of age, a general, internal examination of all spaces used for water ballast is to be
carried out.

(c) If such examinations, in 2.6.3(a) and (b) above, reveals no visible structural defects, the examination may be
limited to a verification that the coatings remain efficient.

(d) For ballast tanks, excluding double bottom tanks, if there is no hard protective coating, soft or semi-hard
coating or Poor coating condition without dealing with is found, the spaces in question are to be internally
examined at annual intervals.

(e) When such conditions, in 2.6.3(d) above, are found in water ballast double bottom tanks, the spaces in
question may be internally examined at annual intervals.

() In the case of dry cargo craft over 15 years old, an internal examination of selected cargo holds is to be
carried out.

(g) In the case of craft over 10 years of age, other than craft engaged in the carriage of dry cargoes only, an
internal examination of selected cargo spaces is to be carried out.

2.6.4  Intermediate Survey — machinery
(a) At each Intermediate Survey, all the requirements for Annual Survey are to be complied with.

2.6.5 Intermediate Survey — marine oil pollution prevention installations

Marine oil pollution prevention installations including operation tests as far as practicable are to be surveyed according
to the IMO Resolution A.1053(27) — Guidelines for Surveys under Annex 1 of MARPOL 73/78 with its amendments.
Surveys carried out by the National Authorities of the countries in which the ship are registered may be accepted as
meeting these requirements.

2.7  Special Surveys

Procedures for class related services, see 2.1.4 of this Chapter.
Provision for surveys, see 2.1.5 of this Chapter.
A Survey planning meeting is to be held prior to the commencement of the survey.

Concurrent crediting to both Intermediate Survey (I1S) and Special Survey (SS) for surveys and thickness measurements
of spaces are not acceptable.

2.7.1  Special Survey - hull
All Annual Survey requirements together with the following are to be complied with:

(a) The examinations of the hull are to be supplemented by thickness measurements and testing as required in
2.7.1(j) and 2.7.1(k), to ensure that the structural integrity remains effective. The aim of the examination is
to discover Substantial Corrosion, significant deformation, fractures, damages or other structural
deterioration, that may be present.

(b) A Bottom Survey in dry dock in accordance with the requirements of 2.2.1 of this Chapter is to be carried
out as part of the Special Survey.

(c) Theanchors and chain cables are to be ranged, examined and the required complement and condition verified.
The chain locker, holdfasts, hawse pipes and chain stoppers are to be examined and pumping arrangements
of the chain locker tested.

At Special Survey No. 2 and subsequent Special Surveys, chain cables are to gauged and renewed in cases
where their mean diameter is 12% worn below the requirement limits allowed by the Society.
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(d) All spaces including holds and their ‘tween decks where fitted; double bottom, deep, ballast, peak tanks; pipe
tunnels, duct keels, machinery spaces, dry spaces, cofferdams and voids are to be internally examined
including the plating and framing, bilges and drain wells, sounding, venting, pumping and drainage
arrangements.

Internal examination of fuel oil, lube oil and fresh water tanks is to be carried out in accordance with Table
1 2-1.

At Special Survey No.3 and subsequent Special Surveys, structural downflooding ducts and structural
ventilation ducts, where applicable, are to be internally examined.

(e) Engine room structure is to be examined. Particular attention is to be given to tank tops, shell plating in way
of tank tops, brackets connecting side shell frames and tank tops, and engine room bulkheads in way of tank
top and bilge wells. Particular attention is to be given to the sea suctions, sea water cooling pipes and
overboard discharge valves and their connections to the shell plating. Where wastage is evident or suspect,
thickness measurements are to be carried out, and renewals or repairs made when wastage exceeds allowable
limits.

(f) Where provided, the condition of corrosion prevention system of ballast tanks is to be examined. For ballast
tanks, excluding double bottom tanks, where a hard protective coating is found in POOR condition without
dealing with is found, where soft or semi-hard coating has been applied, or where a hard protective coating
was not applied from time of construction, the tanks in question are to be examined at annual intervals.
Thickness measurements are to be carried out as deemed necessary by the Surveyor.

(g) When such breakdown of hard protective coating is found in double bottom ballast tanks and it is not
renewed, where a soft or semi-hard coating has been applied, or where a hard protective coating was not
applied from the time of construction, the tanks in question may be examined at annual intervals. When
considered necessary by the Surveyor, or where extensive corrosion exists, thickness measurements are to
be carried out.

(h) Extent of Tank Testing

0] Boundaries of double-bottom, deep, ballast, peak, and other tanks, including holds adapted for the
carriage of salt water ballast, are to be tested with a head of liquid to the top of air pipes. or to near
the top of hatches for ballast/cargo holds.

(i) Boundaries of fuel oil, lube oil and fresh water tanks are to be tested with a head of liquid to the
highest point that liquid will rise under service conditions.

(iii)  Tank testing of fuel oil, lube oil and fresh water tanks may be specially considered based on a
satisfactory external examination of the tank boundaries, and a confirmation from the Master stating
that the pressure testing has been carried out according to the requirements with satisfactory results.
The Surveyor may extend the testing as deemed necessary.

(i) Hatch covers and coamings are to be surveyed as follows:

() A thorough inspection of the items listed in 2.5.1(a), including close-up survey of hatch cover plating
and hatch coaming plating, is to be carried out.

Subject to cargo hold hatch covers of approved design which structurally have no access to the internals,
close-up survey shall be done of accessible parts of hatch covers structures.

(i)  Checking of the satisfactory operation of all mechanically operated hatch covers is to be made,
including:
(1) Storage and securing in open condition;
(2) Proper fit and efficiency of sealing in closed condition;
(3) Operational testing of hydraulic and power components, wires, chains, and link drives;

(iii)  Checking the effectiveness of sealing arrangements of all hatch covers by hose testing or equivalent
is to be carried out.
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(m)

(n)

(0)

2.7.2

(@)

(b)

(©)

(d)
(e)

)

(9)

(h)

(i)
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Thickness measurements are to be carried out in accordance with Table | 2-2. The Surveyor may extend the
thickness measurements as deemed necessary. When thickness measurements indicate substantial corrosion,
the extent of thickness measurements is to be increased to determine areas of substantial corrosion. Table |
2-3 may be used as guidance for these additional thickness measurements. These extent of thickness
measurements are to be carried out before the survey is credited as completed. The wastage allowances are
as given in Table | 2-5 to Table | 2-7.

All bilge and ballast piping systems are to be examined and operationally tested to working pressure to the
attending Surveyor's satisfaction to ensure that tightness and condition remain satisfactory.

For all craft except for passenger craft, automatic air pipe heads are to be completely examined (both
externally and internally) as indicated in Table | 2-4.

For designs where the inner parts cannot be properly inspected from outside, this is to include removal of the
head from the air pipe. Particular attention is to be paid to the condition of the zinc coating in heads
constructed from galvanized steel.

When spaces are insulated in connection with refrigeration, hatches and limbers are to be removed and the
condition of the structural members examined.

Gangways, accommodation ladders with accessory wires, winches and gears are to be load tested and
operationally tested with maximum operational load.

Bow doors, inner doors, side shell doors and stern doors are to be surveyed as per Special Survey, see IACS
UR Z24-3.

Special Survey—machinery

Pumps and the pumping system including valves, cocks, pipes and strainers are to be examined. For hydraulic
power units, records of hydraulic oil replacement are to be checked. Oil samples for analysis may be required
at the discretion of the Society. Other systems are to be tested if considered necessary.

All shafts (except propeller and stern tube shafts which are detailed in propeller shaft survey), thrust blocks,
line shaft bearings are to be opened up for examination. The lower halves of bearings need not be exposed if
alignment and wear are found acceptable.

Steering machinery including auxiliary arrangement is to be examined and operation tested. The machinery
may be opened up for examination if deemed necessary by the Surveyor.

Holding down bolts and chocks of main and auxiliary engines and shafting bearing blocks are to be examined.

All air vessels for essential services, together with their mountings, valves and safety devices, are to be
cleaned internally, and examined internally and externally. If internal examination of the air vessels is not
practicable, they are to be tested hydraulically to at 1.25 times the working pressure. Safety valves setting
are to be checked.

Fuel tanks which do not form part of craft's structure together with their fittings are to be examined and, if
deemed necessary by the Surveyor, they are to be tested as specified for new tanks.

The reduction gears are to be examined, and opened up if deemed necessary by the Surveyor, in order to
confirm the condition of the gears, pinions, gear teeth, spiders, shafts, bearings and lubrication system.
Alternative means of accertaining the condition of epicyclic gearing will be specially considered.

The machinery and heat exchangers which are not included in the boiler survey requirements are to be
examined and opened up for further examination if deemed necessary by the Surveyor.

The windlass and mooring winches are to be examined including operation test. They are to be opened up
for examination if deemed necessary by the Surveyor.
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() The bilge system including valves, cocks, strainers and bilge injections are to be opened up for examination
if deemed necessary by the Surveyor. The system is to be tested in working condition.

(k) Air compressor of essential services is to be examined. Safety valve setting is to be checked.
() Evaporators are to be opened up and examined. Safety valve settings are to be checked.
(m) Main and auxiliary engines are to be tested in working condition if deemed necessary by the Surveyor.

(n) Engine room remote control quick closing valves are to be opened up, examined and tested in working
condition.

(0) Feed pumps, burning pumps and boiler water circulating pumps for boilers are to be opened up and examined.

(p) Steam turbines

In addition to the foregoing items (a) to (0) of 2.7.2 above, steam turbines used as main and auxiliary engines
are to be examined as follows:

(1) Steam turbine blades, rotors, stop valves, shafts glands, thrust and adjusting bearings together with
oil drains and sealing pipes are to be examined.

(i) Exhaust steam turbines, gears, clutches, and electric motors are to be opened up and examined; coned
ends of internal driving shafts are to be examined.

(iii)  For main steam pipes, a selected section is to be removed and examined when they are 12 years old
and thenceforth at each Special Survey. Sufficient lagging is to be removed for examination and
hydraulically tested to twice the working pressure. When deemed necessary by the Surveyor the
thickness of pipes is to be ascertained to determine the future working pressure.

(iv)  Condensers are to be examined and tested if repaired.
(V) Safety devices are to be examined and tested.

(q) Diesel engine

0] In addition to the foregoing items (a) to (0) of 2.7.2 above, diesel engines used as main and auxiliary
engines are to be examined as follows:

Cylinders, covers, valves and valve gears, pistons, piston rod, crossheads, guides, connecting rods,
crankshafts and all bearings, crankcases, bed-plates, entablatures, crankcase door fastenings and
explosion relief devices, scavenge pumps, scavenge blowers, superchargers and their associated coolers,
air compressors and their intercoolers, filters and/or separators and safety devices, fuel injection pumps
and fittings, camshaft drives and balancer units, torsional vibration dampers or de-tuners, flexible
couplings, clutches, reverse gears, attached pumps and cooling arrangements are to be examined.

Special consideration as to the requirements for Special Surveys may be given for diesel engines with
bores 300 mm or under, provided the engine is maintained under a manufacturer's scheduled
maintenance program.

(1) The records of the program, including lubrication servicing, are to be made available to the
Surveyor. Periodical overhauls, required by the manufacturer's scheduled maintenance program,
are to be witnessed by the Surveyor.

(2) For craft not engaged in international voyages, the survey may be carried out by reviewing the
records of the program and other effective means, such as the verification runs specified in (s)
of 2.7.2 below, to confirm that engines are in good order. Periodical overhauls, required by the
manufacturer's scheduled maintenance program, are to be witnessed by the Surveyor.

(i) Tie rods are to be re-tensioned, as necessary. Engine entablature bolting is to be checked for tightness,
and crankshaft deflections of medium-speed and low-speed type engines are to be measured and
placed in good order.

(r) Electrical installations.

@) The survey is to comprise examination of the electrical installation with regard to fire and explosion
hazards and injury from accidental touching. The survey is also to include testing of correct
functioning of equipment covered by the requirements of the Rules.
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- 62 -

(i) Asfar as practicable, the following equipment is to be examined for satisfactory condition:

(1) Main and emergency switchboard
(2) Generators.

(3) Distribution boards.

(4) Motor starters.

(5) Electrical motors.

S.

(6) Converters (e.g. transformers, rectifiers, chargers).

(7) Cable installations.

(8) Enclosures for electrical equipment.

(9) Lighting equipment.
(10) Heating equipment.
(11) Battery installation.

(iii)  The following are to be tested to the extent deemed necessary by the Surveyor to ascertain the proper

functioning of the equipment:

(1) Generator load test.

(2) Generator parallel operation.
(3) Generator protection relays.

(4) Generator remote speed control.

(5) Generator synchronizing equipment.

(6) Power plant interlocking systems.

(7) Insulation resistance indicating device.
(8) Emergency generator including switchboard.

(9) Battery chargers.
(10) Mechanical ventilation of battery

rooms /lockers.

(11) Navigation lights, with controllers including alarms.

(iv)  Measurements of insulation resistance on main and emergency switchboards, generators, exciters,
propulsion motors if the craft is of electrical propulsion and all electrical installations and their wiring

are to be performed as follows:

Part to be tested

Insulation resistance

Switchboard with all out-going
circuit breakers and switches
opened, and control and measuring
instrument disconnected

Between each busbar, and
busbar to hull

1 megohm

Generator and motor

Each generator or motor to hull

1,000 times the rated voltage
of the machine in ohms

All wiring measured from
switchboard with circuit breakers and
protective devices closed, except
those of the generator

Between each conductor and
conductor to hull

100,000 ohms

(v) Tests of emergency stopping means of all oil transfer systems, and boiler and engine room

ventilations are to be performed.

(vi)  For the main electric propelling machinery, windings, commutators and slip-rings, all air ducts in

stator coil and ventilating holes in roto

rs are to be examined.

Machinery verification runs for craft not engaged in international voyages

As part of the Special Survey of machinery, a dock trial in the presence of the Surveyor is to be carried out
in order to confirm satisfactory operation of main and auxiliary machinery. A sea trial may be carried out if

deemed necessary by the Surveyor.
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If significant repairs are carried out to main or auxiliary machinery or steering gear, consideration should be
given to a sea trial to the satisfaction of the Surveyor.

2.7.3  Special Survey — CAS
The following are to be performance tested and placed in order:

(a) Main propulsion machinery and controllable pitch propellers
(i) Change-over devices of control positions between main control station and local control station.
(i)  Safety devices.

(b) Boilers
(i) Automatic and remote control systems.
(i)  Safety devices.

(c) Electric generating sets
0] Automatic and remote control systems.
(i)  Safety devices.

(d) Automatic change-over devices (or remote start/stop devices) of essential pumps and automatic starting
devices (or remote start/stop devices) of air compressors.

(e) Alarm systems
(1) Function of alarm systems and indicator devices.
(i) Confirmations of setting points of alarms.

(f) Remote control and monitoring systems

2.7.4  Special Survey — CAU, CAB
The following are to be performance tested and placed in order:

(a) Main propulsion machinery and controllable pitch propellers

(i) Change-over devices of control positions between navigation bridge and main control station and
between main control station and local control station, or between main monitoring and control station
on bridge and local station or sub-control station.

(i) Safety devices.

(b) Boilers
(i) Automatic and remote control systems.
(i) Safety devices.

(c) Electric generating sets
(i) Automatic and remote control systems.
(i) Safety devices.
(iii)  Automatic start of stand-by power supply unit after black-out, where applicable.

(d) Automatic change-over devices of essential pumps and automatic starting devices (or remote start/stop
devices) of air compressors.

(e) Communication systems specified in 2.9 of Part V111 of the Rules for Steel Ships.

(f) Alarm systems
@) Function of alarm systems and indicator devices.
(i) Confirmations of setting points of alarms.
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(g) Remote control and monitoring systems

2.7.5

Marine oil pollution prevention installations including operation tests as far as practicable are to be surveyed according
to the IMO resolution A.1053(27) — Guidelines for Surveys under Annex | of MARPOL 73/78 with its amendments.
Surveys carried out by the National Authorities of the countries in which the craft are registered may be accepted as

Where considered necessary by the Surveyor, sea trials may be required upon completion of the above

mentioned tests.

Special Survey — marine oil pollution prevention installations

meeting these requirements.

2.8  Classification Survey of Craft not Built under Survey

2.8.1

The following drawings and documents, necessary for classification purpose, are to be submitted as far as

practicable together with the application for classification:

(@)

(b)

(c)

- 64 -

Hull

0] General arrangement.

(i) Mid-ship section.

(iii)  Scantling profile and deck plans.

(iv)  Shell expansion.

(V) Capacity plan.

(vi)  Piping and pumping diagrams.

(vii)  Rudder and stern frames.

(viii) Data of chain cable and anchor.

(ix)  Lines and hydrostatic curves (if freeboard assignment is required).

x) Loading and stability information (i.e. loading manual).

(xi)  Outfitting arrangement of craft's side fittings.

Machinery

(i) Engine room arrangement.

(i) Piping system in engine room.

(iii)  Detail and arrangement of propulsion shafting.

(iv)  Machinery particulars.

(V) General arrangement of electric equipment.

(vi)  Electric wiring diagram of power, lighting and interior communication system.

(vii)  Electric equipment particulars.

(viii) Main switchboard.

CAS/CAU/CAB

(i) Machinery arrangement plans showing location of control stations in relation to controlled units.

(ii)  Arrangements and details of control consoles including front view, installation arrangements together
with schematic diagrams for all power, control and monitoring systems including their functions.

(iii)  Kinds and sizes of all electrical cables and wiring associated with control systems including voltage
rating, service voltage and currents together with overload and short circuit protection.

(iv)  Schematic plans of hydraulic and pneumatic control systems together with all interconnections,
piping sizes and materials including working pressures and relief valve settings.

(v) Description of all alarms and emergency tripping arrangements, functional sketches or description of
all special valves, actuators, sensors and relays.

(vi)  Schematic plans and supporting data of fire protection and extinguishing systems, including fire

detection and alarm system, bilge high water level alarms.
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2.8.2  Craft without classification

For the craft which have not been classed with any other Classification Society, all surveys to the extent as specified in
the Rules, are to be carried out by the Surveyor who is to take into account the age, the standard of construction, the past
maintenance, and the present status of the craft concerned.

2.8.3  Craft with classification

If the craft keeps the Class of another recognized Classification Society with sufficient status, in general, a survey to the
extent of the Special Survey corresponding to the craft's age is to be conducted except the craft being within 3 months
of the due date of Special Survey. Some Special Survey items may be omitted by the Surveyor in view of the craft's
condition. In such case, the period of class is to remain as assigned by the previous Classification Society.

2.8.4  Subsequent surveys
Subsequent surveys are to be carried out as in the case of craft built under survey.

| 2.9  Hull Surveys of High-Speed Craft

2.9.1  Annual Survey

(a) For craft of fiber reinforced plastic (FRP) construction, in addition to the applicable requirements of 2.5 of
this Part, the Annual Survey - Hull is to include the following:

0] All accessible parts particularly liable to rapid deterioration.

(ii) The craft is to be placed in dry dock or slipway and all applicable items of the Annual Survey - Hull
are to be examined.

(iti)  The deck-to-hull connection, and superstructure and deckhouse connections are to be examined.

(iv)  The craft is to be thoroughly checked and sounded for any apparent delaminations.

Where it is thought a delamination is found, a 50 mm diameter plug is to be removed from the area and
examined for core to skin adhesion and water permeation.

(b) For craft of aluminum alloys construction, in addition to the applicable requirements of 2.5 of this Part, the
Annual Survey - Hull is to include the following:
() All parts liable to rapid deterioration, particularly areas adjacent to dissimilar metals which are in
close proximity.
(i) In lieu of ballast tanks and combined cargo/ballast tanks, internal structure of a randomly selected
cargo space, dry or liquid, together with any other space deemed necessary by the Surveyor, with
particular attention to be given to bilges and drain wells.

(c) For craft subject to the HSC Code, in addition to the applicable requirements of.2.5 of this Part, Bottom
Survey in dry dock is to be a part of the Annual Survey as required by 2.2.1 of this Part.

2.9.2  Special Survey

In addition to the Annual Survey in 2.9.1 above and the applicable requirements of Special Survey in 2.7 of this Part,
the Special Survey is to include the following:

(a) Requirements for craft of fiber reinforced plastic (FRP) Construction
(i) Engine foundations and their attachments to the hull are to be examined.

(i) A minimum of five plugs, each 50.8 mm in diameter, are to be removed from the hull bottom and
topsides from locations deemed appropriate from the attending Surveyor and examined for core to
skin adhesion and water permeation.

(iii)  The framing and holds, hull laminate of the tween deck, deep tanks, peaks, bilges and drain wells,
and machinery spaces are to be cleaned and examined. Linings, ceiling, tanks, and portable ballast
are to be removed as considered necessary by the attending Surveyor.

(iv)  Where there is evidence of cracking, distortion, wetness, or delamination, destructive or
nondestructive testing and removal and repair of the defect is subject to the discretion of the attending
Surveyor.
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(b)

v)

(vi)
(vii)

The hull, fastenings, and backing reinforcements in way of hull fittings and attachments are to be
examined. Fastenings are to be withdrawn as considered necessary by the attending Surveyor.

The efficiency of hand pumps or other drainage arrangements for end spaces is to be tested.
Additionally for Sailing and Unpowered craft, where applicable, ballast-keel fastenings and all
openings to the sea, including sanitary and other overboard discharges, together with the cocks and
valves connected therewith, are to be examined while the craft is in dry dock.Mast foundation and
connection to the hull are to be examined.

Requirements for craft of aluminum alloys construction

In addition to the applicable requirements of Special Survey in 2.7, particular attention is to be given to
insulation material in joints of shell connections between dissimilar metals, which is to be found or made
effective as necessary.

2.10 Surveys of Passenger Craft

2.10.1 General

These requirements apply to craft carrying more than 12 passengers. Passenger craft are subjected to the following
periodical surveys:

(a) Annual Survey

(b)
(©)
(d)
(e)
)

Intermediate Survey

Bottom Survey

Special Survey

Boiler Survey

Propeller Shaft Survey

2.10.2 Annual Survey:
In addition to the requirements of Annual Survey in 2.5, following items are also to be carried out:

(&) Hull:

(i) Bottom survey in dry dock or in water.

(i) Inspection of the piping and valves of cross flooding system and operation tests of its remote control
system. Main valves for the system are to be overhauled and inspected.

(iii)  Inspection and operation test of door indicators and water leakage detectors of shell doors.

(iv)  Inspection of discharge pipes and valves on shells below bulkhead deck. These valves are to be
overhauled and inspected, but may be dispensed with when the bottom survey was carried out in
water.

(v) Inspection and tightness test of the fixed parts of fin-stabilizers.

(vi)  Inspection of all shell connections below bulkhead deck.

(vii)  Inspection of gangways, all shell ports (cargo ports included), ash and rubbish chutes below the
bulkhead deck.

(viii) Inspection of portlights including deadlights and securing arrangements below the bulkhead deck.

(ix)  Inspection of all openings and their closures in watertight bulkheads below the bulkhead deck
including watertight doors and operation of same.

) The escapes and any cross-flooding arrangement are to be checked.

(b) Machinery:

() Sea trials are to be carried out, if deemed necessary by the Surveyor.
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(i) The ability of the propulsion machinery to reverse the direction of the thrust of propellers and the
ability to stop the craft are to be tested and verified.

(iii)  Inspection of main and emergency electric power, and emergency lighting system.

(iv)  Inspection of flooding detection system and/or water ingress alarm system for each watertight spaces
below the bulkhead deck.

(c) Fire Protection and Fire Extinguishing System:

(i) Inspection of the general alarm system, fire alarm system, fire detection system, public addressing
system, fire doors, fire dampers, draft stops and fire divisions.

(i) Inspection and operation test of water sprinkler system including it's piping , valves, alarm system
and automatic starting of fire pumps. Pressure tanks, if any, are to be pressure tested.

2.10.3 Intermediate and Special Survey

In addition to the requirements of Special Surveys in 2.7 and Annual Survey in 2.10.2 above, following items are also
to be complied with.

(a) Hull:
0] Check the light weight of the ship.
The light weight of the craft is to be checked during Special Survey. If the major conversion is found

during Annual Survey or Intermediate Survey, the light weight of the craft is to be checked by the
attending Surveyor.

Inclining experiments are to be carried out whenever the light weight is different from record by 2% or
more or the longitudinal center of gravity is different from record by 1% of craft's length or more.

(b) Bottom Survey in dry dock is to be a part of Intermediate or Special Survey.

While the thickness measurements is carried out, if substantial corrosion is found, the extent of thickness
measurements is to be increased in accordance with the requirements of Table | 2-3. Tanks or areas where
coating was found to be in GOOD condition at the previous intermediate or periodical survey may be
specially considered by the Society.

(c) For Intermediate Survey - machinery, the requirements of 2.7.2 may be dispensed with at the discretion of
the Society or the attending Surveyor.
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Table I 2-1

Minimum Requirements for Internal Examination
at Special Surveys of Fuel Oil, Lube Oil and Fresh Water Tanks

Spaces and SSNo. 1 SS No. 2 SS No. 3 SS No. 4 and Subsequent
Tanks W@6) (Age <5) (5 < Age <10) (10 < Age < 15) (15 < Age)
Fuel oil bunker tanks
- Engine room 0 0 1 1
- Cargo length area 0 1 24 Half, minimum 2
- If no tanks in Cargo 0 1 1 2
Length Area, additional
fuel tank(s) outside of
Engine Room (if fitted)
Lube oil 0 0 0 1
Fresh water 0 1 All All

Notes:

(¢D)] These requirements apply to tanks of integral (structural) type.

(2) If a selection of tanks is accepted to be examined, then different tanks are to be examined at each Special
Survey, on a rotational basis.

3) Peak tanks (all uses) are subject to internal examination at each Special Survey.

(4) At Special Surveys No. 3 and subsequent surveys, 1 deep tank for fuel oil in the cargo length area is to be
included, if fitted.
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Table | 2-2
Minimum Requirements for Thickness Measurements at Special Surveys
SSNo. 1 SS No. 2 SSNo. 3 SS No. 4 and Subsequent
(Age £5) (5<Age<10) (10 < Age < 15) (15 < Age)
1. Suspect Areas 1. Suspect Areas 1. Suspect Areas throughout | 1. Suspect Areas throughout the
throughout the throughout the the vessel vessel
vessel vessel
2. Onetransverse | 2. Two transverse sections 2. A minimum of 3 transverse
section of deck within the amidship 0.5L sections in way of cargo spaces
plating in way in way of 2 different within the amidship 0.5L®)
of a cargo cargo spaces®
space within
the amidship
0.5L®)
3. Internals in forepeak and 3. Internals in forepeak and after
after peak ballast tanks peak ballast tanks
4. All cargo hold hatch 4. All cargo hold hatch covers and
covers and coamings coamings (plating and stiffeners)

(plating and stiffeners)

5. All exposed main deck plating
full length

6. Representative exposed
superstructure deck plating
(poop, bridge, and forecastle
deck)

7. Lowest strake and strakes in way
of 'tween decks of all transverse
bulkheads in cargo spaces
together with internals in way®

8. All wind- and water strakes, port
and starboard, full length

9. All keel plates full length. Also,
additional bottom plates in way
of cofferdams, machinery space,
and aft end of tanks

10. Plating of sea chests. Shell
plating in way of overboard
discharges as considered
necessary by the attending
Surveyor

Notes:

1)

Thickness measurement locations are to be selected to provide the best representative sampling of areas
likely to be most exposed to corrosion, considering cargo and ballast history and arrangement and condition
of protective coatings.

2 Thickness measurements of internals may be specially considered by the Surveyor if the protective coating
is in Good condition.

3) For craft less than 100 meters in length, the number of transverse sections required at Special Survey No. 3
may be reduced to 1, and the number of transverse sections required at Subsequent Special Surveys may be
reduced to 2.

4 For craft more than 100 meters in length, at Special Survey No. 3, thickness measurements of exposed deck
plating within amidships 0.5 L may be required.

(5) For craft without defined cargo spaces, thickness measurements are to be taken at the appropriate, most
onerous locations selected to provide the best representative sampling of areas likely to be exposed to
corrosion the most.

(6) Subject to cargo hold hatch covers of approved design, which structurally have no access to the internals,
thickness measurement shall be done of accessible parts of hatch covers structures.
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Table I 2-3

Guidance for Additional Thickness Measurements

in way of Substantial Corrosion

Structural Member

Extent of Measurement

Pattern of Measurement

Plating Suspect

area and adjacent plates

5 point pattern over 1 m?

Stiffeners Suspect

area

3 measurements each in line across web and flange

Table | 2-4

Survey Requirements for Automatic Air Pipe Heads at Special Surveys

SS No. 1
(Age <))

SS No. 2
(5<Age<10)

SS No. 3 and subsequent
(10 < Age)

-2 air pipe heads, 1 port and 1
starboard, located on the exposed
decks in the forward 0.25L, preferably
air pipes serving ballast tanks.

-2 air pipe heads, 1 port and 1
starboard, on exposed decks, serving
spaces aft of 0.25L, preferably air
pipes serving ballast tanks.

1), @

- All air pipe heads located on the
exposed decks in the forward 0.25L.

- At least 20% of air pipe heads on the
exposed decks serving spaces aft of
0.25L, preferably air pipes serving
ballast tanks.

1), @

- All air pipe heads located on the
exposed decks.

®)

Notes:
(1)
(2)

on the exposed decks.

©))
last Special Survey.

- 70 -

The selection of air pipe heads to be examined is left to the attending Surveyor.
According to the results of this examination, the Surveyor may require the examination of other heads located

Exemption may be considered for air pipe heads where there is substantial evidence of replacement after the
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Individual Wastage Allowances for Steel Craft, 90 m< L ©©)

Ordinary and High Strength Steel

Craft of all ages with Transv’ly framing

Craft of all ages with a combination of
transverse and longitudinal framing.

Strength Deck Plating 25% 20%
Continuous Long’l Hatch Coamings & Above o o
Deck Box-Girders 25% 20%
Deck Plates within Line of Hatches and at Ends. 30% 30%
Forecastle, Poop and Bridge Deck Plates; o o
Superstructure End Bulkheads 30% 30%
Tween Deck Plates 30% --
Sheer Strake Plates 25% 20%
Side Shell Plates 25% 25%
Bilge Strake Plates 25% 25%
Bottom Plates 25% 25%
Keel Plates®

Outermost Strake of Inner Bottom 30% 30%
Other Plates of Inner Bottom 30% 30%
Top Strake of I__ongltudlnal B_ulkheat_is and Top 250 2506
Strake of Topside Tank Sloping Plating

Bottom Strake of Longitudinal Bulkheads 25% 25%
Other Plates of Longitudinal Bulkheads, Topside

Tank Sloping Plating, Hopper Tank Sloping 25% 25%
Plating and Transverse Bulkheads

Internals including Longitudinals, Girders,

Transverses, Struts, Bulkhead Webs and 25% 25%
Stringers, Brackets and Hatch Side Girders

Plates in way of Top of Tanks 30% 30%
Underdeck Box Girders (Long’l or Transverse) 20% 20%
Hatch Covers, Hatch coamings and brackets 30% 30%

Notes:

(1) Internals included in longitudinal strength must be continuous or be effectively developed at ends, throughout amidships 0.4L.

(2)  Structure must meet individual member thickness and average wastage.

(3) If design was originally approved on basis of engineering analysis (such as car carriers and other specialized craft), or if
owner specially request, the wastage may be assessed on engineering basis (i.e., acceptable stress levels and structural

stability).

(4) Keel plates are to be renewed when they reach the minimum allowed thickness for adjacent bottom plating.

(5) The individual wastage allowances are acceptable, provided the hull girder Section Modulus is not less than 90% of the greater
Section Modulus required: a) at the time of new construction or b) Zmin by 3.2.2 of Part Il of the Rules for Steel Ships.

(6) For craft built to other society rules, that society carrying out the initial plan review is to be contacted for wastage allowances.
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Table | 2-6
Individual Wastage Allowances for Steel Craft, L <90 m
Main Deck Plating 25%
Bottom Plating 25%
Keel Plating 25%
Sheer Strake 25%
Bilge Strake 25%
Side Shell Plating 30%
Forecastle 30%
Internals and Bulkheads 30%

For craft built to other society rules, that society carrying out the initial plan review is to be contacted for wastage
allowances.

Notes:

(¢D)] Internals included in longitudinal strength must be continuous or be effectively developed at ends, throughout
amidships 0.4L.

(2)  The values shown in the table are the minimum requirements for individual members and plates.

) In addition to satisfying the individual member and plate requirements, it should be verified that the hull girder
section modulus is not less than 90% of the greater Hull Girder Section Modulus required either:
a) At the time of new construction
b) Z, asspecified in 3.2.1 of Part XV of the Rules for Steel Ships.

(4) For craft less than 60 m in ship's length only, maximum loss of deck or bottom area is 20% of Rule required
area.

(5) For craft built to other Society rules, wastage allowance based on the previous Society requirements may apply.
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Table I 2-7
Aluminum Wastage Allowances for Craft, L <90 m
Main Deck Plating 15%
Bottom Plating 15%
Keel Plating 15%
Sheer Strake 15%
Bilge Strake 15%
Side Shell Plating 20%
Forecastle 20%
Internals and Bulkheads 20%

For craft built to other society rules, that society carrying out the initial plan review is to be contacted for wastage

allowances.
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Chapter 3
Survey Requirements for Additional Systems and Services

3.1 General

In order to maintain a Class Notation for an additional system or service, that system, equipment, or installation is to be
surveyed in accordance with this chapter.

Survey Requirements for Additional Systems and Services as specified in Part | Chapter 3 of the Rules for Steel Ships,
are to be applied, if any.
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Appendix 1

Loading Computer System (LCS) for Stability and Longitudinal Strength

| Al.l General Requirements

All1l

@

Application

The requirements of this appendix apply to craft equipped with computer based systems for calculation and
control of loading conditions for compliance with the applicable stability, longitudinal and local strength
requirements.

Al1.1.2 Class Notation

(a) Craft equipped with loading computer systems designed, manufactured and tested in compliance with the
requirements of this appendix, for calculation and control of stability, longitudinal and local strength, may
be assigned the additional class notation LCS.

Al1l.1.3 General requirements

(a) The Loading Computer System is regarded as supplementary to the Loading Manual and Stability Booklet
and if relevant the Grain Loading Manual which are always to be provided on board.

(b) The user's manual is always to be provided for the loading computer.

(c) The user's manual and the computer software must be prepared in a language understood by the user. If this
language is not English, a translation into English is to be included.

(d) Ifthe software includes on-line interface, for instance remote tank sounding or draught reading, it is assumed
that the remote system is maintained and calibrated as recommended by the manufacturers.

(e) On-line computers are to be connected through a gateway if connected to the craft's network serving main
functions. The gateway shall have read only possibility unless the computer is approved for two-way
communication.

(f) The software may be type approved or approved on a case by case basis for a specific craft.

(9) The software may be type approved, the validity and limitations of the type approval are to be carefully
noted. If a type approval is found not to cover all parts of relevance for a specific craft, addition testing and
documentation as for a case-by-case approval may be required.

Al.1.4 Documentation

(a) Hardware documentation
If the hardware is not type-approved, the concerned documentation is to be submitted.

(b) Documentation needed when software is type approved
In case of type-approved software, the following documentation is to be submitted:

(i) Preliminary test conditions (print of input and output data).

(i) Stored characteristic data. (e.g. hydraustatics, cross curves, VCG or GM limit curves, lightweight
definition, tank data and associated limits to still water shear force, bending moments and torque, as
applicable, and with explanation as found necessary.)

(iii)  Number, position and limits of read-out points. The shear force limits are to be specially considered
for craft sides and longitudinal bulkheads. The loading computer is to take into account the local
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(iv)

correction of the shear forces for conditions with greater pressure differences on the craft's bottom
structure.

Final test conditions (print of input and output data)
In case the user's manual is tailor made for a specific craft, the manual is to be submitted as well.

Documentation needed for case-by-case approval of the software
With a case-by-case approval of the software, the following documentation is to be submitted:

(i)

(i)
(iif)
(iv)

v)

(vi)

Software description and specifications, including flow chart.
User's manual, including flow chart.
Preliminary test conditions (print of point and output data).

Stored characteristic data. (e.g. hydrostatics, cross curves, VCG or GM limit curves, lightweight
definition, tank data and associated limits to still water shear force, bending moments and torque, as
applicable, and with explanation as found necessary.).

Number, position and limits of read-out points

The shear force limits are to be specially considered for craft sides and longitudinal bulkheads. The
loading computer is to take into account the local correction of the shear forces for conditions with
greater pressure differences on the craft's bottom structure.

Final test conditions (print of input and output data)

General software requirements

Software

(i)
(i)

(iii)
(iv)

(v)

(vi)

(vii)

(viii)

The software and the stored characteristic data must be protected against erroneous use.

The software design is to be such that it limits possible input errors by the user, for instance tank
volume input is not to exceed maximum tank volume, or negative volume input to be accepted.

The software is to be user-friendly, preferably with graphic presentation of loading conditions and
on-line user's task help.

The software is to include loading limitations. A warning is to be given if these limits are exceeded.
Note:

Loading limitations should include minimum/maximum draught, maximum trim, shear force and
bending moment limits, minimum/maximum metacentric height (GM), cargo tank filling height as a
function of cargo density, limits to distributed loads on deck, filling of ballast and cargo tanks etc.

The software is to present relevant parameters of loading conditions, such as displacement, draughts
forward, midship and aft, trim, center of gravity, metacentric height, free surface correction, shear
forces, bending moments, torque and local strength as well as the limiting values for those parameters
and an overall judgment whether all loading parameters are within the limiting values.

If intended for stability calculations, the software must include effect of free surface from slack tanks
on the initial metacentric height (GM) and the righting lever (GZ) as well as the effect of external
heeling moments, if applicable.

Note:

If the software is based on interpolation on even keel hydrostatics only, the limiting trim will be
considered as maximum 1% of the ship's length.

If the software calculates damage stability, a list of damage cases is to be included. Any intended
loading condition must be checked for these damage cases. The results are to include the equilibrium
position and the GZ curve after damage, as well as criteria control.

Software is to give an overall judgment whether all the damage cases were found comply with the
applicable requirements, within an acceptable time.

If the software includes on-line interface, for instance remote tank sounding, or draught reading, a
warning is to be given in case of on-line interface failure. Further, it is to be possible to give the on-
line input manually.
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In case of discrepancy between calculated and actual displacement, the software is to use the actual
value and correct the center of gravity in a satisfactory manner. The normal procedure is located in
the center of gravity of the deadweight.

| Al.2 Approval and Testing Requirements

Al.2.1 Approval principles

(a) The requirements of hardware is to be complied with the Rules.

(b) The software can be either type approved or case-by-case approved. The latter case is only in condition with
system installation on board a specific craft. In either case, relevant requirements stated in section Al.1 are
to be complied with.

(c) Approval and certification.

0] Documentation according to Al.1.4 including preliminary test conditions in accordance with Al1.2.2
is to be submitted for approval.

(ii) Final test conditions according to Al1.2.2, are to be tested on board in presence of the Surveyor as
described in A1.2.3.

(iii)  Certificate of the loading computer system will be issued after checking of final test conditions on
board.

Al.2.2 Test conditions
(a) General

(i) Preliminary test conditions are based on estimated lightweight data. Final test conditions are those
conditions which are based on lightweight data obtained from the inclining test or the lightweight
survey.

(i) Special or additional test conditions as specified in (vii) may be required by the Society in case the
standard test conditions do not fully expose critical aspects of software, e.g. limitations which need
to be demonstrated in particular.

(iii)  The units and reference system of the test conditions are to be the same as used in the loading manual
and the stability booklet.

(iv) At least 4 preliminary test conditions are to be submitted. The corresponding final test conditions are
to be submitted after satisfactory result on board in presence of the Surveyor.

(v) The selected test conditions are to be representative of the service conditions and the same as the
conditions presented in the approved loading manual or the stability booklet. The 4 standard test
conditions are to be as follows:

(1) Light ship condition.

(2) Ballast or partly loaded condition.

(3) Fully loaded condition.

(4) Arbitrary loading condition given extreme values.

(vi)  Documentation of test conditions is to include input and output data for each condition.

(vii)  Additional test conditions, if required, are to be tested of limiting loading parameters, such as
maximum draught, maximum trim or maximum KG. Further, they are to include extreme loading
conditions, with varying loading parameters such as tank filling heights as a function of cargo density,
limits to distributed loads on deck, shear force limits, bending moments and torque as far as
applicable.

Al1.2.3 Testing and certification
(a) General

() At least 4 of the final test conditions are to be tested on board in presence of the Surveyor, before the
loading computer certificate is issued.
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(i)

(iif)
(iv)

The results from the test conditions must not deviate significantly from the results in the approved

loading manual or stability booklet. If found unacceptable, the reason for the deviation is to be
clarified.

A copy of the final test conditions endorsed by a Surveyor is to be kept on board.

If the final loading manual or the final stability booklet has not been approved before delivery, testing
on board may take place after these documents have been approved.
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Appendix 2

Guidance for Inclining Test

| A2.1 General

This annex shows the standard method of inclining test.

| A2.2 Preparation for the Test

A2.2.1

Data to be submitted

The following plans are to be available at the time of the test as necessary.

(a) General arrangement drawing.

(b) Tank capacity plan.

(c) Hydrostatic curves.

(d) Draft marks locations

A2.2.2 Inclining test condition

(a) The craft is to be as near to completion in lightweight condition as possible. Equipment used by the yard on
board is to be moved outboard as far as possible.

(b) Prior to the inclining test, lists of all items which are to be added, removed, or relocated are to be prepared.
These weights and their locations are to be accurately recorded.

(c) The total value of missing weights is not to exceed 2% and surplus weights, excluding liquid ballast, fuel oil,
diesel oil and fresh water, not exceed 2% of the light ship displacement. For smaller craft, higher percentages
may be allowed.

(d) All objects are to be secured in their regular positions. All weights which may swing or shift are to be secured
in their sea stowage position. If more than one sea stowage positions are possible, the actual stowage position
used during the test is to be recorded.

(e) The craft is to be cleared of residues of cargo, tools, debris, scaffolding and snow. Icing of the inner and
outer surfaces, the underwater hull included, is not permitted.

(f) Bilge water and liquids accumulated on deck are to be removed in order to exclude an influence on
measurements.

(g) Only the persons participating in the inclining test are to be stay on board the craft.

A2.2.3 Tank contents

(a) Asarule, all tanks are to be either full or empty. The number of tanks containing liquids is to be kept to a
minimum.

(b) Soundings and density of liquids in tanks are to be taken in tanks containing liquids. Where tanks are partly
filled, free surface effect which has an influence on the result of the test is to be estimated from the shape of
tanks.

(c) Where tanks are intended to be filled completely, removal of air pockets is to be paid attention. All empty
tanks are to be adequately dried.
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All connections between tanks are to be closed.

Mooring arrangements and environmental conditions

Mooring lines are to be free of any transverse tension during the reading. No external moments are to be
brought upon the craft from mooring lines. If possible, the craft is to be located in a calm, protected area free

from external forces.

The depth of water under the hull is to be sufficient to ensure that the hull will be entirely free of the bottom
even if the craft is inclined, taking into account tide differences, if applicable.

The following mooring arrangements are to be referred to as the standard.

(i) A craft is moored by bow and stern lines on both sides of the craft attached at or near the center-line.
Longitudinal mooring lines are to be as long as practicable.

(i)  Acraft is moored by bow and stern lines on one side only and supplemented by spring lines.

Where a single bow or stern line is proposed, the craft's freedom of movement is to be checked not adversely
to effect the conduct of the experiment.

When tidal currents are present, the experiment is to be conducted at or around slack tide as far as possible.
The craft's gangway is to be in the stowed position, and any shore gangway is to be removed during the
inclining test. Cables, hoses, etc. are as few as possible to be connected to shore. Those which are needed

are to be slack.

To carry out the inclining test under the influence of wind and currents may be permitted, provided the
accuracy of the test is assured.

Inclining weights
As a rule, not less than four solid weights are to be used for the inclining test. Use of water ballast transfer
to incline the craft may be permitted only in cases where it is impracticable to incline the craft using solid

weights.

The solid weights are to be heavy enough to comply with the requirements in A2.3.3(a). Each solid weight
is to be almost equal in mass.

Each weight is to be compact, impervious to water. Its center of gravity is to be accurately determined.

Each inclining weight is to be marked with an identification number. The inclining weights are to be weighted
with a calibrated instrument to the satisfaction of the Surveyor.

Measuring devices

In general, not less than two measuring devices, one of which is to be a pendulum or a U-tube, are to be used
to determine the craft's inclination.

Where pendulums are used, the pendulums are normally to be long enough to give a measured deflection, to
each side of upright, of at least 100 mm, and be suspended at sheltered locations to protect from the wind.

Where U-tubes are used, the length and arrangement of the U-tube is to be such as to ensure the accuracy of
its readings.

Where stabilographs are used, the calibration of the instrument are to be verified to the Surveyor's satisfaction
prior to the experiment.

Initial Condition and Stability
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The craft is to be preferably upright prior to the inclining. However, an initial list of the craft not exceeding
0.5°is permissible.

Initial trim of the craft is not to exceed 1% of the ship's length.

The persons conducting the test are to be satisfied that the craft has adequate, positive stability and acceptable
stress levels during the test.

| A2.3 Inclining Test and Record of Data

A23.1

Accuracy of data

Measurement of inclining test data is to be as accurate as possible and to the satisfaction of the attending Surveyor.

A23.2
(@)
(b)

(©
(d)
()

A2.3.3

(@)

(b)
(©

(d)

A2.3.4

(@)

(b)

(©

Draught and water density measurements
Draught is to be measured at fore, aft and midship draught mark at both sides immediately before the test.

The distance from the draught mark, which is used as a reference point, to base line is to be verified prior to
the test.

It is to be ensured that no significant changes have occurred in the condition of the craft during the test.
In case of non-coincidence of separate measuring points, additional measurements are to be taken.

Water samples are to be taken at suitable depth to keep away from surface water which could contain
rainwater.

Weight shifts

Positioning of inclining weights which gives a maximum heeling moment is to result in a minimum heel
angle of 1° up to a maximum 4° from upright, depending upon ship type and size. Where it is impracticable
that the craft is inclined above 1° because of too large GM or other factors, the precision of measurement is
to be enhanced taking account of characteristic and condition of the craft and condition of the test.

Procedures of shifting weights are shown in Table | A2-1.

The transverse shift distance is to be as great as practicable. The inclining weights are to be positioned
symmetrically to the center line in order to measure the transverse shift distance easily.

The inclining weight positions are to be marked on the deck to ensure that consistency in placement is
achieved.

Measurement of heel angle

Pendulum, or U-tube reading on the recording batten or scale is to be registered by either of the following

ways:

(i) On the final stable position of the pendulum or liquid column after stopping of craft motions due to
shifting of the inclining weight;

(i) By marking the center of residual motion about the mean position.

When using other devices, angles of inclination are to be recorded according to instructions supplied for each
device.

Whenever the inclining weights are shifted, the plot of heel angle against heeling moment is to be made. If
there is a deviation of points from the straight line passing through the initial position, the deflections and
moments are to be checked and corrected prior to the next weight movement.
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(d) Itis to be checked that weights remain on assigned positions and all mooring lines and so on remain slack
during measurement.
A2.3.5 Other relevant data

(a) In the case where the inclining test is carried out by means of transfer of water, it has to be possible to
evaluate accurately the weight and the center of the shifted liquid in relation to the craft's heel and trim.

(b) The weather conditions, i.e., wind speed and direction relative to the craft, sea state, air and water
temperatures, etc., during the test are to be recorded.

| A2.4 Postponement of the Test

If during the course of inclining test circumstances arise such that the requirements in this chapter are not complied with,
the Surveyor may advise the person in charge to postpone the test.

A2.5 Inclining Test Report

A2.5.1 The Surveyor is to ensure that the data given in the report is consistent with that gathered during the test and to
sign the report.

A2.5.2 Test report containing all data gathered during the test, the result calculated from these data and calculating
papers is to be made, and to be submitted to the Society.

Table | A2-1
Procedures of Shifting Weights
Four Six

Port Side Starboard Side Port Side Starboard Side
No.0 2,4 1,3 2,4,6 1,3,5
No.1 4 1,2,3 4,6 1,2,3,5
No.2 1,2,3,4 1,2,3,4,5,6
No.3 1 2,3,4 6 1,2,3,4,5
No.4 1,3 2,4 2,4,6 1,3,5
No.5 1,2,3 4 1,2,3,4,6 5
No.6 1,2,3,4 1,2,3,4,5,6
No.7 2,3,4 1 1,2,4,6 3,5
No.8 2,4 1,3 2,4,6 1,3,5

Notes:

(1) The numbers shown in this table show identification number of the weights
2 The underlined number indicates the last weight or weight group shifted.
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Appendix 3

Load Line Markings

A3.1 Load Line Markings

A3.1.1 For high-speed craft, the load line marking is to be in accordance with Fig. | A3-1.

Top of deck line

Freeboard to be measured

from center

of ring to top

of the deck line

|‘_ 300 _,|
[ The longitudinal center
e of flotation
---------------------- Design Waterline

Upper ed
horlljzontal

e of
ne to

pass through the
center of ring

Notes:

(¢D) The center of the ring is to be placed on each side of the craft at the longitudinal center of flotation. The ring
and lines are to be permanently marked on the craft's outer side.

(2) The thickness of all lines are 25 mm.
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Load Line Markings for High-Speed Craft
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A3.1.2 For craft not engaged in international voyages, the load line marking is to be assigned in accordance with the
requirements of the Administration and may refer to Fig. | A3-2.

Top of deck line

<+ 300 —»

.
Ny

: #

N

300 ’
«— 450 ——> ;
e 540 —>

Notes:

(1) The center of the diamond is to be placed on each side of the ship at the middle of the length as defined in the
Load Line Regulations. The diamond and lines are to be permanently marked on the ship's outer side.

(2) The thickness of all lines are 25 mm.
(3)  The size of the Chinese characters 3% ,, TH |, "T#4, are50 x 45 mm.

7

Fig. | A3-2
Load Line Markings for Craft not Engaged in International VVoyages
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PART II CHAPTER 1
1.1  General

Chapter 1
Fiber Reinforced Plastics for Hull Construction
This Part includes the requirements of aluminium alloy welding in hull construction and FRP materials for hull

construction. Other materials and steel welding are to be respectively in accordance with the requirements in Part XI,
XI1 of the Rules for Steel Ships.

1.1  General

1.1.1  FRP materials for hull construction, including the requirements for works, moulding and connection and
fastening, are to comply with the requirements of Part I of the Rules for FRP Ships.
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Chapter 2

Aluminium Alloy Welding in Hull Construction during Construction

| 2.1 General

2.1.1  Hull Welding During Construction

Welding in aluminium hull construction is to comply with the requirements of this Chapter, unless specially approved
otherwise. It is recommended that appropriate permanent welded markings be applied to the side shell of welded craft
to indicate the location of bulkheads for reference. In all instances, welding procedures and welding consumables are to
be applied which will produce sound welds that have strength in accordance with Table 11 2-1; the chemical compositions
of the welding consumables are to be generally in accordance with Table Il 2-2. The selection of welding consumables
for welding various aluminium alloys is to be in accordance with Table 11 2-3 and Table Il 2-4.

2.1.2  Plans and Specifications

The plans submitted are to clearly indicate the extent to which welding is proposed to be used. The welding process,
welding consumable and joint design are to be shown on the detail drawings or in separate specifications submitted for
approval, which are to distinguish between manual, semi-automatic and automatic welding. The shipbuilders are to
prepare and file with the Surveyor a planned procedure to be followed in the erection and welding of the important
structural members.

2.1.3  Workmanship and Supervision

It shall be the responsibility of the contractor to insure that personnel, procedures and NDT equipment used for
fabrication and inspection comply with these requirements. However, the Surveyor is to satisfy himself that all welders
and welding operators to be employed in the construction of craft to be classed are properly qualified and are experienced
in the type of work proposed and in the proper use of the welding processes and procedures to be followed. The Surveyor
is to be satisfied with the employment of a sufficient number of skilled supervisors to ensure a thorough supervision and
control of all welding operations.

2.1.4  Welding Procedures

Procedures for the welding of all joints are to be established in writing for each welding test, process, type of electrode,
edge preparation, welding technique and position proposed. Details of proposed welding procedures and sequences are
required to be submitted for review. Procedure qualifications previously prepared and approved by the Society may be
submitted for consideration for the current designs, if applicable. Welding procedures qualification is to be in compliance
with 2.7 of this Chapter.

2.2 Preparation for Welding

2.2.1  Edge Preparation and Fitting

The edge preparation is to be accurate and uniform and the parts to be welded are to be fitted in accordance with the
approved welding detail. Joint edges may be prepared by mechanical means, such as saws, millers and routers and by
plasma arc cutting. Thermal cutting methods may be employed, provided it can be demonstrated to the satisfaction of
the Surveyor that their use does not have deleterious effects on the base material or completed weld. All means for
correcting improper fitting are to be to the satisfaction of the Surveyor. Where excessive root openings of butt weld
connections are encountered, weld build up of the plate edges may be allowed, at the discretion of the Surveyor, before
welding the plates together. Unless specially approved otherwise, such build up of each plate edge, where permitted, is
not to exceed 0.5t or 12.5 mm whichever is less, where t is the thickness of the thinner plate being welded. Where
sections to be joined differ in thickness and have an offset on either side of more than 3 mm, a transition having a length
not less than three times the offset is to be provided. The transition may be formed by tapering the thicker member or
by specifying a weld joint design which will provide the required transition.

(&) Grinding
Grinding of aluminium, except as a final weld contouring and finishing operation, is discouraged because it
leaves a rough, torn metal surface that is difficult to clean. When used, care should be taken to select
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nonloading type grinding discs specifically intended for aluminium and to maintain them free of lubricants
and other foreign material.

Grinding has been employed for back gouging and weld metal removal for repairs. Satisfactory weld quality
can be obtained when care is taken to maintain cleanliness of the grinding discs and the aluminium surfaces
prior to welding.

2.2.2  Alignment

Means are to be provided for maintaining the parts to be welded in correct position and alignment during the welding
operation. In general, strong backs or other appliances used for this purpose are to be arranged so as to allow for
expansion and contraction during production welding. The removal of such items is to be carried out to the satisfaction
of the Surveyor.

(a) Plate Alignment Tolerances
(i) Butt Welds

Where plates are tacked in preparation for butt welding, the deviation of alignment of surfaces at the
weld joint shall meet the requirements specified below:

Plate Thickness Maximum Allowance Deviation
Less than 9.5 mm 1.5 mm
9.5 mm to 19 mm 3 mm
19 mm to 38 mm 5 mm
38 mm 6 mm

(i)  Fillet Welds

When the opening between elements of a fillet welded joint exceeds 1.5 mm but not more than 5 mm as
a nominal condition along the joint, the fillet size shall be increased by an amount equal to the excess
of the opening above 1.5 mm. Where the gap between members exceeds 5 mm as a nominal condition
along the joint fillet, methods outlined below shall be used. Fillet welds shall be extended around the
ends of members to form closed loops, where possible.

(1) Buttering and Buildup

Buttering or buildup by welding on the weld joint surface to correct oversized root opening or
errors in joint preparation is allowed, provided such buildup of each joint edge shall not exceed
t or 12 mm, whichever is less, where t is the thickness of the thinner member being welded.
Where one side of a joint may not be accessible, the total buttering or buildup (that is 2t or 25 mm,
whichever is less) may be deposited on one member. Temporary backing may be used to assist
in the buttering or buildup. When root openings cannot be corrected within this limitation, repair
shall be made using patches, insert plates and so forth, in accordance with (2) and (3) below.
Buttering or buildup may be employed for fairing or for other corrections over or adjacent to
welds, provided the above restrictions are not exceeded. This buildup shall be considered part of
the involved weld.

(2) Insert Plates
Insert plates welded into primary structure shall have a minimum width of 75 mm and shall have
full penetration, 100% efficient butt welds.

(3) Access and Closure Plates

Boundaries of access and closure plates shall be located between principal boat framing or
bulkheads, and shall be at least 75 mm from any of these members. When variance from this
75 mm minimum is required by special circumstances, such variances shall be subject to
approval by the Surveyor. The boundaries of access and closure plates should land on existing
butts or seams, wherever practical. See Fig. Il 2-1 below.

Corners of access or closure plates shall have a minimum radius of 75 mm, except when a
boundary lands on an existing hull longitudinal or transverse butt joint. In the latter instance, the
corners shall intersect the weld at an angle of 90 + 15 degrees (see Fig. Il 2-1 below). Closure
plate weld joints shall be full penetration 100% efficient butt welds.
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Figure 1B

Fig. 11 2-1
Inserts and Patches in Plating

2.2.3  Cleanliness

Suitable solvents or mechanical means are to be used to remove oil, grease, indelible markings, and all other
contaminants from the vicinity of all joints prior to welding. Oxide films that cannot be removed by the specific welding
process, including any water stains (hydrated alumina oxide) are to be removed from the groove surfaces that are to be
welded, including joint and faying surfaces as well as adjacent surfaces within 25 mm of the weld. Removal may be by
mechanical means, such as a power driven, clean stainless steel wire brush, sanding with a 36-100 grit aluminium oxide
sanding disk or by approved chemical means. Welding shall take place within eight hours of removal of oxide films
except in way of faying surfaces of fillet welds. Interpass cleaning to remove slag, soot, overlap conditions, spatter, etc.,
is required. Degreasers are not to be used when the joint is such that the degreaser can collect in crevices such as faying
surfaces between plate and backing bars or in way of lapped connections. Fusion welding is not to be performed on
anodically-treated aluminium, except when the surface oxide is removed from the joint areas to be welded.

2.2.4  Tack Welds

Tack welds shall be made with the same type of electrode as the final weld and should be deposited to facilitate
incorporation into the final weld. Tack welds of poor quality or workmanship shall be removed.
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2.25  Stud Welding

The attachment of pins, hangers, studs and other related items by stud welding may be approved at the discretion of the
Surveyor. At the Surveyor's discretion, trial stud welds should be tested to demonstrate that stud welds and base material
in way of stud welds are sufficiently sound for the intended application, prior to actual production work. The use of stud
welding for structural attachments is subject to special approval and may require special procedure tests appropriate to
each application.

2.2.6  Temporary Back-up Plates and Tapes

A temporary back-up plate may be applied to the opposite side of the joint during welding to assist in reducing distortion
and to decrease heat concentration. Anodized "hard" aluminium back-up plates are recommended for this purpose,
although clean stainless steel or rust-free mild steel plates may also be used. Back-up plates when used are to be free of
contaminants and oxides which would interfere with welding. Welding is to be controlled so as not to allow arcing of
the aluminium welding consumable to the temporary back-up plate. Any accidental arcing to the back-up plate is to be
corrected by removal of all contaminated weld or base metal. Approval of procedures involving the use of backing tapes
may be considered, provided it is demonstrated to the Surveyor's satisfaction that their use results in satisfactory welding
and that plate distortion is not excessive.

2.2.7  Run-on and Run-off Tabs

When used, run-on and run-off tabs are to be designed to minimize the possibility of high-stress concentrations and
cracking of the base metal and weld metal.

2.2.8  Forming

Cold forming of 5000 series aluminium alloys is to be conducted at temperatures below 52°C, except for the 5454 alloy,
where the maximum temperature may be 149°C. See Table Il 2-5 below for minimum cold-forming radii. When the
extent of cold forming is such that base plate properties are changed beyond acceptable limits, appropriate reheat or
stress relief treatments are to be used to reestablish acceptable properties. Hot forming of 5000 series aluminium alloys
is generally conducted at temperatures between 260°C and 425°C. Hot or cold forming is not to be performed in
structures of any aluminium alloy unless supporting data is presented to the Surveyor's satisfaction indicating that
significant material property changes will not result. Appropriate temperature control methods are to be used in all hot
forming and stress relieving operations. In hot forming or stress relieving, exposure of the 5000 series alloys to the 65°C
to 200°C temperature range is to be minimized by the use of appropriate cooling techniques. Typically, 6000 series
aluminium is not to be formed. For 6000 series aluminium to be considered for forming, supporting technical data is to
be submitted for review and approval prior to forming.

2.3 Production Welding

2.3.1  Environment

Proper precautions are to be taken to insure that all welding is done under conditions where the welding site is protected
against deleterious effects of moisture, wind and severe cold. Paint or oil mist and other contaminants which tend to
cause weld porosity are to be excluded from the vicinity where welding is in progress.

2.3.2  Preheat

Preheating is not generally required for aluminium alloys. The use of preheat may be desirable when welding materials
of thick cross section, materials subject to high restraint, and when welding is performed under high humidity conditions
or when the temperature of the aluminium alloy is below 0°C. When preheating is used, appropriate production controls
are to be used to maintain the specified temperatures, in accordance with accepted procedures and to the satisfaction of
the Surveyor. Preheating temperatures which sensitize an alloy to corrosion are to be avoided. For the 5000 series alloys,
it is generally recommended to avoid prolonged exposure to the 65°C to 200°C temperature range. Preheat and interpass
temperatures shall be verified by temperature sticks, small contact thermometer, pyrometer, etc. a minimum of 25 mm
away from the weld area.

2.3.3  Postheating

Weldments of work hardenable 5000 series aluminium alloys are not to be postweld heat treated unless the procedures
have been specially approved. Where use of a heat-treatable alloy has been approved, any postweld heat treatment
proposed is to be as established in procedure qualification tests. Post weld heat treatment is not required on 5000 series
aluminium materials, stainless steels, copper alloys or nickel alloys.
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2.3.4  Accessibility

Assembly and welding is to be arranged to provide sufficient accessibility to the joint by the welder, the welding
equipment and for inspection.

2.3.5  Sequence

Welding is to be planned to progress symmetrically so that shrinkage on both sides of the structure will be equalized.
The ends of frames and stiffeners are to be left unattached to the plating at the sub-assembly stage for a distance of about
300 mm until connecting welds are made in the intersecting systems of plating, framing and stiffeners at the erection
stage. Welds are not to be carried across an unwelded joint or beyond an unwelded joint which terminates at the joint
being welded unless especially approved.

2.3.6  Back Gouging

Chipping, routing, milling, grinding or other suitable methods are to be employed at the root or underside of the weld to
obtain sound metal before applying subsequent beads for all full-penetration welds.

2.3.7  Fairing and Flame Shrinking

Shrink welds may be used, but fairing by heating or flame shrinking to correct distortion or defective workmanship in
fabrication of main strength members within the midships portion of the craft and other plating which may be subject to
high stresses is not generally recommended. If intended to be used, it is to be carried out only with the expressed approval
of the Surveyor. For the 5000 series alloys, it is generally recommended that heating and cooling through the sensitizing
range of 65°C-200°C is to be as rapid as practicable.

2.3.8  Inspection of Welds

(a) Visual inspection
Visual inspection during construction is to consist of inspecting the surface appearance of welds for the
existence of flaws or defects, as stated below. The inspection zone includes the weld face and 12 mm of
adjacent base metal. The surface of the welds is to be regular and uniform with proper contour, a minimum
amount of reinforcement and reasonably free from undercut and overlap, slag, paint and weld splatter. The
Surveyor can use a low-power (3X) magnifying glass to aid in visual examination of doubtful weld areas.

() Appearance
Welds shall be free of cracks, incomplete fusion and burn-through. Visible arc-strikes on welds and the
adjacent base metal are not allowed and shall not exceed 1 mm in depth after removal. Weld spatter
greater in diameter than 1 mm is not acceptable. Gouge marks, nicks and other fabrication scars in the
weld inspection zone shall not exceed the requirements for undercut. Weld surfaces shall be free of slag
to the extent that there is no interference with visual or other required nondestructive test. Crater pits
are considered acceptable, provided the area contains no cracks, and the root concavity and convexity
limits are not exceeded and the minimum weld thickness requirements are met.

(i) Melt-through
Melt-through and repaired burn-through areas are acceptable, provided the areas do not contain cracks,
crevices, excessive oxidation or globules, and provided that the root convexity and concavity limits are
not exceeded.

(iii)  Underfill
Underfill is unacceptable in a weld or base metal when it occurs as a sharp notch or where the depth
reduces the weld thickness below the minimum base metal thickness.

(iv)  Undercut
The minimum undercut shall be 1 mm or 10% of the adjacent base metal thickness, whichever is less.
For base metal thickness 12 mm and greater, undercut from 1 mm to 1.5 mm is allowed if the
accumulated length of undercut does not exceed 15% of the joint length or 300 mm, whichever is less.

(v) Welded joint offset

The maximum offset for all welded joints shall be as follows:
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Base Metal Thickness Maximum Offset

6 mm and less 25% of joint thickness

Over 6 mm to 19 mm 25% of joint thickness, but not to exceed 3 mm
Over 19 mm to 38 mm 5 mm

Over 38 mm 12.5% of joint thickness, but not to exceed 6 mm

For misalignments that exceed the table above and less than 0.5t, the structure may be fixed by using deep
penetration welds. For misalignments that exceed 0.5t and are less than 1.0t, the structure may be fixed by
aligning flat bar (F.B.) doubling strips. Misalignments greater than 1.0t are to be corrected by realignment
of the structure. See Fig. Il 2-2.

F.B.

Misalignments less than 0.5t Misalignments between 0.5t and 1.0t

Fig. 11 2-2
Repairs of Misalignments

(b) Dye Penetrant

Dye penetrant inspection is to be used when investigating the outer surface of welds or may be considered
for use as a check of intermediate weld passes, such as root passes and also to check back-chipped, ground
or gouged joints prior to depositing subsequent passes. Any dye penetrant used is to be thoroughly removed
from the area before re-welding. Dye penetrant is not to be used where complete removal of the dye penetrant
materials cannot be assured.

(i) Type of dye penetrant
Penetrant materials consist of solvent-removable, visible dye penetrant with associated penetrant
remover (solvent) and nonaqueous wet developer.

(i) Surface preparation

Surfaces to be inspected shall be free from scale, slag and adhering or imbedded sand or other extraneous
materials. With the exception of undercuts which are within allowances, the contour of welds shall blend
smoothly and gradually into the base metal. Weld surface irregularities shall be removed to the extent
that they will not interfere with interpretation of the test results. The final liquid penetrant inspection
shall be performed in the final surface condition, as specified herein.

Peening, shot, sand, grit and vapor blasting shall not be performed on surfaces before liquid penetrant
inspection.
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(iif)

Surfaces for which a specific finish is required shall be given this surface finish prior to the final liquid
penetrant inspection.

Test procedure requirements

All surfaces being tested shall be thoroughly cleaned of extraneous material. If a nonvolatile liquid is
used for cleaning, the surface shall be heated or dried with hot air to assure complete removal of the
cleaner. As a final cleaning operation, each surface shall be dipped, sprayed, wiped or brushed with an
acceptable solvent and thoroughly dried by removing the excess with a clean dry cloth or absorbent
paper, and allowing the remainder to evaporate for a minimum of 5 minutes. Prior to liquid penetrant
inspection, the surface to be tested and any adjacent area within 25 mm of the surface to be tested shall
be dry and free of any dirt, grease, lint, scale and salts, coatings or other extraneous matter that would
obscure surface openings or otherwise interfere with the test.

Maximum penetration into extremely small openings requires that the penetrant and the test surface be
maintained at the temperature recommended by the penetrant manufacturer, but in no case shall be less
than 10°C. The temperature of the penetrant and the test surface shall not exceed 38°C. Due to the
flammable nature of liquid penetrant inspection materials, the use of an open flame for heating purposes
shall be prohibited. Special conditions requiring deviation from the above requirement requires approval
of the Surveyor.

The surface to be tested shall be thoroughly and uniformly coated with penetrant by flooding, brushing,
immersion or spraying. Unless otherwise recommended by the manufacturer and approved by the
Surveyor, dwelling time for the penetrant shall be not less than 15 minutes and no greater than 20
minutes.

The excess penetrant shall be removed from all surfaces as follows:

(1) As much excess penetrant as possible shall be removed by wiping the surface thoroughly with a
clean dry cloth or absorbent paper.

(2) The remaining excess penetrant shall be removed by wiping the surface with a clean cloth or
absorbent paper dampened with a penetrant remover specified by the penetrant material
manufacturer.

Flushing of the surface with any liquid following application of the penetrant and prior to developing is
prohibited.

The drying of the test surface after the removal of the excess penetrant shall be accomplished only by
normal evaporation, or by blotting with absorbent paper or clean, lint-free cloth. Forced air circulation
in excess of normal ventilation in the inspection area shall not be used. Unless otherwise specified by
the penetrant manufacturer, the time for surface drying after removal of excess penetrant and prior to
application of the developer shall be limited to a maximum of 10 minutes.

A nonaqueous wet developer specified by the penetrant manufacturer shall be used. Immediately prior
to application, the developing liquid shall be kept agitated in order to prevent settling of solid particles
dispersed in the liquid. The developer shall be uniformly applied in a thin coating to the test surfaces by
spraying. Pools of wet developer in cavities on the inspection surface is not permitted since these pools
will dry to an excessively heavy coating in such areas resulting in the masking of indications. Inspection
shall be made a minimum of 7 minutes and not later than 30 minutes after the developer has dried.

When the inspection is concluded, the penetrant materials shall be removed as soon as possible by means

of wiping, water-wetted clean cloth or solvents, as described above, and with applicable cleaning
procedures.

(c) Radiographic or Ultrasonic Inspection

Radiographic or ultrasonic inspection or both may be used when the overall soundness of the weld cross
section is to be evaluated. Finished welding is to be sound and thoroughly fused throughout its cross section
and to the base material. Production welds are to be crack free. Other discontinuities, such as incomplete

(d)

fusion or incomplete penetration, slag and porosity, are only to be present to the degree permitted by the

pertinent inspection standard. The procedures and standards for radiographic and ultrasonic inspection is to
be in accordance with Part XII Chapter 1 of the Rules for Steel Ships or other recognized standards.

Weld Plugs or Samples

The practice of taking weld plugs or samples by machining or cutting from the welded structure is not

recommended and is to be considered only in the absence of other suitable inspection methods and is to be
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subject to the special approval of the Surveyor. When such weld plugs or samples are removed from the
welded structure, the holes or cavities formed are to be properly prepared and welded, using a suitable
welding procedure approved by the Surveyor and as established for the original joint

2.3.9  Workmanship Requirements
The workmanship requirements include the visual acceptance criteria stated in 2.3.8(a) above plus the following
structural fairness requirements provided below. In addition, welded attachments shall be removed to a minimum of 1.5
mm away from the permanent member to which they are attached by chipping, sawing or cutting, followed by grinding
or sanding to restore the plate surface.

(a) Structural Fairness for Plating

Unfairness (deviation from the design molded line) of welded plating shall not exceed the tolerances shown
on Fig. 11 2-3 and Fig. Il 2-4. Permissible unfairness should result in a generally fair curve across the panel,
except that an additional deviation of 3 mm from the fair curve is permitted in way of welded butts and seams.
Sharp knuckling or bend in way of stiffeners shall be avoided. A procedure for measuring fairness and taking
corrective actions shall be developed and be available for review by the surveyor.

If aid is necessary in determining the acceptability of the fairness of welded structure, a measurement of the
unfairness of plating may be made in the area of interest. In such cases, the measurement shall be made
across the minor dimension of the panel. The tolerances specified on Fig. Il 2-3 and Fig. Il 2-4 are plus or
minus the dimensions from a fair line.

For stiffener spacings greater or less than those shown on Fig. 1l 2-3 and Fig. 1l 2-4, the curves shall be
extrapolated proportionately.

(b) Structural Fairness for Framing and Stiffeners

Frame, beam and stiffener bows in primary strength structure or structure subject to dynamic loading shall
be corrected when it varies plus or minus from the designated or molded line in excess of the following:

r=c(-L) mn

dw
Where:
T = tolerance in mm.
¢ = 530
l = span of member between the fixed ends at the support structure in m.
dw = depth of the stiffening member measured from the underside of the flange in mm.

(c) Underwater Exterior Surfaces
In general, weld surfaces shall not extend greater than 1.5 mm above the plate surface.

2.3.10 Quality Control

To maintain quality control, sample welds may be required to be made by welders and operators during each 3 month
period, at the discretion of the Surveyor and at the location of production welding, using the same equipment, material
and welding consumable as intended for production. The sample welds are to be examined for acceptable workmanship
and may be required to be sectioned, etched and examined for weld soundness. When necessary, measures are to be
taken to correct unacceptable workmanship.

(a) For stud welding
Aluminium stud welding requires attention to the following points to assure good reliability.
(i) Correctly designed studs and proper matching of stud and base metal.
(i) Power source and welding equipment of sufficient capacity for stud size.
(iii)  Surfaces that are clean and free of lubricants, oxides, and other contaminants

(iv)  Proper positioning of the stud welding gun on the work surface, and correct stud lift and plunge
settings.
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Visual inspection of aluminium stud welds for acceptance is limited because the appearance of the weld fillet
does not necessarily indicate soundness. Therefore, visual inspection of aluminium stud welds is
recommended only to determine complete fusion and absence of undercut around the periphery of the weld.

Aluminium studs can be tested to establish acceptable welding procedures using a bend test. If the stud bends
to 15° from the original axis without breaking the stud or weld, the stud welding techniques should be
considered satisfactory. Production studs should not be bent and then straightened because of possible
damage to them. In this case, the torque test or seperate qualification test plates may be substituted.

Torque testing of threaded aluminium studs is done in the same manner as that used for steel studs. Torque
is applied to a predetermined value or until the stud fails. For a particular application, the acceptable proof
load should be established by suitable laboratory tests, relating applied torque to tensile loading.

2.3.11 Repair Welding

Unsatisfactory welding, as determined by visual inspection, nondestructive test methods, or leakage under hydrostatic
tests, is to be corrected by the removal of the defective weld or adjacent material or both and corrected by rewelding,
using a suitable repair welding procedure consistent with the material being welded. The repair procedures shall be
available for the welder. Multiple repairs (weld cycles) to 5000 series aluminium alloys in the same general area are
allowed. Removal by mechanical means of minor surface defects such as arc strikes, scratches or shallow gouges may
be permitted at the discretion of the attending Surveyor. Repaired welds must meet the inspection requirements for the
original weld.

2.4  Butt Welds

2.4.1  Joint Design

Hull plating up to 5.0 mm in thickness may be square-butt welded without beveling the abutting plate edges. Plates
exceeding 5.0 mm may be prepared for welding by similarly beveling the edges of both plates from one or both sides to
form a single-Vee or double-Vee butt joint with an included angle from 60 degrees to 90 degrees. For single-Vee butt
joints in material 5.0 mm and thicker, the root face or land may be up to 3.0 mm in depth. Root faces or lands below 1.5
mm are not generally recommended. For double-Vee butt joints in material 8.0 mm and thicker, the gap may vary from
0 to 5.0 mm. Joints of other designs and root openings, such as the square butt joints in heavy thicknesses used with
automated procedures will be subject to special consideration. In general, use of double-Vee in lieu of single-Vee joints
and the narrowest root gap practicable is recommended to minimize distortion.

Butt-type permanent backing strap joints welded from one side shall not be used. For both single-Vee and double-Vee
joints, the weld metal at the root on the reverse side of a weld made without permanent backing is to be removed to
sound metal by an approved method before applying subsequent weld passes. See 2.3.6. Welded butt joints made against
removable backing and on which the root is inspected in accordance with these requirements shall be considered the
equivalent of a joint welded from both sides.

| 25 Fillet Welds

2.5.1 General

(a) Size of fillet welds

The actual sizes of fillet welds are to be indicated on detail drawings or on a separate welding schedule and
submitted for approval in each individual case.

(b) Intermittent welding at intersection

Fillet welds may be made by an approved manual, semi-automatic or automatic process. Completed welds
are to be to the satisfaction of the attending Surveyor. The gaps between the faying surfaces of members
being joined should be kept to a minimum. Where the opening between members being joined exceeds
1.0 mm and is not greater than 5 mm, the weld leg size is to be increased by the amount of the opening in
excess of 2.0 mm. Spacing between plates forming tee joints is not to exceed 5 mm. Where the opening
between members is greater than 5 mm, corrective procedures are to be specially approved by the Surveyor.

(c) Welding of longitudinal to plating
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Special precaution such as the use of preheat or low-hydrogen electrodes or low-hydrogen welding processes
may be required where small fillets are used to attach heavy plates or sections. When heavy sections are
attached to relatively light plating, the weld size may be required to be modified. When terminating an
aluminum weld, either continuous or intermittent, crater filling by back stepping is recommended to provide
a sound ending for each fillet.

(d) For all welds in ballast tanks required to be in compliance with the IMO PSPC and/or IMO PSPC-COT
Regulations, continuous welding is to be adopted.

2.5.2  Tee Connections
In general, the required size and spacing of the fillets is to be as given in 2.5.3.

(a) Size of fillet welds

Frames, beams, bulkheads stiffeners, floors and intercostals, etc. are to have at least the disposition and sizes
of intermittent or continuous fillet welds, as required by Table Il 2-6. Where it is desirable to substitute
continuous welding for intermittent welding, as given in Table Il 2-6, a reduction from the required size of
fillet may be allowed if equivalent strength is provided.

(b) Intermittent welding at intersection

Where beams, stiffeners, frames, etc., are intermittently welded and pass through slotted girders, shelves or
stringers, there is to be a pair of matched intermittent welds on each side of each such intersection and the
beams, stiffeners and frames are to be efficiently attached to the girders, shelves and stringers.

(c) Welding of longitudinal to plating

Welding of longitudinals to plating is to have double continuous welds at the ends and in way of transverses
equal in length to the depth of the longitudinal. For deck longitudinals only, a matched pair of welds is
required at the transverses.

(d) Stiffeners and webs to hatch covers

Unbracketed stiffeners and webs of hatch covers are to be welded continuously to the plating and to the face
plate for a length at ends equal to the end depth of the member.

2.5.3  Fillet Sizes and Spacing

Tee connections are to be formed by continuous or intermittent fillet welds on each side, the leg size, w, of the fillet
welds is to be obtained from the following equations:

S
w=tp><C><7+1.5 mm

where:
w = size of the weld leg, in mm
ty = thickness of the thinner of the two members being joined, in mm
c = weld factor given in Table Il 2-6
S = distance between centers of weld fillets, in mm. See Fig. Il 2-5.
l = actual length of the weld fillet, clear of crater, in mm. See Fig. Il 2-5.

w is not to be taken less than 0.3t,, or 3.5 mm, whichever is greater.

The throat thickness of the fillet is to be not less than 0.7w.

In calculating weld factors, the leg length of matched fillet weld is to be taken as the designated leg length or 0.7¢,, +
2.0 mm, whichever is less.

Where it is intended to use continuous fillet welding, the leg size of fillet welds is to be obtained from the above equations
taking S/l equal to 1.

For intermittent welding with plate thickness less than 7 mm welds are to be staggered.

2.5.4  Thin Plating
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For plating of 6.5 mm or less, the requirements of 2.5.3 may be modified as follows:

S l
W=ty XC ><T+ 2.0 [1.25 - (E)] mm

Whin = 3.5mm

For plates less than 4.5 mm, welds less than required above will be considered.

2.5.5

Length and Arrangement of Fillet

Where an intermittent weld is permitted by Table Il 2-6, the length of each fillet weld is to be not less than 75 mm for
tp: of 7. mm or more, nor less than 65 mm for lesser t,;. The unwelded length is to be not more than 32t,,.

2.5.6

(@)

(b)

(©)

(d)

(e)

257

Fillet Weld Arrangements

Intersections

Where beams, stiffeners, frames, etc., are intermittently welded and pass through slotted girders, shelves or
stringers, there is to be a pair of matched intermittent welds on each side of each such intersection and the
beams, stiffeners and frames are to be efficiently attached to the girders, shelves and stringers. The length of
the matched intermittent fillet welds is to be 0.125 times the length of the joint or 100 mm, whichever is
greater.

Unbracketed End Attachments

Unbracketed beams, frames, etc., and stiffeners of watertight and tank bulkheads and superstructure and
house fronts are to have double continuous welds for length at each end equal to the depth of the member
but not less than 0.125 times the length of the joint or 200 mm, whichever is greater.

Bracketed End Attachments

Frames, beams, stiffeners etc., are to be lapped onto the bracket a length not less than 1.5 times the depth of
the member, and are to have continuous fillet welds all around. Lapped end connections of longitudinal
strength members are also to have a throat size, t, such that the total effective area of the lap welding is not
less than the area of the member being attached.

Lapped Joints

Lapped joints are typically not to be used in structural applications or on plates greater than 6 mm thick,
unless specially approved. Lapped joints are generally to have a width of overlap not less than twice the
thickness of thinner plate plus 25 mm with welds on both edges of the sizes required by 2.5.3.

Plug Welds or Slot Welds

Plug welds or slot welds are to be specially approved for particular applications. When approved, an
appropriate demonstration that adequate weld penetration and soundness is achieved is to be made to the
Surveyor’s satisfaction. When used in the attachment of doublers and similar applications, plug or slot welds
may be spaced at 16 times the doubler thickness, but not more than 300 mm between centers in both directions.
In general, elongated slot welds are recommended. For closing plates on rudders, slots are to be 75 mm in
length spaced at 150 mm between centers. The periphery of the plugs or slots are to be fillet welded, of fillet
size, w, generally not less than 0.70 times the plate thickness. Plugs and slots are not to be filled with welded
deposit.

Bi-material Joints

Techniques required for joining two different materials will be subject to special consideration. The use of explosion
bonding may be considered depending on the application and the mechanical and corrosive properties of the joint. The
material is to meet the requirements specified in 11.3 in Part XI of the Rules for Steel Ships.

The following drawings/information are to be submitted to the Head Office of the Society that carries out the plan review:

(@)

- 12 -

Drawing indicating the location on the vessel/craft of the bi-material joint
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(b) Appropriate plate thickness and material specification

(c) Butt/fillet welding procedure

(d) Manufacturing procedure and control manual for bi-material joints.
(e) Material certificate and test results of the bi-material joints

(f) Calculation of maximum tensile and shear stress for the joints when installed at position

In addition to complying with the above mentioned requirements, the following points are to be considered:

(a) Tensile and shear strength of the structural arrangement is to comply with the requirements as mentioned in
11.3 in Part XI of the Rules for Steel Ships.

(b) Suitable insulation is to be provided for the joints.

(c) Such joints are required to be appropriately painted, coated, wrapped or protected by other methods to
prevent the galvanic corrosion.

25.8  Alternatives

The foregoing are considered minimum requirements for welding in hull construction, but alternative methods,
arrangements and details will be considered for approval. Fillet weld sizes may be determined from structural analyses
based on sound engineering principles, provided they meet the overall strength standards of the Rules.

2.6 Welding Consumables

2.6.1 General

Welding consumables are to be of a type suitable to produce sound welds that have strength, ductility and
corrosion-resistant properties comparable to the materials being welded. Appropriate precautions are to be used to
prevent any critical property change of filler wire quality during storage and handling. A list of recommended
welding consumables for different alloys is given in Table Il 2-3 and Table 1l 2-4.

2.6.2  Approval Basis

Welding consumables will be approved in accordance with 4.8 in Part XI1 of the Rules for Steel Ships and listed, subject
to tests conducted at the manufacturer's plant. Upon satisfactory completion of tests, a Product Works Approval
Certificate (PWAC) will be issued for general approval indicating the grade or classification to which the welding
consumable was tested and the relevant characteristics of the welding consumable. Test assemblies are to be prepared
in the presence of the Surveyor and all tests are to be attended by and carried out to the satisfaction of the Surveyor.
Procedure and testing is to comply with either of the following standards.

(a) Welding consumables will be considered for approval based upon tests conducted to standards established
by the American Welding Society or other recognized organizations.

(b) Special approvals to manufacturer's specifications.

| 2.7  Approval of Welding Procedures

2.7.1  Scope of Application

This secion gives general requirements for the qualification tests of the welding procedures intended to be used for the
aluminium alloys for hull construction and marine structures specified in Part X1 Chapter 11 of the Rules for Steel Ships.

This section specifically excludes the welding procedure intended for LNG containment.

2.7.2  General Requirements

CR CLASSIFICATION SOCIETY - 13 -
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(@)

(b)

(©

(d)

(e)

)

(9)

(h)

(i)

()

(k)
U

(m)

2.7.3

@
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It is the responsibility of the manufacturer to ensure compliance with all aspects of the Rules. All deviations
are to be recorded as non-compliances and brought to the attention Surveyor along with the corrective actions
taken. Failure to do this is considered to render the welding tests as not complying with the Rules.

Welding tests are to be performed under survey at the manufacturer's works. Welding procedure qualification
tests and welder qualifications tests specified in 2.8 are to be performed and approved prior to
commencement of fabrication or construction.

Weld procedure tests made in accordance with EN, 1SO, JIS, ASME or AWS may be considered for
acceptance provided that, as a minimum, they are equivalent to and meet the technical intent of this Chapter
to the satisfaction of the Surveyor.

Welding tests that have previously been carried out may be considered for acceptance, provided that they
have been supervised by an independent body acceptable to the Society and the Surveyor is satisfied with
the authenticity of such tests.

The responsibility for the performance of the weld tests rests with the manufacturer. Aspects of the welding
tests, such as mechanical testing, non-destructive testing and heat treatment, may be subcontracted by the
manufacturer provided that the subcontractor performs the work under the technical control and direction of
the manufacturer, and this is agreed with the Surveyor prior to commencing the work.

In this Chapter, the term "manufacturer" is considered to include any firm or organisation that performs
welding and is considered to be the shipyard, or construction firm, or fabricator, or material manufacturer.

Welding procedure qualification tests are required to give assurance that construction welds made in
accordance with the approved plans or the approved design have acceptable properties. It is the
manufacturer's responsibility to establish and document whether a procedure is suitable for a particular
application.

The requirements relate to mechanical properties of the weld and heat affected zone, however, other tests
may be required on certain materials, for example, corrosion or fatigue tests, in order to ensure suitability
for the proposed application.

Materials used for testing are to be of the same grade, type and from the same manufacturing process as those
to be used for construction, unless prior agreement is obtained from the Surveyor. Such agreements will only
apply on a case-by-case basis.

All materials used for testing are to be suitably marked and identifiable to the original manufacturer's material
certificate.

All welding and subsequent testing is to be performed in accordance with the requirements of this Chapter.

The manufacturer is responsible for monitoring the tests and for recording all the welding variables as
specified in 2.7.2(c) and for compiling all the non-destructive examination (NDE) reports and mechanical
test records for submission to the Surveyor.

The laboratory or testing establishment used to perform the tests is to have the necessary equipment,
maintained in good order and suitably calibrated. The laboratory personnel shall have the appropriate skills
and qualifications, if necessary, to the satisfaction of the Surveyor.

Welding Procedure

Welding processes

The welding processes below indicated, together with their relevant numbering according to 1SO 4063, are
in general used for welding aluminium alloys.

- 131 - metal-arc inert gas welding (MIG welding)
- 141 - tungsten inert gas arc welding (T1G welding)
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- 15 - plasma arc welding

(b) Welding consumable

The welding consumables should be approved in accordance with the requirements specified in 4.8 in Part
XI1 of the Rules for Steel Ships. Where non approved welding consumables are used at the discretion of the
Society, the requirements for the qualification of the welding procedures should be established on a case by
case basis. In general additional tests on deposited weld metal are required in accordance with 4.8 in Part XII
of the Rules for Steel Ships.

(c) Welding procedure specification (WPS)

A welding procedure specification should be prepared by the shipyard or manufacturer and proposed for
acceptance; this section is also referred to as preliminary welding procedure specification (pWPS) and can
be modified and amended during the procedure tests as deemed necessary.

In its final version the welding procedure specification should be used as a basis for the production welds
and should include all the parameters characterizing the welding process, in particular:

- type of welding process and equipment as appropriate

- type of joint, preparation and backing material, if any

- parent metal and thickness range

- welding consumable

- welding position/s

- minimum preheat and maximum interpass temperature

- post weld heat treatment (PWHT) if applicable

- shielding gas

- welding parameters

- other information relevant to the welding procedure as applicable.

(d) Welding procedure qualification

Welding procedure tests, according to the proposed pWPS, shall be carried out for the qualification of the
welding procedure.

The test pieces should be chosen so as to cover all the production welds in accordance with the range of
approval given in 2.7.6.

The actual parameters used for welding the qualification test pieces and the results of the inspection and tests
carried out shall be recorded in the welding procedure test record.

The qualification tests (welding and testing) shall be witnessed by the Surveyor.

The welding procedure test record shall in general be issued by the shipyard or manufacturer and shall be
signed by the Surveyor.

(e) Certificate of approval of the welding procedure

Upon the satisfactory completion of the qualification tests, a certificate of approval of the welding procedure
shall in general be issued by the Society to the shipyard or manufacturer stating the conditions of the approval
of the WPS such as thickness range, positions, type of Al alloy/s, welding consumable, etc.

2.7.4  Qualification of Welding Procedures

(a) Buttweld
(i) Assembly and welding

The test pieces should be of sufficient size to ensure a reasonable heat distribution during welding and
to provide for the required test specimens, after sufficient discard at the ends, see Fig. Il 2-6.

The edge preparation and fit up should be in accordance with the pWPS.

If tack welds are to be fused into the production joint they should be included in the test pieces.
The test assembly should have the following minimum size:

- manual and semiautomatic welding: length L = 350 mm; width W = 300 mm,
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- automatic welding: length L = 1000 mm; width W = 400 mm.

The cleaning of the parts to be welded should be carried out in accordance with the welding procedure.

The welding should be carried out in accordance with the pWPS and under the general conditions of
production welding which it represents.

(i) Examinations and tests

Non destructive examinations and destructive tests should be carried out in accordance with the
requirements of Table Il 2-7.

Test specimens should be taken in accordance with Fig. 11 2-7.
(iii)  Non-destructive examination (NDE)

Non-destructive examinations should be carried out after any required post weld heat treatment, natural
or artificial ageing, and prior to the cutting of the test specimens.

Welds should be free from cracks. Imperfections detected by visual or non-destructive testing should be
assessed in accordance with 1SO 10042, level B, except for excess weld metal or convexity, excess
throat thickness and excess of penetration for which the level C applies.

(iv)  Transverse tensile test

The specimens for transverse tensile tests should be machined to the dimensions given in Part XI
Chapter 2 of the Rules for Steel Ships.

The tensile strength should meet the requirements stated in Table Il 2-8.
(V) Bend test

The specimens for bend tests should be machined to the dimensions given in Part XI Chapter 2 of the
Rules for Steel Ships. For dissimilar or heterogeneous butt joints longitudinal bend tests may be required
instead of transverse bend tests.

The bend test specimens should be bent on a mandrel with maximum diameter as given in the formula
below. The bending angle shall be 180°.

100t
4o . D,
where
p the maximum former diameter
the thickness of the bend test specimen (this includes side bends)
ty, =
the minimum tensile elongation required by the alloy grade, temper condition and
A= thickness (for combination between different alloys, the lowest individual value should

be used).

After testing the test specimens should not reveal any open defect in any direction greater than 3 mm.
Defects appearing at the corner of the specimens may be disregarded, unless there is evidence that they
result from lack of fusion.

Note: Wrap around method bend tests are recommended for the above mandrel diameter for each alloy.
(vi)  Macro examination

The test specimen should be prepared and etched on one side to clearly reveal the fusion line, the HAZ
and the build up of the runs and the unaffected base metal. The examination should reveal a regular
weld profile, thorough fusion between adjacent layers of weld and base metal and the absence of defects
such as cracks and lack of fusion.

The acceptance levels specified in (c) above apply.

(b) T-fillet weld
() Assembly and welding
The minimum size of the test assemblies should be as follows:
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- manual and semiautomatic welding: length L = 350 mm; width W = 150 mm,
- automatic welding: length L = 1000 mm; width W = 150 mm.

The two plates should be positioned and tack welded edgewise so as to constitute a T assembly without
clearance.

Welding on one or both sides and fit up should be as detailed in the pWPS.

In general for manual and semiautomatic welding a stop/restart position should be included in the test
length and should be clearly marked for subsequent examination.

The cleaning of the parts to be welded should be carried out in accordance with the welding procedure.
(ii) Examination and tests

Non-destructive examination and destructive tests should be carried out in accordance with the
requirements of Table Il 2-9.

(iii)  Visual examination and surface crack detection
The requirements specified in 2.7.4(a)(iii) should be complied with
(iv)  Macro examination and fracture test
The fracture test as well as the macro examination should, in general, satisfy the acceptance level
specified in 2.7.4(a)(iii).
Dimension of leg size, throat and penetration should in general be reported.

2.75 Re-testing

If the test assembly fails to comply with any of the requirements for visual examination or NDE, one further test
assembly should be welded and subjected to the same examination.

If any test specimen fails to comply with the relevant requirements, two additional test specimens should be obtained
for each one that failed. These specimens can be taken from the same assembly, if there is sufficient material, or from a
new test assembly. For the acceptance both tests should give satisfactory results.

Where failed in the above re-testing, the pWPS should be modified before further consideration by the Society is given
to a new test assembly for re-qualification.

2.7.6  Range of Approval

(a) General

The approval of the WPS obtained by a shipyard or a manufacturer is valid for welding in all its workshops
under the same technical and quality control.

All the conditions of validity stated below should be met independently of each other.
Changes outside of the ranges specified may require a new welding procedure test.

(b) Parent metal
The aluminium alloys are grouped into three groups:
- Group A: aluminium-magnesium alloys with Mg content < 3.5% (alloy 5754)

- Group B: aluminium-magnesium alloys with 4% < Mg < 5.6% (alloys 5059, 5083, 5086, 5383 and
5456)

- Group C: aluminium-magnesium-silicon alloys (alloys 6005A, 6061 and 6082)

For each Group, the qualification made on one alloy qualifies the procedure also for the other alloys of the
same Group with equal or lower specified tensile strength after welding.

The qualification made on Group B alloy qualifies the procedure also for Group A alloys.

(c) Thickness

The qualification of a WPS carried out on a test assembly of thickness t is valid for the thickness range given
in Table 11 2-10.

In case of butt-joints between dissimilar thickness, t is the thickness of the thinner material.
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In case of fillet joints between dissimilar thickness, t is the thickness of the thicker material.

In addition to the requirements of Table Il 2-10, the range of qualification of the throat thickness "a" is given
in Table 11 2-11.

Where a fillet weld is qualified by means of a butt weld test, the throat thickness range qualified should be
based on the thickness of the deposited weld metal.

Where the majority of production work is fillet welding, an additional fillet weld test may be required.

Welding position

Provided that comparable welding parameters are used for the included welding positions a test in any one
position qualifies for welding in all positions except for vertical downwards (PG) position where in any case
separate welding procedure test is required.

Type of joint
The range of approval for the types of joint in relation to the type of joint used in the procedure qualification
test is as follows:

- butt-joint welded from one side with backing qualifies also for welding from both sides with gouging;

- butt-joint welded from one side without backing qualifies also for welding from one side with
backing, from both sides with gouging and from both sides without gouging;

- butt-joint welded from both sides with gouging only qualifies that condition,

- butt-joint welded from both sides without gouging qualifies also for welding from both sides with
gouging and from one side with backing.

Welding process

The approval is valid only for the welding process used in the welding procedure test. It is not permitted to
change a multi run deposit into a single run (or single run on each side) or viceversa for a given process. In
the case of a multi-process procedure, the approval is only valid for applying the processes in the order used
during the procedure qualification tests.

Note: For multi-process procedures each welding process may be approved separately or in combination with
other processes. Similarly one or more processes may be deleted from an approved WPS provided the joint
thickness is within the approved thickness range of the relevant welding process to be applied.

Welding consumables
The welding consumable used in the qualification tests qualifies:

(i) Approved welding consumables of the same strength as the consumable used in the procedure
qualification tests.

(i) Approved welding consumables of higher strength than the consumable used in the procedure
qualification tests.

The qualification given to shielding gas and backing gas is restricted to the gas/gas mixture used in the
welding procedure test, see ISO 14175 or other recognised standards for gas designations.

Type of current
Changes in the type of current (AC, DC, pulsed) and polarity require a new welding procedure qualification.

Preheat and interpass temperature
The lower limit of approval is the preheat temperature applied at the start of the welding procedure test.
The upper limit of approval is the interpass temperature reached in the welding procedure test.

Post-weld heat treatment or ageing
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Addition or deletion of post weld heat treatment or ageing is not permitted except that artificial ageing for
6000 series alloys gives approval for prolonged natural ageing.

2.7.7  The Surveyor's Acceptance

The Surveyor may, at his discretion, accept a welding consumable, welding procedure, or both, in a shipyard or
fabricator's plant where it is established to his satisfaction that they have been adequately used for similar work under
similar conditions.

2.8  Welder Qualifications

2.8.1  General

The Surveyor is to be satisfied that the welders and operators are proficient in the type of work which they are called
upon to perform, either through requiring any or all of the tests outlined in the following paragraphs or through due
consideration of the system of employment, training, apprenticeship, plant testing, inspection, etc., employed.

2.8.2  Welder's Qualification Tests

The welder's qualification tests are to be in accordance with Part XII Chapter 3 of the Rules for Steel Ship.
Qualification of welders for a particular alloy may be acceptable for qualification of the welder for other aluminium
alloys. Separate qualification tests are to be made for the gas metal arc and gas tungsten arc processes.

| 2.9  Qualification of Friction Stir Welding of Aluminium Alloys

2.9.1  Scope
(a) The requirements of this Section relate to the Friction Stir Welding (FSW) of aluminium alloys. These
requirements include requirements for verification of welding equipment, welding procedures, qualification
of welding procedures and qualification of welding operators.

2.9.2  Welding Equipment

(a) Welding equipment (e.g. welding machines and FSW tools) is to be capable of producing welds that meet
the specified acceptance levels.

(b) Welding equipment is to be maintained in a good condition and is to be repaired or adjusted when necessary.

(c) After installation of new or refurbished equipment, appropriate tests are to be performed to verify that the
equipment functions correctly.

2.9.3  Weld Procedures
(a) This Section defines the requirements for welding procedures to be applied for FSW of aluminium alloys.

(b) Manufacturers are to prepare a preliminary welding procedure specification (pWPS) defining procedures for
how FSW is to be conducted.

(c) A pWPS is to comply with the requirements of 1SO 25239-4.

(d) Qualification of a pWPS is achieved by conducting welding procedure qualification tests in accordance with
ISO 25239-4. Minimum acceptance criteria for destructive tests are to be in accordance with the Rules or
other recognized standards. Reporting of the qualification tests are to be in accordance with ISO 25239-4.

(e) Provided that the procedure qualification record lists all the relevant variables and there are no inconsistent
features and the results satisfy the requirements, the procedure qualification record may be endorsed by the
Surveyor as satisfying the requirement of the Rules.

() A welding procedure specification (WPS) is to be prepared after the procedure qualification test report has
been endorsed by the Surveyor.
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(9) For welding procedure specifications, the range of approval is to be limited as follows:
(i) Manufacturer

A welding procedure qualified by a manufacturer is valid for welding in workshops under the same
technical and quality management.

(ii) Range of material type

Approval is restricted to the specific aluminium grade and supply condition used in the qualification
test.

(iii)  Thickness
Approval is restricted to the thickness of the test piece in the qualification test.
(iv)  Joint types
The joint types approved are to be those from the welding procedure qualification test only.
(v) Welding tool
Approval is restricted to the specific design of welding tool employed during the qualification test.
(vi)  Other
A range of approval for any other variables will be subject to special consideration.

2.9.4  Qualification of Welding Operators
(a) Welding operators are to be qualified in accordance with 1SO 25239-3.
(b) Welding operators are to be suitably trained and will be required to demonstrate a knowledge of FSW and
have a working knowledge of the welding installation. Knowledge of the FSW process may be demonstrated
by exams passed during the training period. Demonstration of a working knowledge of the welding

installation will be subject to the Surveyor’s satisfaction.

(c) Qualification of welding operators is to be by welding tests as specified in ISO 25239-3 or by conducting
weld procedure qualification tests.

(d) Upon successful completion of all necessary examination and tests, the welding operator is to be considered
qualified. The range of qualification is to be as specified in ISO 25239-3.

(e) A certificate of qualification is to be issued in accordance with 1ISO 25239-3.

| 2.10 Alternatives

The foregoing are considered minimum requirements for aluminium welding in hull construction, but alternative
methods, arrangements and details may be considered for approval.
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Table 11 2-1
Minimum Mechanical Properties for Butt-Welded Aluminium Alloys®
Alloy Ultimate Tensile Yield Strength, Y,,©® Shear Strength, T, ¢
Strength, Uy (N/mm?) (N/mm?) (N/mm?)
5083-HI111 269 145 83
5083-H116, H321 276 165 96
5083-H323, H343 276 165 96
5086-H111 241 124 69
5086-H112 6 mm—12 mm 241 117 65
5086-H112 12 mm —25 mm 241 110 62
5086-H112 Greater than 25 mm 241 96.5 55
5086-H32, H34, H116 241 131 76
5383-0O, H111 290 145 83
5383-H116, H321 290 165@ 83
5383-H34 290 145 83
5454-H111 214 110 65
5454-H112 214 83 48
5454-H32, H34 214 110 65
5456-H111 283 165 96
5456-H112 283 131 76
5456-H116, H321 290 179 103
5456-H323, H343 290 179 103
6061-T6® under 9.5 mm 165 138 83
6061-T6® over 9.5 mm 165 103 62

Notes:

(1) The adoption of test values higher than given in this table will be subject to special consideration. Filler wires are
those recommended in Table II 2-2. Values shown are for welds in plate thicknesses up to 38 mm unless otherwise
noted.

(2) Values when welded with 4043, 5183, 5356 or 5556 filler wire.

(3) Yield and shear strength is not required for weld procedure qualification.

(4) Yield strength values as high as 185 N/mm? have been satisfactorily demonstrated and statistically verified.

Table 11 2-2
Aluminium Alloy Welding consumable Composition®
i . . . o Other® o
Alloy Silicon Iron Copper | Manganese | Magnesium | Chromium | Zinc Titanium Aluminium
Each Total
4043 4.5-6.0 0.80 0.30 0.05 0.05 - 0.10 0.20 0.05 0.15 Remainder
4943 5.0-6.0 0.40 0.10 0.05 0.10-0.50 - 0.10 0.15 0.05 0.15 Remainder
5183 0.40 0.40 0.10 0.50-1.0 43-52 0.05-0.25 0.25 0.15 0.05 0.15 Remainder
5356 0.25 0.40 0.10 0.05-0.20 4.5-5.5 0.05-0.20 0.10 0.06-0.20 0.05 0.15 Remainder
5554 0.25 0.40 0.10 0.50-1.0 2.4-3.0 0.05-0.20 0.25 0.05-0.20 0.05 0.15 Remainder
5556 0.25 0.40 0.10 0.50-1.0 4.7-5.5 0.05-0.20 0.25 0.05-0.20 0.05 0.15 Remainder

Notes:
(1) Composition in percent maximum unless shown as a range or specified. See also AWS AS5.10.
(2) The maximum Beryllium content of all filler wires is to be 0.0003%.
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Table 11 2-3
Welding consumables for Welding Aluminium Alloy — Sheet, Plate and Extrusions @ @
Base Metal Alloys 5083 5086 5383 5454 @ 5456 6061, 6082
5083 5183 5356 5183 5356® 5183 5356
5086 5356 5356 5356 5356® 5356 5356
5383 5183 5356 5183 5356® 5183 5356
5454 ® 5356 5356 5356 5554©® 5356 5356
5456 5183 5356 5183 5356® 5556 5356
6061, 6082 5356 5356 5356 53569 5356 4043, 4943 - ©
Notes:
(1) Recommendations in this table apply to gas shielded-arc welding processes.
(2) Welding consumable alloys 5183, 5356 and 5556 may be used interchangeably, provided that strength, ductility and
corrosion resistance are suitable for the service conditions.
(3) 5454 aluminium alloy welded with 5554 welding consumable is generally recommended for above 65°C, such as
for smoke stacks and engine room enclosures
(4) 5183 or equivalents may be used.
(5) Incase 4943 is selected, tensile test results are to be submitted to the Society for review.
Table 11 2-4
Welding consumables for Welding Aluminium Alloy Castings to Castings and Plate
Castings SG70A SG70B, 357 5154, 5454, 6061 5456, 5083, 5086
ASTM® AA®
SG70A 356.0 4043 4043 5356
A356.0 4043 4043 5356
SG70B 357.0 4043 4043 5356
Notes:

1.  ASTM means American Society for Testing and Materials.

AA means Aluminum Association.

2. Welding consumable with same analysis as base metal is sometimes used.

3. 5183, 5356, 5554, 5556 and 5654 may be used. In some cases they may provide higher weld ductility and higher
weld strength. 5554 is suitable for elevated temperature service.

4. 5183, 5356 or 5556 may be used. 4043 may be used for some applications where welding consumable properties
are not of primary concern.
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Table Il 2-5
Minimum Cold-forming Radii for Aluminium Alloys @2 ®)
Alloy and temper 3 mm 5 mm 6 mm 9.5 mm 12 mm
5083-0 It 1t, 2t It, 2t 2t 2t
H113 1t, 1.5t 1t, 2t 1t, 2t 1.5¢, 2t 2t, 3t
H323 1.5t, 3t 1.5¢, 3.5t 2t, 4t
H343 1.5t, 3t 2t, 4t 2.5t, 4.5t - -
5052-0 It It It It, 1.5t It, 2t
H32 1t, 1.5t 1t, 1.5t It, 1.5t It, 2t 1.5t, 2.5t
H34 1.5t, 2.5t 1.5t, 2.5t 2t, 3t 2t, 3t 2.5t, 3.5t
H36 1.5t, 3t 2t, 4t 2t, 4t 2.5t, 5t 3.5t, 5.5t
H38 2t, 4t 3t, 5t 4t, 6t 4t, 7t st, 8t
5086-0 It It It It, 1.5t It, 2t
H32,H116, H117 1t, 2t 1t, 2t 1.5t, 2.5t 2t, 2.5t 2.5t, 3t
H34 1.5t, 2.5t 2t, 3t 2t, 3t 2.5t, 3.5t 3t, 4t
H36 2t, 3.5t 2.5t, 4t 3t, 4.5t 3t, 5t 3.5t, 5.5t
H112 1t, 2t 1t, 2t 1.5¢, 2.5t
5456-0 It 1t, 2t 1t, 2t 2t 2t
HI16,H117 2t, 3t 2t, 3t 2t, 3t 3t, 4t 3t, 4t
H323 1.5t, 3t 1.5t, 3.5t 2t, 4t --- ---
H343 1.5t, 3t 2t, 4t 2.5t, 4.5t - -
Notes:

(1)  Where two radii are shown, the larger radius is applicable when the bend is parallel to the direction of rolling.

(2) These bending radii are applicable to aluminium alloys which are free of visible oxide coating.

(3) The radii shall be the mandrel radii or inside radii.
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Table 11 2-6
Weld Factor C
Aluminium Steel
Floors, Bottom Transverses, and Bottom Longitudinal Girders to Shell
At Bottom forward 3L/8, 0.25 DC 0.25 DC
At Bottom forward L/4, V <25 knots 0.18 DC 0.16 DC
In way of propellers and shaft struts 0.25 DC 0.25 DC
In machinery space 0.20 0.20
Elsewhere 0.16 0.14
Floors, Bottom Transverses and Bottom Longitudinal Girders to Inner Bottom or|
Face Bar
In machinery space 0.25DC 0.25DC
To Inner bottom elsewhere 0.14 0.12
To face plate elsewhere 0.14 0.12
Floors and Bottom Transverse to Bottom Girders 0.30 DC 0.30 DC
Bottom Girders to Bulkheads and Deep Transverses or Floors 0.30 DC 0.30 DC
IEnd Attachments 0.50 DC 0.50 DC
ILongitudinals to Shell (including frames on transversely framed craft)
Bottom and side forward 3L/8, V > 25 knots 0.25 DC 0.25 DC
Bottom and side forward L/4, V <25 knots 0.18 DC 0.16 DC
In way of propellers and shaft struts 0.25 DC 0.25DC
Elsewhere 0.14 0.12
End Attachments 0.50 DC 0.50 DC
Side, Deck, and Bulkhead Girders, Transverses and Stringers
To Shell 3L/8, V >25 knots 0.18 DC 0.16 DC
To Shell Forward L/4, V < 25 knots 0.16 DC 0.14 DC
Insert To Shell Elsewhere 0.16 0.14
To Deck and Bulkheads Clear of Tanks 0.16 0.14
To Deck and Bulkheads In way of Tanks 0.18 0.16
To Face Bar 0.14 0.12
End Attachments 0.50 DC 0.50 DC
Beams, Longitudinals, and Stiffeners
To Deck 0.14 0.12
To Tank Boundaries and House Fronts 0.14 0.12
To Watertight Bulkheads, House Side and Ends 0.14 0.12
End Attachments 0.50 DC 0.50 DC
IEngine Foundations to Plating and Face Bar 0.50 DC 0.50 DC
Bulkheads and Tank Boundaries
Non-tight, Internal 0.16 0.14
Watertight, weathertight, or exposed 0.38 DC 0.38 DC
Tank 0.40 DC 0.40 DC
IDeck Peripheries
Non-tight, Internal 0.25 0.25
Weathertight Strength 0.38 DC 0.38 DC
Deck 0.38 DC 0.38 DC
Rudders
Diaphragms to Side Plating 0.30 0.30
Vertical Diaphragms to Horizontal Diaphragms, clear of Mainpiece 0.50 DC 0.50 DC
Horizontal Diaphragm to Vertical 0.50 DC 0.50 DC
Mainpiece Diaphragm 0.50 DC 0.50 DC
Shaft Brackets to boss and doubler Full Penetration Full Penetration
Notes:
1.  DC means double continuous.
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Table Il 2-7
Type of Test and Extent of Testing
Type of Test Extent of Testing
Visual examination 100%
Radiographic or ultrasonic examination 100%
Penetrant test 100%

Transverse tensile test

2 specimens

Transverse bend test

2 root and 2 face specimens

Macro examination

1 specimen

Notes:

(1) 2 root and 2 face bends can be substituted by 4 sides bends for t > 12 mm.

Table 11 2-8
Tensile Strength
Grade (Alloy designation) Minimum tensile strength (N/mm?)
5754 190
5086 240
5083 275
5383 290
5059 330
5456 290
6005A 170
6061 170
6082 170

Table 11 2-9
Non-destructive Examination and Destructive Tests

Type of Test Extent of Testing
Visual examination 100%
Penetrant test 100%
Macro examination” 2 specimens
Fracture test 1 specimen
Notes:
(1)  One of the macro sections should be taken at the position of the stop/restart (see 2.7.4(b)(i)).

Table 11 2-10
Range of Qualification for Parent Material Thickness

Thickness of the test piece, t (mm) Range of qualifications (mm)
t<3 0.5to 2t
3<t<20 3to2t
t>20 > 0.8t

Table 11 2-11
Range of Qualifications for the Throat Thickness of Fillet Weld

Throat thickness of the test piece, a (mm)

Range of qualifications (mm)

a<10

0.75ato 1.5a

a>10

=75
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Applicability of tolerances:
1. Entire shell plating
2. Uppermost strength deck
3. Longitudinal strength Deck structure which includes inner-bottom tank tops
4, Bulwarks and exterior superstructure bulkheads
Fig. 11 2-3
Permissible Unfairness in Aluminium Welded Structure
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Applicability of tolerance
1. Structural bulkheads forming a boundary of living space (stateroom, office, berthing, messing or lounge
area) and passageways contiguous to such spaces.

2. Decks within the hull and superstructure in way of the above living spaces.
3. Decks exposed to the weather.
4, Tank and main transverse bulkheads.
5. Inner-bottom plate and longitudinals and transverses.
Fig. Il 2-4
Permissible Unfairness in Other Aluminium Welded Structure
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Intermittent Fillet Welds
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Fig. 11 2-6
Test Assembly for Butt Weld
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Location of Test Specimens for a Butt Joint in Plate
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PART III CHAPTER 1
1.1 Definition

Chapter 1

General

1.1  Definition

1.1.1  Application
The following definitions of terms apply throughout the requirements in the Rules.

1.1.2  "Length (L)" is the distance, in meters, on the summer load waterline from the fore side of the stem to the after
side of the rudder post, or to the center of the rudder stock if there is no rudder post. L is not to be less than 96 %, and
need not be greater than 97 %, of the extreme length on the summer load waterline. The summer load waterline is the
designed maximum load line corresponding to the full load condition. In crafts without rudder post and stock, L is to be
taken equal to 97% of the extreme length on the summer load waterline. In crafts with unusual stem or stern
arrangements, L is considered on a case by case basis.

1.1.3  "Freeboard Length (L¢)", in meters, means 96% of the total length on a waterline at 85% of the least molded
depth measured from the top of the keel, or the length from the fore-side of the stem to the axis of the rudder stock on
that waterline, if that be greater. Where the stem contour is concave above the waterline at 85% of the least molded
depth, both the forward terminal of the total length and the fore-side of the stem respectively shall be taken at the vertical
projection to that waterline of the aftermost point of the stem contour (above that waterline). In crafts designed with a
rake of keel the waterline on which this length is measured shall be parallel to the designed waterline.

1.1.4  "Breadth (B)" is the horizontal distance, in meters, measured at the broadest part of the hull to the molded line
of the frame in the craft.

Breadth used in 2.1.1(a)(i) for craft which have flare or tumblehome, is the mean breadth of the waterline breadth and
the maximum breadth between the waterline and main deck at the longitudinal center of flotation (LCF).

1.1.5 "Depth (D)" is the vertical distance, in meters, at the middle of the length, L, from the top of keel to the top of
the uppermost complete deck beam at side. On craft with rabbeted keel construction, D is to be measured from the rabbet
line. In cases where watertight bulkheads extend to a deck above the freeboard deck and are to be recorded in the Register
as effective to that deck, D is to be measured to the bulkhead deck.

1.1.6  "Draft for Scantling (d)" is the draft, in meters, measured at the middle of the length L from the molded keel or
the rabbet line at its lowest point to the estimated summer load waterline or the design load waterline in the displacement
mode.

1.1.7  "Freeboard deck" is normally the uppermost complete deck exposed to weather and sea, which has permanent
means of closing all openings in the weather part thereof, and below which all openings in the sides of the craft are fitted
with permanent means of watertight closing.

Where the designed load draught is less than derived from the provision of the International Convention on Load Lines,
1966 assuming the existing deck below the freeboard deck as the freeboard deck, the existing lower deck may be
designated as the freeboard deck in the application of the Rules, provided it is to be continuous in a fore and aft direction
at least between the machinery space and peak bulkheads and continuous athwartships. Where this lower deck is stepped,
the lowest line of the deck and the continuation of that line parallel to the upper part of the deck is taken as the freeboard
deck.

1.1.8  "Bulkhead deck" is the highest deck to which watertight transverse bulkheads except both peak bulkheads
extend and are made effective.
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1.1.9  "Strength deck" is the deck which forms the top of the effective hull girder at any part of its length.

1.1.10 "Superstructure deck" is a deck above the freeboard deck to which the side shell plating extends or of which
the sides are fitted inboard of the hull side not more than 4% of the breadth, B. Except where otherwise specified, the
term superstructure deck where used in the Rules refers to the first such deck above the freeboard deck.

1.1.11 “Superstructure" is an enclosed structure above the freeboard deck having side plating as an extension of the
shell plating, or not fitted inboard of the hull side more than 4% of the breadth B.

1.1.12 "Deckhouse" is an enclosed structure above the freeboard deck, having side plating set inboard of the hull side-
shell plating more than 4% of the breadth B.

1.1.13 "Displacement A", is the mass displacement of the craft in the design condition in metric tons, unless otherwise
specifically noted.

1.1.14 "Block Coefficient (Cy)" is the coefficient given by dividing the volume of moulded displacement by LBd as
definded above.

1.1.15 "Gross tonnage" is the measurement of the internal volume of spaces within the craft as defined by the
International Convention on Tonnage Measurement of Ships, 1969.

1.1.16 "Deadweight (DWT)", in metric tons, for the purpose of the Rules, is the difference, between the displacement
of the craft at its summer load line or the craft with all tanks filled, maximum cargo loaded, maximum stores, and
personnel or passengers and their effects on board, in water having a specific gravity of 1.025, and the unloaded weight
of the craft. For the purpose of the Rules, the unloaded weight is the displacement of the craft, in metric tons, with no
cargo, fuel, lubricating oil, ballast water, fresh water nor feed water in tanks, no consumable stores, and no personnel or
passengers nor their effects.

1.1.17 “Significant wave height" is the average height of the one-third highest observed wave heights over a given
period.

1.1.18 "Speed" is the designed speed, in knots at the maximum continuous rating of the propelling machinery when
the craft with clean bottom runs ahead on calm sea at the designed summer load draught. Operational speed is 90% of
design speed.

1.1.19 *"Rabbet Line (Fiber Reinforced Plastic)" is the line intersection between the outside of a craft’s bottom and a
craft’s keel. Where there is no keel, the rabbet line is the bottom of the craft.

1.1.20 "Administration" is the government of the state whose flag the craft is entitled to fly.

1.1.21 "Passenger Craft" is a craft which carries more than 12 passengers.

1.1.22 *"Cargo Craft" is any craft other than a passenger craft, which is capable of maintaining the main functions and
safety systems of unaffected spaces, after damage in any one compartment on board.

1.1.23 “Passenger" is every person other than the master and members of the crew or other persons employed or
engaged in any capacity on board a craft on the business of that craft, and a child under one year of age.

1.1.24 “Place of Refuge" is any naturally or artificially sheltered area which may be used as shelter by a craft under
conditions likely to endanger its safety.
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1.1.25 *"Crewboat" is a craft specifically fitted for the transferring/transporting of industrial personnel in the offshore
industry between a shore base facility and the offshore installations and vise versa. Crewboats may also carry cargo.

1.1.26 "Industrial Personnel" is any person carried onboard a Crewboat for the sole purpose of carrying out the
business or functions of the offshore installations.

1.1.27 Fiber-Reinforced Plastic (FRP)
FRP consists of two basic components: a glass-filament or other material fiber reinforcement and a plastic, or resin, in
which the reinforcing material is imbedded.

(a) Reinforcement

Reinforcement is a strong, inert material bonded into the plastic to improve its strength, stiffness and impact
resistance. Reinforcements are usually fibers of glass (a lime-alumina-silicate composition having a low
alkali content) or other approved material such as aramid or carbon fiber, in a woven or non-woven form,
with a strong adhesive bond to the resin.

(i) Strand
A bundle of continuous filaments combined in a single, compact unit.
(i) Roving
A band or ribbon of parallel strands grouped together.
(iii)  Yarn
A twisted strand or strands suitable for weaving into a fabric.
(iv)  Binder

The agent applied in small quantities to bond the fibers in mat form.
(V) Coupling Agent

An active water soluble chemical that allows resin to adhere to glass.
(vi)  Chopped-strand Mat

A blanket of randomly oriented chopped-glass strands held together with binder.
(vii)  Woven Roving

A coarse fabric woven from rovings.

(viii) Cloth
A fabric woven from yarn.
(ix)  Peel-Ply

An “E” glass fabric that does not have any coupling agent applied, used as a protective covering on a
laminate being prepared for a secondary bond to keep foreign particles from adhering to the surface.

x) Uni-directional

A woven or non-woven reinforcement with substantially more fibers in one principal axis of the
reinforcing ply.

(xi)  Double Biased

A woven or non-woven reinforcement with fibers primarily at +45° to the principal axes of the
reinforcing ply.

(xii)  Knitted or Stitched Fabrics
Two or more layers of unidirectional fabrics that are stitched together.
(xiii) Bi-axial Fabric
A stitched or knitted reinforcement with fibers primarily in the two principal axes of the reinforcing ply.
(xiv) Tri-Axial Fabric
A stitched or knitted reinforcement with fibers running in one principal axis of the ply and in addition,
with fibers running at + and -45° to the warp.

(xv)  Ply Principal Axes
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(b)

The two principal axes of a reinforcing ply are the axis that is parallel to the warp and the axis that is
parallel to the fill.

(xvi) Warp
The roving or yarn running lengthwise in woven fabric (in the "roll direction™)
(xvii) Fill, Weft or Woof
The roving or yarn running at right angles to the warp in a woven fabric.
(xviii) "E" glass
A family of glass reinforcement material of aluminoborosilicate composition and having high electrical
resistivity.
(xix) "S" glass
A family of glass reinforcement material of magnesium aluminosilicate composition that contains a
higher silicon content and provides higher strength and stiffness properties than “E” glass.
(xx)  Kevlar
An aramid fiber reinforcement.
(xxi) Carbon Fiber
A reinforcement material made of mostly carbon produced by the pyrolysis of organic precursor fibers
in an inert environment.
Resin
Resin is a highly reactive synthetic that in its initial stage is a liquid, but upon activation is transformed
into a solid.
(i) Accelerator
A material that, when mixed with a catalyst or resin, speeds the cure time.
(i)  Additive
A substance added to another substance, usually to improve properties, such as plasticizers, initiators,
light stabilizers and flame retardants.
(iii)  Catalyst or Initiator
A material that is used to activate resin, causing it to harden.
(iv)  Crazing
Hairline cracks, either within or on the surface of resin, caused by mechanical or thermal stresses.
(V) Cure
To change resin from a liquid to a solid.
(vi)  Cure Time
The time required for resin to change from a liquid to a solid after a catalyst has been added.
(vii)  Exothermic Heat
The heat given off as the result of the action of a catalyst on resin.
(viii) Filler
A material added to resin to modify its working properties or other qualities, or to lower densities.
(ix) Gel
A partially cured resin in a semi-solid state similar to gelatin in consistency.
x) Gel Time
The time required to change a flowable, liquid resin into a nonflowing gel.
(xi)  Inhibitor
A material that retards activation or initiation of resin, thus extending shelf life or influencing
exothermic heat or gel time.
(xii)  Polymerization
The reaction that takes place when resin is activated or initiated.
(xiii) Pot Life
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The length of time that a catalyzed resin remains workable.
(xiv)  Shelf Life

The length of time that an uncatalyzed resin maintains its working properties while stored in a tightly
sealed, opaque container.

(xv) Tack
The degree of stickiness of the resin.
(xvi) Thixotropy

The property or phenomenon, exhibited by some resins, of becoming jelly-like at rest but becoming fluid
again when stirred or agitated. This facilitates the application of the resin to inclined or vertical surfaces.

(xvii) Polyester Resin

A thermosetting resin that is formed by combining saturated and unsaturated organic acids. Such as
orthophthalic and isophthalic acids.

(xviii) Vinylester Resin

A thermosetting resin that consists of a polymer chain and an acrylate or methacrylate termination.
(xix) Epoxy Resin

A resin that contains one or more of the epoxide groups.

(c) Laminate

A laminate is a material composed of successive bonded layers, or plies, of resin and fiber or other reinforcing
substances.

(i) Bi-directional Laminate

A laminate having essentially the same strength and elastic properties in the two in plane principal axes.
Bi-directional laminates may be constructed of bi-axial, double bias, tri-axial, mat or unidirectional
reinforcing layers, or a combination of any of these.

(i) Uni-directional Laminate

A laminate with substantially more of the fibers in the plane of the laminate oriented in one of the two
principal axis of the laminate plane so that the mechanical properties along that axis are appreciably
higher than along the other natural axis.

(iii)  Sandwich Laminate

A laminate consisting of two fiber reinforced plastic skins attached to a non-structural or structural core
(see 1.1.27(d) of this Chapter"Encapsulation™).

(iv)  Barcol Hardness

A measurement of the hardness of a laminate and thereby the degree of completion of the cure.
(V) Delamination

The separation of the layers of material in a laminate.

(vi)  Gel Coat
The first resin applied to mold when fabricating a laminate to provide a smooth protective surface for
the laminate.

(vii) Layup

The process of applying to a mold the layers of resin and reinforcing materials that make up a laminate.

These materials are then compressed or densified with a roller or squeegee to eliminate entrapped air

and to spread resin evenly. Also a description of the component materials and geometry of a laminate.
(viii) Verified Minimum Mechanical Property

The mechanical properties of laminates differing from the basic, verified by the appropriate test(s) listed
below.
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(d)

(ix)

)

(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

Density Minimum Shear Strength
Material Kg/m? N/mm?
Balsa, end-grain 104 1.6W
Balsa, end-grain 144 250
PVC, crosslinked 180 0.9
PVC, crosslinked 100 1.4
PVC, linear® 80-96 1.2

Notes:
(1) These values are for Ecuadorian balsa.

(2) Caution is to be taken when linear PVC cores are used in areas that are susceptible to high
temperatures because of their low heat distortion temperature.

Laminate Principal Axes

The two principal axes of a square or rectangular plate panel are for the application of the Rules those
perpendicular and parallel to the plate panel edges.

Vacuum Bagging
A method used to apply a uniform pressure over an area by applying a vacuum to that area.
Resin Impregnation

A process of construction for large layers of fabric that consists of running a roll of fabric through a
resin bath to completely saturate the fabric.

Resin Transfer Molding

A closed mold method that mechanically pumps resin through dry fabric previously placed in the mold.
Resin Infusion

A method of FRP construction that uses a vacuum to pull catalyzed resin through dry fabric.

Primary Bond

The bond that is formed between two laminated surfaces when the resin on both surfaces has not yet
cured.

Secondary Bond

The bond that is formed between two laminated surfaces when the resin on one of the two surfaces has
cured.

Post Cure

The act of placing a laminate in an autoclave and raising the temperature to assist in the cure cycle of
the resin.

Autoclave
A large oven used in post curing large laminated parts.

Encapsulation

The containment of a core material, such as softwoods, balsa, PVC (cross linked) or linear polymer, within
FRP laminates. The cores may be structurally effective or ineffective.

(i)

(i)

Bedding Putty

Material used to adhere the core material to the FRP skins.

Scores

Slits cut into the core material to aid in forming the core to complex shapes.

1.2  General Requirements
1.2.1  Materials
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The Rules are intended for welded craft constructed of steel, complying with the applicable requirements of Parts XI
and XII of the Rules for Steel Ships; and fiber reinforced plastic (FRP) craft, and welded craft constructed of aluminum,
complying with Part Il Chapters 1 and 2 of the Rules; respectively. For Crafts, the use of materials other than those
specified in Part Il of the Rules and Part XI of the Rules for Steel Ships, and the corresponding scantlings will be

specially considered.

(a) Selection of Material Grade

For craft 61 m and over in length, steel materials are not to be lower grades than those required by Table Il

1-1 for the material class given in Table 111 1-2 for the particular location.

Table 111 1-1
Material Grades
Plate Thickness Material Class
(t) mm
I II 111
t<15 A, AH A, AH A, AH
15<t<20 A, AH A, AH B, AH
20<t<25 A, AH B, AH D, DH
25<t<30 A, AH D, DH D, DH
30<t<35 B, AH D, DH E, EH
35<t<40 B, AH D, DH E, EH
40 <t<100 D, DH E, EH E, EH
Table 111 1-2

Material Class of Structural Members

Material Class or Grade

Structural Members Within 0.4L Outside 0.4L
Amidships Amidships

Shell
Bottom plating including keel plate II A/AH
Bilge strake I A/AH
Side Plating I A/AH
Sheer Strake at strength deck" 11 A/AH
Decks
Strength deck plating? 11 A/AH
Stringer plate in strength deck! 11 A/AH
Strength deck strake on tankers at longitudinal bulkhead 11 A/AH
Strength deck plating within line of hatches and exposed to weather, in general I A/AH
Longitudinal Bulkheads
Lowest strake in single bottom craft I A/AH
Uppermost strake including that of the top wing tank 11 A/AH
Other Structures in General
External continuous longitudinal members and bilge keels II A/AH
Plating materials for stern frames supporting rudder and propeller boss, rudders, i I
rudder horns, steering equipment®, propeller nozzles, and shaft brackets
Strength members not referred to in above categories and above local structures A/AH A/AH

Notes:

(1) Aradius gunwale plate may be considered to meet the requirements for both the stringer plate and the sheer strake,

provided it extends suitable distances inboard and vertically.
(2) Plating at the corners of large hatch openings are to be specially considered.

(3) Steering equipment components other than rudders, as described in 2.8 of this Part.
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(b) Note for the Users

(©

The attention of users is drawn to the fact that when fatigue loading is present, the effective strength of
higher- strength steel in a welded construction may not be greater than that of ordinary-strength steel.
Precautions against corrosion fatigue to higher strength steel and aluminum alloy materials may also be
necessary.

Ships Exposed to Low Air Temperatures

For crafts intended to operate in areas with low air temperatures (below —10°C ), the materials in exposed
structures to be selected based on the design temperature tp, are to be taken as defined in 1.2.1(d) of this
Chapter.

Materials in the various strength members above the lowest ballast water line (BWL) exposed to air
(including the structural members covered by the Note (5) of Table 11l 1-4 of this Chapter) and materials of
cargo tank boundary plating for which 1.2.1(e) of this Chapter is applicable are not to be of lower grades
than those corresponding to Classes I, Il and 111, as given in Table Ill 1-4 of this Chapter, depending on the
categories of structural members (secondary, primary and special). For non-exposed structures (except as
indicated in Note 5 of Table 11l 1-4 of this Chapter) and structures below the lowest ballast water line, see
1.2.1(a) of this Chapter.

Table 111 1-3

Application of Material Classes and Grades — Structures Exposed at Low Temperatures

Material Class
Within 0.4L Amidships Outside 0.4L Amidships

Structural Member Category

Secondary

Deck plating exposed to weather, in general

Side plating above BWL

Transverse bulkheads above BWL®

Cargo tank boundary plating exposed to cold
cargo ©

Primary

Strength deck plating'”

Continuous longitudinal members above strength
deck, excluding longitudinal hatch coamings

II I

Longitudinal bulkhead above BWL®

Top wing tank bulkhead above BWL®

Special

Sheer strake at strength deck®

Stringer plate in strength deck® I 11

Deck strake at longitudinal bulkhead®

Continuous longitudinal hatch coamings®

Notes:

(1)

()
3)
(4)
(5)

(6)

Plating at corners of large hatch openings to be specially considered. Class 11l or Grade E/EH to be applied in
positions where high local stresses may occur.

Not to be less than Grade E/EH within 0.4L amidships in craft with length exceeding 250 meters.
In craft with breadth exceeding 70 meters at least 3 deck strakes to be Class IlI.
Not to be less than Grade D/DH.

Applicable to plating attached to hull envelope plating exposed to low air temperature. At least 1 strake is to

be considered in the same way as exposed plating and the strake width is to be at least 600 mm.

For cargo tank boundary plating exposed to cold cargo for ships other than liquefied gas carriers, see 1.2.1(e)
of this Chapter.

The material grade requirements for hull members of each class depending on thickness and design temperature are
defined in Table 111 1-4 of this Chapter. For design temperatures tp < —-55°C, materials are to be specially considered.
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Table 111 1-4
Material Grade Requirements for Classes I, Il and 111 at Low Temperatures
Class I
Plate thickness -11/-15<x -16 /-25 C -26 /-35C -36 /-45 C -46 / -55 C
in mm MS HT MS HT MS HT MS HT MS HT
t<10 A AH A AH B AH D DH D DH
10<t<15 A AH B AH D DH D DH D DH
15<t<20 A AH B AH D DH D DH E EH
20<t<25 B AH D DH D DH D DH E EH
25 <t<30 B AH D DH D DH E EH E EH
30<t<35 D DH D DH D DH E EH E EH
35<t<45 D DH D DH E EH E EH o FH
45 <t<50 D DH E EH E EH o FH o FH
@ = Not applicable
Class 11
Plate thickness -11/-15< -16 /-25C -26/-35<C -36/-45<C -46 / -55
inmm MS HT MS HT MS HT MS HT MS HT
t<10 A AH B AH D DH D DH E EH
10 <t<20 B AH D DH D DH E EH E EH
20<t<30 D DH D DH E EH E EH @ FH
30 <t<40 D DH E EH E EH @ FH @ FH
40 <t<45 E EH E EH o FH @ FH @
45 <t<50 E EH E EH @ FH o FH o
2 = Not applicable
Class 111
Plate thickness -11/-15< -16/-25<C -26/-35<C -36/-45<C -46 / -55 C
inmm MS HT MS HT MS HT MS HT MS HT
t<10 B AH D DH D DH E EH E EH
10 <t<20 D DH D DH E EH E EH @ FH
20<t<25 D DH E EH E EH E FH o FH
25 <t<30 D DH E EH E EH o FH o FH
30<t<35 E EH E EH @ FH o FH o o
35<t<40 E EH E EH @ FH o FH o 2
40 <t< 50 E EH 2 FH 2 FH @ o @ o

2 = Not applicable

Single strakes required to be of Class Il or of Grade E/EH or FH are to have breadths not less than 800 + 5L
mm, maximum 1800 mm.

Plating materials for sternframes, rudder horns, rudders and shaft brackets are not to be of lower grades than
those corresponding to the material classes given in 1.2.1(a) of this Chapter

(d) Design Temperature tp

The design temperature tp is to be taken as the lowest mean daily average air temperature in the area of

operation.
(i) Mean

Statistical mean over observation period
(ii) Average

Average during one day and night

(iii)  Lowest

Lowest during year
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For seasonally restricted service, the lowest value within the period of operation applies.

For the purpose of issuing a Polar Ship Certificate in accordance with the Polar Code, the design temperature
tp shall be no more than 13°C higher than the Polar Service Temperature (PST) of the craft.

In the Polar Regions, the statistical mean over observation period is to be determined for a period of at least
10 years.
Fig. 111 1-1 illustrates the temperature definition.
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Month
Fig. 11 1-1

Commonly Used Definitions of Temperatures

MDHT = Mean Daily High (or maximum) Temperature
MDAT = Mean Daily Average Temperature
MDLT = Mean Daily Low (or minimum) Temperature

(e) Cold cargo for ships other than liquefied gas carriers

1.2.2

For ships other than liquefied gas carriers, intended to be loaded with liquid cargo having a temperature
below -10°C, e.g. loading from cold onshore storage tanks during winter conditions, the material grade of
cargo tank boundary plating is defined in Table 111 1-4 of this Chapter based on the following:

- tc design minimum cargo temperature in °C
- steel grade corresponding to Class | as given in Table 111 1-3 of this Chapter
The design minimum cargo temperature, t; is to be specified in the loading manual.

Workmanship

All workmanship is to be of commercial marine quality and acceptable to the Surveyor. Welding is to be in accordance
with the requirements of Part Il of the Rules and Part XII of the Rules for Steel Ships.

123

Design

(a) Continuity

- 10 -

Care is to be taken to provide structural continuity. Changes in scantlings are to be gradual, such that the
maximum angle from horizontal is 45°, see Fig. 111 1-2 below. Strength members are not to change direction
abruptly, such that the maximum change in direction is 45°, see Fig. 111 1-3 below. Where primary structural
members terminate at another structural member, tapering of the primary member or tapering brackets may
be required beyond the other structural member, as indicated in Fig. 111 1-4 below, and as required in 2.5.1.
Stanchions and bulkheads are to be aligned to provide support and to minimize eccentric loading. Major
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appendages outside the hull and strength bulkheads in superstructures are to be aligned with major structural

members within the hull.
ASO

Fig. 111 1-2

L

Fig. 111 1-3

iy -
ERyN

Ny J

L/
w@
Fig. 111 1-4

(b) Openings
The structural arrangements and details are to be in accordance with 2.6 of this Part. In general, major
openings such as doors, hatches, and large vent ducts are to be avoided in the hull in close proximity to the
gunwale. Corners of openings in strength structures are to have generous radii. Compensation may be
required for openings.

(c) Brackets
(i) Steel Brackets
Where brackets are fitted having thicknesses as required by Table 111 1-5 of this Chapter and faces at
approximately 45 degrees with the bulkhead deck or shell, and the bracket is supported by a bulkhead,
deck or shell structural member, the length of each member, I, may be measured at a point 25% of the
extent of the bracket beyond the toe of the bracket as shown in Fig. 111 1-5 below. The minimum overlap
of the bracket arm along the stiffener is not to be less than obtained from the following equation:

x = 1.4y+30 mm
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where
x =
y =

length of overlap along stiffener

depth of stiffener

mm
mm

Where a bracket laps a member, the amount of overlap generally is to be 25.5 mm.
(i) Aluminum Brackets

Aluminum brackets are to comply with above 1.2.3(c)(i), except that the thicknesses shall be in
accordance with Table Il 1-6 insteads of 111 1-5 below.

0.25(e + x)

/

Fig. 111 1-5
Bracket

Table 111 1-5
Brackets (Steel)

4—\{'\—

Length of face, f, mm Plain Thickness, mm Flanged Width of Flange, mm
<305 5.0 — —
305 <f<455 6.5 5.0 40
455 <f<660 8.0 6.5 50
660 <f<915 11.0 8.0 65
915 <f<1370 14.0 9.5 75

Table 111 1-6

Brackets (Aluminum)

Length of face, f, mm Plain Thickness, mm Flanged Width of Flange, mm
<305 7.0 — —
305 <f<455 9.5 7.0 40
455 <f<660 11.5 9.5 50
660 <f<915 16.0 11.5 65
915 <f<1370 20.0 13.5 75

(d) Structural Design Details
The designer is to give consideration to the following:

(i) The thickness of internals in locations susceptible to rapid corrosion.

(i) The proportions of built-up members to comply with established standards for buckling strength.

12 -
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(iii)  The design of structural details such as noted below, against the harmful effects of stress concentrations and
notches:

(1) Details of the ends, the intersections of members and associated brackets.
(2) Shape and location of air, drainage or lightening holes.
(3) Shape and reinforcement of slots or cutouts for internals.

(4) Elimination or closing of weld scallops in way of butts, "softening” of bracket toes, reducing
abrupt changes of section or structural discontinuities.

(iv)  Proportions and thickness of structural members to reduce fatigue response due to engine, propeller
or wave-induced cyclic stresses, particularly for higher-strength steels.

Standard construction details based on the above considerations are to be indicated on the plans or in a
booklet submitted for review and comment.

(e) Termination of Structural Members

Unless permitted elsewhere in the Rules, structural members are to be effectively connected to the adjacent
structures in such a manner to avoid hard spots, notches and other harmful stress concentrations. Where
members are lightly loaded and not required to be attached at their ends, special attention is to be given to
the end taper, by using soft-toed concave brackets or by a sniped end of not more than 30°. Bracket toes or
sniped ends are to be kept within 25 mm of the adjacent member and the depth at the toe or snipe end is
generally not to exceed 15 mm. Where a strength deck or shell longitudinal terminates without end
attachment, it is to extend into the adjacent transversely framed structure or stop at a local transverse member
fitted at about one transverse frame space beyond the last floor or web that supports the longitudinal.

1.2.4  Effective Width of Plating

The section modulus and moment of inertia of stiffening members are provided by the member and a portion of the
plating to which it is attached. The effective width is as given in the following paragraphs. The section modulus and
moment of inertia of a shape, bar, fabricated section, or laid-up member not attached to plating is that of the member
only.

(a) FRP Laminates
Where the plating is an FRP single-skin laminate, the maximum effective width of plating for floors, frames,
beams and bulkhead stiffeners is not to exceed either the stiffening member spacing or the width obtained
from the following equation, whichever is less. See Fig. 111 1-6 below.

w=18t+b

where:

w = effective width of plating mm
t = thickness of single skin plating mm
b = net width of stiffening member, but not more than 18t mm

Where the plating is an FRP sandwich laminate with a flexurally and compressively ineffective (balsa, cross
linked PVC, or linear polymer core, t in the above equation is the thickness of a single skin laminate having
the same moment of inertia per unit width as the two skins of the sandwich about the neutral axis of the
sandwich, excluding the core.

For a stiffening member along an opening, the maximum effective width of plating is equal to either one-
half the stiffening member spacing or the width obtained from the following equation, whichever is less.

w=9t+Db

where w, t and b are as defined above.
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e .

w=18t+bh

Fig. 111 1-6
Effective Width of FRP Plating

(b) Steel and Aluminum Plating

(i)

(i)

Primary structural Members

The effective width of plating for deep supporting members is equal to the lesser of either one half the
sum of spacing on each side of the member, 0.33 time the unsupported span, I, or 750 mm. For girders
and webs along hatch openings, the effective width of plating is to be half of that obtained from the
above. Due account is to be taken in regards to plate buckling, see 2.3.1(a) of this Part.

All Other Structural Members

The maximum effective width of plating is equal to either one-half the sum of spacing on each side of
the member or the width obtained from the following equation, whichever is less.

Steel Members w = 80t

Aluminum Members w = 60t

where:
w = effective width of plating mm
t = thickness of plating mm

For a stiffening member along an opening, the maximum effective width of plating is one-half of the
effective width given above.

1.3

Direct Analysis Methods

131

1.3.2

(@)

- 14 -

General

This Section states requirements for a variety of direct analysis methods that can be used in lieu of or in conjunction
with the specific requirements given in 2.1, 2.2, 2.3 and 2.4 of this Part.

Loading Conditions

General

The loading conditions considered are to include all intended operational conditions of the craft as specified
by the Designer. These operating conditions are to be defined by significant wave height, wave period, and
maximum operating speed. Table 11l 1-7 below is to be used when the significant wave height is given in
terms of Sea States. When the wave period is not given, the most probable modal period is to be used in the
analysis.

CR CLASSIFICATION SOCIETY
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART III CHAPTER 1
1.3 Direct Analysis Methods

Table 111 1-7
Sea States

Sea State Significant Wave Height m
0-1 0.10
2 0.50
1.25

X0 (N[N | |~ |W
O [N~

(b) Environmental and Service Conditions
(i) General

The environmental condition is anticipated to be described by appropriate sets of wave data. The sources
and reliability of this data are to be submitted. The wave parameters used in the analysis are to be
selected and documented based on the conditions given in the craft specification. If these parameters
are to be used in conjunction with the requirements in 1.3.2(c), 1.3.3(b), 1.3.4(a)(ii), 1.3.4(b), 1.3.5(a),
1.3.5(b)(iii) and 1.3.6(b) of this Chapter, then they are to be compatible with the stochastic response and
extreme value prediction methods.

(i)  Types of Wave Spectra

(1) Deep-water Ocean Waves
Two-parameter spectra, such as the Bretschneider or P-M wave spectral formulations, are to be
used. If the swell and wave components are known to interact, a bi-modal Ochi-Hubble spectrum
is to be used. Directional spreading appropriate to coastal conditions is also to be applied.

(2) Shallow-Water Waves
Wave conditions that include the effects of bathymetry, wind field, coastal contours of the region
are to be used. For fetch-limited sea conditions, JONSWAP spectrum or a modified version of
the spectrum is to be used.

(c) Loading Conditions for Direct Analysis
0] Dominant Load Parameters

A list of Dominant Load Parameters (DLP) is to be developed. This will include select motion and load
effect parameters. Other loads, such as those due to wave impacts on the bow and stern, flare and bottom
slamming, wet-deck slamming (multi-hulls) and vibration effects on local structural strength, have to
be treated separately. Considerations for slamming analysis are given in 1.3.2(c)(vii) of this Chapter.

(i) Load Cases

Load cases are defined by a combination of craft loading conditions, a set of global motion and load
effect parameters set forth in terms of each of the DLPs, other load components accompanying the DLPs
and an equivalent wave system for the specified DLP. Justification for load cases selected for use in the
structural analysis is to be submitted to the Society for review.

(iii)  Analyses of Ship Motions, Wave Loads, and Extreme Values

Calculations are to be made using the spectral analysis-based approach, which by definition relies on
the use of Response Amplitude Operators (RAQOs). Each RAO is to be calculated for regular waves of
unit amplitude for a range of wave frequencies and wave headings that will be given below.

(iv)  Essential Features of Spectral Analysis of Motions and Loads

(1) General Modeling Considerations
The model of the hull is to include the masses of all equipment, vehicles and supporting structure.
There is also to be sufficient compatibility between the hydrodynamic and structural models so
that the application of fluid pressures onto the finite element mesh of the structural model can
be done appropriately.
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(V)

(vi)

(vii)

For the load component types and structural responses of primary interest, software formulations
derived from linear idealizations are deemed to be sufficient. The capabilities and limitations of
the software are to be known, and in cases where the software is not known to the Society, it
may be necessary to demonstrate the adequacy of the software.

(2) Diffraction-Radiation Methods
Computations of the wave-induced motions and loads are to be carried out through the
application of seakeeping analysis codes utilizing three-dimensional potential flow based
diffraction-radiation theory. Computation of the hydrodynamic pressures is to take account of,
as a minimum, all six degree-of-freedom rigid-body motions of the hull. These codes may be
based either on linear (small) wave and motion amplitude assumptions or nonlinear (large)
amplitude motion and wave formulations.

(3) Panel Model Development
The Rankine source panel method is recommended for solving the hydrodynamic boundary value
problem.

(4) Motion and Load-Effect Response Amplitude Operators
For each loading condition, RAOs of all the selected DLPs are to be calculated. The RAOs are
to represent the pertinent range of wave headings (j), in increments not exceeding 15 degrees.
A range of wave frequencies is to be considered based on the route-specific wave conditions (see
1.3.2(b) of this Chapter). The nominal range is 0.2 rad/s to 1.8 rad/s in increments of 0.05 rad/s.

The worst frequency-heading (o, B) combination is to be determined from an examination of the RAOs
for each DLP. Only the heading Bmax and the wave frequency we at which the RAO of the DLP is a
maximum, need to be used in dynamic load approach or direct analysis.

Extreme Values Analysis

Extreme value analysis is to be performed for each DLP to determine the maximum values. An extreme
value method that follows the so-called long-term approach is to be used. The use of a validated short-
term extreme value approach, which is appropriate to the craft type and route-specific environmental
data, will also be considered. The supplementary use of such a short-term approach to confirm or test
the sensitivity of the long-term based design values is recommended.

The relevant value to be obtained from the long-term response analysis is the most probable extreme
value (MPEV) having a probability of level of 108 in terms of wave encounters.

Equivalent Wave

For each load case, an equivalent wave is to be determined which simulates the magnitude and location
of the extreme value of the dominant load component of the load case.

The amplitude of the equivalent wave is to be determined using the extreme values of the DLP (see
1.3.2(c)(iv) of this Chapter) and the RAO of that DLP occurring at the wave frequency and wave heading
corresponding to the maximum amplitude (peak) of the RAQO. The amplitude of the equivalent wave is
given by:

ayj = MPEV; /Max RAO;

where
ayj = wave amplitude
MPEV; = Most Probable Extreme Value of the j" DLP at a probability level equivalent to
the design criterion
Max RAO; = maximum amplitude of the j" DLP’s RAO

Slamming Loads

Loads due to slamming and wave impact on craft hulls are categorized into global slamming effects and
local slam-induced structural response.

(1) Global Slamming Effects
The simplified formulae given in 2.1 of this Part may be used to account for global slamming
effects in the preliminary design stage. For detailed analysis, a direct time-domain simulation
involving short-term predictions are to be used for the global strength assessment of monohulls.
In most cases involving high speeds, the absolute motions or relative motions will be of such
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large amplitude that nonlinear calculations will be required. In catamarans, wet deck slam-
induced global whipping effects of the hull is to be assessed using methods that account for
coupling of the symmetric and anti-symmetric modes of responses. These calculations will
require time-domain analysis methods.

(2) Local Impact Loads
Panel structures with haorizontal flat or nearly flat surfaces such as a wet deck of a multi-hull
craft will need to be hydroelastically modeled, where in the dynamics of the fluid and the elastic
response of the plate and stiffeners are simultaneously modeled.

1.3.3  Motion Predictions

(a) Model Testing

Craft hull motions and accelerations obtained from scale model tests may be used to validate motions
predicted by computer programs. Model testing is required to be performed and reported to the Society when
loads are being submitted in lieu of the loads determined in 2.2 of this Part or other loads determined by the
Society. The model is to accurately represent the structure that is to be built in both principal particulars and
hull geometry.
0] Testing Program
The model is to be tested over a range of speeds, headings, and wave characteristics (height, length, and
period), as indicated by the Society. When this is not specified, the testing program is to include the
following:
(1) Speeds
The model is to be tested at the minimum speed required by this Soceity and the maximum
achievable speed of the craft for a particular wave profile and heading.
(2) Headings
The model is to be tested in head, beam, quartering, and following seas.
(3) Wave Parameters
The model is to be tested in both deep water and shallow water wave conditions. These are
defined in 1.3.2(b)(ii) of this Chapter. For craft that are limited to operation in coastal regions
(Coastal Craft and Riverine Craft), deep water wave profile testing is not required.
(i) Model Measurements and Reporting
The parameters listed below are to be measured and reported based on the model test program. Some of
the parameters listed may be derived through statistical analysis of measured data obtained from testing.
When statistical analysis is used, the methods of analysis employed are to be indicated in the report.
(1) Vertical or Heave Acceleration
The significant, 1/10 highest, or 1/100 highest vertical acceleration at the longitudinal center of
gravity, bow, and stern are to be reported. The accelerometer is to be adjusted such that the
acceleration due to gravity is not measured. The 1/100 highest vertical acceleration at the
longitudinal center of gravity may be used in place of n¢g in 2.2.1 and 2.2.2 of this Part.
(2) Roll Acceleration
The significant roll acceleration about a longitudinal axis through the center of gravity and the
maximum roll angle are to be reported.
(3) Pitch Angle and Acceleration
The significant coupled pitch-and-heave acceleration at the bow and the stern and the maximum
pitch angle are to be reported.

(b) Accelerations from Direct Analysis
(i) General

The wave-induced craft motions may be determined by direct analysis. When this analysis is not
performed by the Society, it is to be verified by model testing as indicated in 1.3.3(a) of this Chapter.

(i) Global Accelerations
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Global accelerations are to be determined using the loading conditions indicated in 1.3.2(c) of this
Chapter. The 1/100 highest vertical (heave) acceleration at the longitudinal center of gravity may be
used in place of neg in 2.1 and 2.2 of this Part.

Local Accelerations

Local accelerations at points where the lightship weight of the structure, (non-liquid cargo), are located,
including deck-mounted equipment, are to be calculated to determine the inertia loads. For vehicle decks,
wheel loading is to be applied. An evenly distributed load equivalent to the weight of the vehicles may
be used. The acceleration RAO at a location of interest is to be calculated to account for all translational
and rotational components of motions.

The components of the gravitational acceleration in the craft’s coordinate system are to be included.

Load Predictions

Global Loads

As a minimum, the still-water hogging and sagging moments and shear forces, the wave-induced hogging
and sagging moments and shear forces and the slam-induced moments and shear force, are to be determined
for monohull craft. Multi-hulled craft are to have the transverse bending moment, the torsional (or pitch
connecting) moment and the transverse shear force determined in addition to the moments and shear forces
determined for monohull craft. These loads are to be reported so that they can be used in conjunction with
the requirements in 1.3.5 of this Chapter or 2.1 of this Part.

(i)

(i)

Computation of Global Load Effects

(1) Still-water Bending Moment and Shear Force

The still-water bending moments and shear forces are to be calculated in the light load, half load,
and full load conditions. The light load condition consists of all components of the craft
(structure, machinery, piping equipment, outfitting, wiring, interiors, paint, etc.) plus 10% of
tank and cargo capacity. The half load condition is to include all components of the craft plus
50% of the tank and cargo capacity. The full load condition consists of all components of the
craft plus 100% of the tank and cargo capacity. The distribution of the load is to capture all major
weight discontinuities, and no single weight distribution segment is to be greater than 0.20L.

(2) Wave-Induced Longitudinal Bending Moment and Shear Force
The wave-induced bending moments and shear forces can be determined by using the
environmental conditions outlined in 1.3.2(b) of this Chapter.

(3) Transverse Bending Moment and Shear Force — Multi-hulled Craft
The transverse bending moment and shear force may be determined by distributing the weights
and loads athwartships across the craft and using the environmental conditions outlined in
1.3.2(b) of this Chapter.

(4) Torsion Bending Moment
The torsional bending moment may be determined by distributing the weights and loads on
segments of the hull sliced at a 45° angle from centerline and using the environmental conditions
outlined in 1.3.2(b) of this Chapter.

(5) Slamming Induced Bending Moment and Shear Force
The slam induced bending moment and shear force may be calculated by applying the
acceleration determined in 1.3.3 of this Chapter or in 2.2.1 of this Part to the lumped masses
developed for 1.3.4(b)(iii) of this Chapter.

Global Loads from Computations

Global loads from computer software programs are to be developed by loading the structure as outlined
1.3.2(c) of this Chapter. The computer program is to be capable of determining the moments and shear
forces in 1.3.4(a) of this Chapter or developing loads that can be used in conjunction with finite element
methods as outlined in 1.3.5(a) of this Chapter.

(b) Local Loads

Loads that differ from the pressure loads developed in 2.2 of this Part may be used to determine the required
scantlings in conjunction with the requirements in 1.3.5(b) of this Chapter or 2.3 and 2.4 of this Part. These
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loads are to be developed under the loading conditions in 1.3.2 of this Chapter and the following
subparagraphs.

(i) External Hydrodynamic Pressure

The hydrodynamic pressures at selected points on the external contours of the hull sections, are to be
calculated in regular waves.

(1) External Pressure Components
The total hydrodynamic pressure is to include the pressure components due to waves and the
components due to craft motion. Components of the hydrodynamic pressure are to be calculated
from the panel model analysis of 1.3.2(c)(iii) of this Chapter.

(2) Pressures Accompanying the Dominant Load Parameter and their Distribution
The external pressure is to be calculated either as a complex number or in terms of the amplitude
and phase. Then, 'simultaneously’ acting pressures over the wetted surface can be represented in
the form:

P = (A)(ay)sin(w,t + &)

where
P = simultaneous pressure
A = amplitude of the pressure RAO
ay = equivalent wave amplitude
®. = frequency of the equivalent wave when the RAO of the dominant load component of
the load case reaches its maximum
t = time under consideration
€& = phase angle of the (other) load component’s RAO

(3) Pressure Loading for Finite Element Models
The hydrodynamic pressure can be linearly interpolated to obtain the nodal pressures for the finite
element models required for structural analysis.

(4) Pressure Loading for Rule Requirements
For pressures that are to be used in conjunction with the requirements in 2.3 and 2.4 of this Part
for determining the local scantlings, the hydrodynamic pressures are to be resolved into KN/m?,

(i) Internal Tank Pressure

Liquid pressures in the cargo tanks are to be calculated and applied to the structural model used in finite
element analysis. Both static and dynamic pressures are to be included in the analysis, assuming that
there is no relative motion between the tank and the contained fluid.

(1) Pressure Components

The internal tank pressure is to account for both the quasi-static and motion-induced (dynamic)
pressure components. The quasi-static component results from gravity and is to include craft roll
and pitch rotations. The dynamic component is to be developed from the accelerations in the
liquid at the tank boundary caused by the hull’s motions in six degrees of freedom. These are to
be obtained from motion analysis as specified in 1.3.2 of this Chapter.

The total instantaneous internal tank pressure for each of the tank boundary points is to be
calculated by combining the inertial and quasi-static components as follows:

1

P = Do + phe [(g: + @)? + (gy +0,)" + (9. + a)?]f

where
p = total instantaneous internal tank pressure at a tank boundary point
Po = vapor pressure or the relief valve pressure setting
p = fluid density, cargo or ballast
hy = total pressure head defined by the height of the projected fluid column in the
direction of the total instantaneous acceleration vector
axy, = longitudinal, lateral, and vertical wave-induced accelerations relative to the craft’s
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axis system at a point on a tank’s boundary
gxy: = longitudinal, lateral, and vertical components of gravitational accelerations relative
to the craft’s axis system at a tank boundary point

(2) Roll and Pitch Motions
The influence of ship motions on tank pressures is to be taken into account using the maximum
pitch and roll angles. As reflected in the previous formulations, the inclination of the tank due to
craft roll and pitch is to be considered in the calculation of the hydrostatic pressure. The direction
of gravitational forces in the ship-fixed coordinate system varies with roll and pitch, resulting in
a change in pressure head and a corresponding change in the static pressure.

(3) Simultaneously Acting Tank Pressure

At each wave condition, for each load case described in 1.3.2(c) of this Chapter, simultaneously
acting tank pressures (quasi-static and dynamic) are to be calculated. Each wave condition is
defined by wave amplitude, frequency, heading angle and wave crest position, as explained in
1.3.2(c) of this Chapter. Using the wave amplitude and phase angle determined based on the
RAO of a DLP, the simultaneously acting tank pressure is to be calculated for the instant when
the maximum value of the DLP occurs. These internal tank pressures are to be used in the
structural finite element model.

Inertia Force of Lumped Structural Mass

The inertia force, or point load, of a structural mass, such as deck equipment or cargo, can be determined
by the following equation:

F = m(At)

where:
F = inertial load of the item
m = mass of the lumped weight of the structural member
A; = amplitude of the acceleration RAO

For finite element models, the inertia forces in three (global) directions are to be calculated and applied.
For a first-principles analysis, the inertia force in the vertical direction is to be calculated and applied.

Structural Response

(a) Global Response

The global bending moments developed in 1.3.4(a) of this Chapter can either be applied to the requirements
in 2.1.1(a)(ii)(5), 2.1.1(c), 2.1.1(e)(iv) and 2.1.2(c) of this Part or to a global finite element model as outlined
in this paragraph.

- 20 -

(i)

(i)

(iii)

General

The load cases of 1.3.2(c) of this Chapter are to be applied to the global structural analysis model
described in 1.3.5(a)(iv) of this Chapter. Each load case is to include the hydrostatic and still-water load
components that have not otherwise been directly included in the load component determination
performed in accordance with 1.3.4(b)(i) and 1.3.4(b)(iii) of this Chapter. These hydrostatic or still-
water load components are to be included in the hydrostatics analysis.

Equilibrium Check

The model of the hull girder structure is to be close to equilibrium when all the loads (static and dynamic)
are applied.

The unbalanced forces in the model’s global axis system for each load case need to be determined and
resolved. The magnitudes of the unbalanced forces, and the procedure used to balance the structural
model in equilibrium is to be fully documented.

General Modeling Considerations
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To the maximum extent practicable, the overall model of the hull structure is to comprise the entire hull.

There is also to be sufficient compatibility between the hydrodynamic and structural models so that the

application of fluid pressures onto the finite element mesh of the structural model can be done

appropriately.

For the load component types and structural responses of primary interest, analysis software

formulations derived from linear idealizations are sufficient. Enhanced bases of analysis may be

required so that non-linear loads, such as hull slamming, may be required. The adequacy of the selected
software is to be demonstrated to the satisfaction of the Society.

The results of overall (global) model analysis are to be directly employed in the creation and analysis

of the required finer mesh, local structural models. Appropriate boundary conditions determined in the

larger scale model are to be imposed onto the local models for appropriate structural continuity and load
transfer between the various levels of models.
(iv)  Analysis of the Global Hull Structure

The global structural and load model is to be as detailed and complete as possible. The stress results of

the global model are used only to assess the hull girder plating of the deck (and wet deck for multi-

hulled craft), side shell, bottom, inner bottom, longitudinal bulkheads, transverse bulkheads and stools
or deck box girders. The main supporting members of the hull girder may be evaluated using 2-D fine-
mesh local models. In developing the 3-D global finite element model, the following requirements apply:

(1) The finite element model is to include all primary load-carrying members. Secondary structural
members which may affect the overall load distribution are also to be included.

(2) Structural idealization is to be based on the stiffness and anticipated response of the structure,
not wholly on the geometry of the structure itself.

(3) The relative stiffness between associated structural members and their anticipated response
under the specified loading is to be considered.

(4) A judicious selection of nodes, elements, and degrees of freedom is to be made to represent the
stiffness and mass properties of the hull, while keeping the size of the model and required data
generation within manageable limits. Lumping of plating stiffeners, use of equivalent plate
thickness, and other techniques may be used for this purpose.

(5) The finite elements, whose geometry, configuration, and stiffness closely approximate the actual
structure, can typically be of three types:

- Truss or bar elements with axial stiffness only
- Beam elements with axial, shear, and bending stiffness
- Membrane plate elements, either triangular or quadrilateral.

(6) When possible, the finite element structure is to be based on the use of gross or as-built
scantlings.

(b) Local Response

The local loads developed in 1.3.4(b) of this Chapter may be used in conjunction with the scantling
requirements in 2.3 and 2.4 of this Part. For local structure that forms a grillage, or that is arranged in a
manner not indicative of the principles given in the other Sections of the Rules, or structure that is being
examined in conjunction with a finite element analysis may be reviewed using the following:

0] Non-Prismatic Beam Analysis

Beams that do not have uniform cross-sections may be analyzed using a non-prismatic beam program.
The adequacy of the selected software is to be demonstrated to the satisfaction of the Society. In
developing the non-prismatic beam model, the following requirements apply:

(1) The program is to be capable of calculating the shear and bending moment at all locations along
the length of the beam.

(2) Section properties of the beam are to be inputted into the program to resemble the actual
construction of the beam and are to have a maximum segment length of 300 mm.

(3) The loads for the beam may be derived from 2.2 of this Part or 1.3.4 of this Chapter.
(4) The boundary conditions of the beam are to reflect the structural arrangement.
(i) Grillage or Plane Frame Analysis
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Structure that forms a grillage, or an area of structure that is arranged in a manner that is different from
the principles of the Rules, may be analyzed using a grillage or plane frame analysis program. The
adequacy of the selected software is to be demonstrated to the satisfaction of the Society. In developing
the grillage or plane frame model, the following requirements apply:

(1) The beam elements in the model are to be arranged to reflect all of the structure in the area under
consideration.

(2) The program is to be capable of applying off-axis loads to the elements and nodes.

(3) The program is to be capable of calculating and reporting the bending moments and shear forces
at each node.

(4) The loads for the model may be derived from 2.2 of this Part or 1.3.4 of this Chapter.

(5) The boundary conditions of the model are to reflect the structural arrangement. Boundary
conditions for model symmetry will be specially considered.

Local Fine Mesh Model from Global 3-D Model

Detailed local stresses are to be determined by fine mesh FEM analysis of local structures, based on the
results of the global 3-D analysis.

The requirements for developing the 3-D coarse mesh global model in 1.3.5(b)(iv) of this Chapter are
also applicable to the development of the 2-D fine-mesh models. In developing the 2-D fine mesh model,
the following requirements apply:

(1) The mesh size of the 2-D finite element model are to be determined by adequately modeling the
stiffness of the individual structural members forming the local structure.

(2) In modeling a local transverse structure, the web plating is modeled by membrane plates, using
both quadrilateral and triangular elements. Stiffeners on the web plating, such as panel breakers,
tripping brackets, flat bar stiffeners, etc., and the face plates of the webs are modeled by rod
elements of equivalent cross sectional areas. Where face plates on brackets are tapered at the
ends, the area of the rod elements is to be reduced accordingly. The out-of-plane hull girder
plating (i.e., deck, side shell, bottom shell, girders, etc.) is also to be modeled by rod elements,
using an appropriate effective width.

(3) The mesh size used is to be adequate to represent the overall stiffness of the considered local
structure as a whole, such that smooth stress distributions in the structure can be obtained.

(4) Finer meshes are to be used in the probable high stressed areas in order to obtain more accurate
stress distributions for these areas. The use of a uniform mesh with smooth transition and with
avoidance to abrupt changes in mesh sizes is recommended.

(5) Inlaying out the mesh, the shapes of membrane elements created are to be as regular as possible.
The aspect ratios of plate elements are to be kept within 2:1. Elements with an aspect ratio higher
than 5:1 may be used for convenience of modeling in way of low stress areas, or areas of low
interest.

(6) The grid line spacing and element sizes for the transverse section can be determined by the
spacing of the longitudinals on the bottom shell, inner bottom, and topside tank. The grid lines
can either be in line with the longitudinals, or for a finer mesh, an additional one division can be
added between the longitudinal spacing.

(7) Cutout openings for longitudinals and access holes need not be considered in the 2-D models.
This is also applies to all lightening holes or other small openings in the webs.

(8) The stiffeners, panel breakers, and ribs that prevent local buckling that are parallel to the
principal direction of stress are to be included in the model.

Boundary displacements obtained from the 3-D global analysis are to be used as boundary conditions
in the fine mesh analysis. As applicable, the fine mesh models are to include at least the following local
structures:

- A number of transverse web frames

- Centerline longitudinal girder

- Side longitudinal girder

- Horizontal stringers of watertight transverse bulkhead

- Other areas of high stress indicated from the 3-D global analysis.
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Where the 3-D global analysis is not comprehensive enough to determine adequately the total stress in
the longitudinal plating (e.g., deck and shell) and transverse bulkhead plating of the craft, additional
analyses may be required. Such analyses may not require the performance of fine mesh FEM analysis,
where the needed results can be provided by another acceptable method.

(iv)  Local Fine Mesh Model without Global 3-D Model

Structure that forms a grillage or an area of structure that is arranged in a manner different from the
principles of the Rules may be analyzed using a local finite element model. The adequacy of the selected
software is to be demonstrated to the satisfaction of the Society. In developing the local finite element
model, the following requirements apply:

(1) The requirements in 1.3.5(b)(iv) of this Chapter are to be applied as applicable.

(2) The loads for the model may be derived from 2.2 of this Part or 1.3.4 of this Chapter.

(3) The boundary conditions of the model are to reflect the structural arrangement. Boundary
conditions that model symmetry will be specially considered.

1.3.6  Structral Acceptability

(a) Beam, Grillage, or Plane Frame Analysis

The allowable bending stress for elements in beam, grillage or plane frame models is given in Table 111 2-15
or Table 111 2-16 of this Part. The allowable shear stress for aluminum and steel elements is 0.5ty (0.757y for
bottom primary structures) where Ty is the minimum shear yield strength of the material. For aluminum
structure, Ty is to be in the welded condition. The allowable shear stress for composite members is 0.41y,
where 1y is the lesser of the ultimate shear strength in either the warp or fill of the web laminate.

(b) Finite Element Analysis
0] General

The adequacy of the finite element analysis results is to be assessed for the failure modes of material
yielding and buckling. The requirements in this chapter are for steel, aluminum and FRP craft. The
acceptance criteria for craft constructed of other materials will be specially considered.

(i) Yielding
For a plate element subjected to biaxial stress, a specific combination of stress components, rather than
a single maximum normal stress component constitutes the limiting condition. In this regard, the total
equivalent stress is to be based on the Hencky von-Mises criterion as the following equation:

O, = \/a,? +0? — 0,0, + 373,

where:

Ox = normal stress in the x coordinate direction of the element
Oy = normal stress in the y coordinate direction of the element
Txy = in-plane shearing stress

The total equivalent stress (Hencky von-Mises stress) is to be less than or equal to the following design
stress:

Steel: 0.956yield
Aluminum: 0.856yjieid
FRP: 0.370y

where oyield IS the yield strength for steel structures or the welded yield strength for aluminum structure,
and oy is the ultimate tensile or compressive strength of the laminate, whichever is less.

Component stresses (o, Oy, Txy) are to be less than or equal to allowable local structure design stress.
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(iii)  Design Global Hull Girder Stresses
The design stresses are as follows:
(1) Global Longltudlnal Strength of All Hull Types

Ca 175/CQ design longitudinal bending stress N/mm?
Ta = 110/Q design shear stress N/mm?
C = 1.0 for steel craft

= 0.90 foraluminum craft
= 0.80 for fiber-reinforced plastic craft
Q for steel:
= 1.0 for ordinary strength steel
= 0.78 for grade H32 steel
= 0.72 for grade H36 steel
Q for aluminum:
= 0.9+qs butnotlessthan Qo

gs = 115/oy
QO = 635/(Gy+0u)
Oy = minimum yield strength of unwelded aluminum (not to be greater than

0.701) N/mm?
Gu = minimum ultimate strength of welded aluminum N/mm?
Q for fiber-reinforced plastic:

= 400/0.750y

Gu = minimum ultimate tensile or compressive strength, whichever is less,

verified by approved test results. Strength properties in the longitudinal

direction of the craft are to be used. N/mm?

(2) Global Transverse Strength of Multihulls

6a = designtransverse bending stress, 0.66cy for aluminum and steel craft and

0.33c, for FRP craft N/mm?
cab =  design torsional or combined stress > 0.75cy for aluminum and steel craft

and 0.367c, for FRP craft N/mm?
Ta =  design transverse shear stress, 0.38cy for aluminum and steel craft and

0.401, for FRP craft N/mm?
6y = minimum yield strength of the material. For aluminum the yield strength

is to be for the unwelded condition and not to be greater than 0.76 yw N/mm?
ou = minimum tensile or compressive strength, whichever is less N/mm?
ocw = ultimate tensile strength of material in the welded condition N/mm?
dm =  maximum deflection for FRP craft, (co/E)L, m
Tu = minimum ultimate through thickness shear strength N/mm?
L = mean span of cross structure, as indicated in Fig. 11 A2-2 of this Part cm
E = tensile or compressive modulus of the FRP laminate, whichever is lesser  N/mm?

1.4  Guidelines for Finite Element Analysis

1.41 General

The intent of this section is to provide guidance on the use on fine element methods (FEM) for evaluating linear response
of hull structural components, equipment foundations and reinforcement structure to applied loads.

Finite element methods can be applied with varying level of detail and complexity to determine stress levels, deflection
magnitudes and other parameters of structural components. The choice of the type of finite element and evaluation
criteria should match the desired level of detail, loading scenario, boundary conditions and complexity of the structural
component.
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Structural Modeling

(a) Finite Element Types

The choice of the type of finite element is guided by the complexity of the structural system or component
being analyzed, the level of detail desired and the outcomes measured. Two node line element and three or
four membrane/plate element are considered sufficient for representation of a structure and requirements in
this section assumes the use of such element types in the models. Higher order elements may also be applied.
Details of basic element types are given in Table Il 1-8 of this Chapter.

(b)

(c)

Table 111 1-8
Finite Element Type

Rod (or truss) element Line element with axial stiffness only and constant cross-sectional area

along length of the element

Beam element Line element with axial, torsional and bi-directional shear and bending

stiffness and with constant properties along the length of the element

Membrane (or plane-stress) Plate element with in-plane stiffness and with constant thickness
element

Shell (or bending plate) Plate element with in-plane and out-of-plane bending stiffness and with
element constant thickness

Model Types

(i)

(i)

Beam/Grillage Model

Beam/grillage models comprise of entirely of beam and rod elements, and are suitable for the solution
of simple to more elaborate beam problems of one, two or three-dimensional configuration.

Examples where such models could be applied are for deck beams, girders, floors, and bulkhead
stiffening. Such models provide bending moment and shear force distributions, axial, bending and shear
stresses, and deflection magnitudes.

Plate Element Model

Plate element models are applied in cases where a precise representation of the geometry of the structural

component or system is necessary, the complexity of the structure warrants it, or when the desired
structural response cannot be determined from beam or grillage models.

Modeling Guidance

(i)

(i)

(iif)

(iv)

v)
(vi)

The model should include, as applicable, all primary load-carrying members of the structure being
analyzed. Secondary structural members that may significantly affect load distributions and local
response of the primary members may also be appropriately included in the model.

For beam elements, cross sectional properties are to be based on that of effective width of the attached
plating. The effective width of plating of beam elements is not to exceed the sum of one-half of the
spacing on either side of the structural member or 1/3 of the unsupported span of the member,
whichever is less.

Plate element meshing is to follow the stiffening system as far as practicable. The mesh size used
should be adequate to represent the overall stiffness of the considered structure. For meshing of large
systems such as deck, shell or bulkhead plate/framing systems, the mesh size is to not exceed the
spacing between the frames. The mesh should be progressively and smoothly refined to capture
structural details where important or found necessary.

At least three elements are to be used, where practical, to model webs of primary supporting members
such as girders, transverses, stringers and floors. Rod elements may be used to model flanges of
primary supporting members and brackets. The cross sectional area of rods representing sniped or
tapered flanges is to be considered proportionally using an average area over the length of the element.

The aspect ratio of plate elements, in general, is not to exceed three. The use of triangular plate
elements is to be kept to a minimum.

Shell elements are to be used for plate elements subjected to lateral loading.

CR CLASSIFICATION SOCIETY - 25 -
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART III CHAPTER 1
1.4 Guidelines for Finite Element Analysis

(d) Boundary Conditions

(®)

)
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Boundary conditions applied are to reflect, as closely as possible, the actual support conditions of the
structure.

The extent of model should be sufficient to establish proper boundary conditions. Where the model has been
extended to points well away from the areas of interest within the model, boundary conditions may be
reasonably simplified, for example assuming fully fixed conditions for plate elements models.

Loads

Loads applied on a model are to be as required by the relevant rule or the design loads of the structural
member, whichever is greater.

In addition to static loads, other loads such as hull girder and dynamic loads arising out of acceleration, ship
motion, etc. are to be considered where applicable and relevant.

In typical cases, it is not necessary to consider the self weight of the structure, unless it is expected to be a
significant component of the loads acting on the structure.

Loads are to be applied in a manner so as to match, as closely as possible, the expected distribution and
manifestation of the load within the structure in the actual situation.

Stress Criteria

Unless otherwise specified in the Rules or relevant regulations, individual stress components and, as
applicable, direct combinations of such stresses in beam or grillage models are not to exceed the allowable
stress F.

F = F,/FS

where
Fy specified minimum yield strength of the material
FS Factor of Safety
For static loadings:
= 1.67 for axial or bending stress
= 2.50 for shear stress
For loads combining static and dynamic:
= 1.25 for axial or bending stress
= 1.88 for shear stress

For plate element models, and unless otherwise specified in the Rules or relevant regulations, the Von-Mises
equivalent stress is not to exceed the limits specified in Table 111 1-9 of this Chapter for the specific mesh
size.
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Table 111 1-9
Stress Limits for Plate Element Models
Mesh Size Stress Limit
1 x stiffener spacing (SS) 0.90 SwFy
1/2 x SS 0.95 SpFy
1/3 x SS 1.00 SwFy
1/4 x SS 1.06 SmFy
1/5 x SS~1/10 x SS® 1.12 SyFy
Note:
(1)  Stress limits greater than 1.00 SwFy are to be restricted to small areas in way of structural discontinuities.
2 Sw = 1.0 for mild steel

0.95 for HT 32
0.908 for HT 36
(3)  For intermediate mesh size, the stress limit may be obtained by linear interpretation

(4)  For longitudinally effective structure that is modeled without the hull girder loads, the allowable stresses are
to be decreased by 10%
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Chapter 2

Hull Structures and Arrangements

2.1  Primary Hull Strength

2.1.1  Longitudinal Hull Girder Strength - Monohulls

The equations are, in general, valid for craft having breadths, B, not greater than twice their depths, D, as defined in
1.1 of this Part. Finite element analysis of the longitudinal hull girder strength is an acceptable alternate analysis to the
requirements in 2.1.1 through 2.1.3 of this Chapter. The failure criteria, seaway loads, and finite element method is to
be submitted for review, see 1.3 of this Part.

(a) Section Modulus
(i) All Craft

The required hull girder section modulus SM at amidships is to be not less than given by the following
equation:

SM = C,C,L?B(C, + 0.7)K;CQ  cm*m

where
C1 = 0.044L +3.75 L<90m
300 — L\"®
= 1075- <W) 0m<L
C. = 001
L = length of craft, as defined in 1.1 of this Part m
B =  breadth, as defined in 1.1 m
\% = maximum speed in calm water, in knots, for the loading condition under
consideration
Cp =  Dblock coefficient at the design draft, based on the length, L, measured on the design
load waterline. Cy is not to be taken as less than 0.45 for L < 35 m or 0.6 for L >
61 m. Cy, for lengths between 35 m and 61 m is to be determined by interpolation.
V/VL
Ks =  0.70+0.30 (2—36)
K3 is not to be taken less than 1, nor more than 1.30.
C = 1.0 for steel craft
0.90 for aluminum craft
0.80 for fiber-reinforced plastic craft
Q for steel:

= 1.0 for ordinary strength steel
= 0.78 for grade H32 steel
= 0.72 for grade H36 steel
For other steel grades:
Qother = 490/(0,+0.6606,), where oy is not to be greater than 70% oy
Q for aluminum:
= 0.9+qgs butnot lessthan Q,
115/cy

635/(cy+ou)

Qs
Qo
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oy = minimum vyield strength of unwelded aluminum (not to be greater than N/mm?
O.7Gu)
Oy = minimum ultimate strength of welded aluminum N/mm?
Q for fiber reinforced plastic:
= 400/0.750, N/mm?
Gu = minimum ultimate tensile or compressive strength, whichever is less, N/mm?

verified by approved test results. See 1.5 of Part Il. Strength properties
in the longitudinal direction of the craft are to be used.

(ii) Craft 61 m in Length and Over

In addition to meeting the above criteria in 2.1.1(a)(i), craft of 61 m in length or greater are to comply
with the following requirements:

(1) Sign Convention of Bending Moment and Shear Force
The sign convention of bending moment and shear force is as shown in Fig. 111 2-1 of this Chapter.

‘ | ol

F, Fop F,

s s w
Aft Fore
l (o ]y
MSH“ MH' Msri* M,
Fig. 111 2-1

Sign Convention

(2) Wave Bending Moment Amidships
The wave bending moment, expressed in kN-m, may be obtained from the following equations:

Mws = —k;C;L2B(Cy +0.7) X 1073 Sagging Moment

Mwh = +k,C;L?BC, x 1073 Hogging Moment
where

k1 = 110

k2 = 190

Cu, L, B and Cy are as defined in 2.1.1(a)(i) of this Chapter.

(3) Still Water Bending Moment
The maximum still water bending moment in both the hogging and sagging condition is to be
submitted. In case the detailed information is not available in the early stages of design, or the
still water bending moment is not required to be submitted, the still water bending moment in
kN-m can be determined by the following:

Msws = 0 Sagging Moment
Meuin = 0.375f,C;C,L?B(Cy, + 0.7) Hogging Moment
where
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fo

= 175

kN/cm?

C1, Ca, L, B and Cy, are as defined in 2.1.1(a)(i) of this Chapter.

(4) Slamming Induced Bending Moment
The slamming induced bending moment in KN-m can be determined by the following equation:

Msl

where
Cs
A
Is

AR
BWl

ncg

= CA(l +ng)(L— L) kN-m
= 125

= full load displacement ton

= length of slam load m

= AR/BW|

= 0.697A/d m?2

= waterline breadth at the LCG m

maximum vertical acceleration as defined in 2.2.1(a) of this Chapter, but (1+ncg)

is not to be taken less than indicated in Table I11 2-1 of this Chapter.

Table 111 2-1
Minimum Vertical Acceleration

A (metric tons) Minimum Vertical Acceleration, (ne,gt+1) (9)
180 3
400 2
> 1200 1

Note: Intermediate values of ncq are to be determined by linear interpolation.

(5) Section Modulus
The required hull-girder section modulus for 0.4L amidships is to be obtained from the following

equation:
SM = Mece cm?-m
fo
where:
M; = maximum total bending moment kN-m
To be taken as the greatest of the following
= lv[swh + lv[wh
= —Mgws —
= My
Mg = maximum still-water bending moment in the hogging condition, as
determined in 2.1.1(a)(ii)(3) of this Chapter kN-m
M,ws = maximum still water bending moment in the sagging condition, as
determined in 2.1.1(a)(ii)(3) of this Chapter kN-m
Myn = maximum wave induced bending moment in the hogging condition, as
determined in 2.1.1(a)(ii)(2) of this Chapter kN-m
Mys = maximum wave induced bending moment in the sagging condition, as
determined in 2.1.1(a)(ii)(2) of this Chapter kN-m
Mg = maximum slamming induced bending moment, as determined in
2.1.1(a)(ii)(4) of this Chapter kN-m
f, = 175 kN-m

C and Q are as defined in 2.1.1(a)(i).
Consideration may be given to a seakeeping analysis based on craft speed and sea state to
determine Mys and M.

(b) Extension of Midship Section Modulus

Where the still-water bending moment envelope is not submitted or where 2.1.1(a)(i) of this Chapter governs,
the scantlings of all continuous and all effectively developed longitudinal material are to be maintained
throughout 0.4L amidships and may be gradually tapered beyond. The area of the strength deck and other
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effective decks comprising of plating and longitudinal members may be reduced linearly from 0.4L
amidships to the ends. The ends of all continuous and effectively developed longitudinal members are to
terminate with back-up brackets extending to and attached to an adjacent transverse member. The bracket is
to extend for a distance not less than the depth of the member.
Structure that is not continuous throughout the midships 0.4L and beyond, but is effectively developed by

brackets and welding to provide continuity of area, may be taken to contribute to the hull girder section
modulus, provided the buckling strength required by 2.4.1(c) of this Chapter is maintained in way of the

brackets.

Where the scantlings are based on the envelope curve of still-water bending moments, items included in the
hull-girder section modulus amidships are to be extended as necessary to meet the hull-girder section
modulus required at the location being considered, taking into account the distance required for the member
to become fully effective (See 2.1.1(d)(ii) of this Chapter).

The envelope curve of Mys and Myy may be obtained by multiplying the midship value by the distribution
factor M in Fig. 111 2-2 of this Chapter.

A

) S,

-

00.0
Aft
end of L

(c) Moment of Inertia

0.4

Distance from the aft end of L in terms of L

Fig. 111 2-2
Distribution Factor M

1.0
Forward
end of L

The hull-girder moment of inertia, I, at amidships is to be not less than given by the following equation:

I_LSM
T QC K

where:

cm?2-m?

SM = required hull-girder section modulus in 2.1.1(a)(i) or 2.1.1(a)(ii) of this Chapter,

whichever is greater

cm?-m

K = factor dependent on the material and craft length as given in Table III 2-2 of this

Chapter

L, C and Q are as defined in 2.1.1(a)(i) of this Chapter

Table 111 2-2
Factor, K
L (m) Steel Aluminum FRP (Basic Laminate)
Restricted Service

L<6lm 50 13.33 1.8
Unrestricted Service L< 61 m 40 13.33 1.8

All Craft

L>6lm 333 11.1 1.5

Note:

(1) For fiber reinforced plastic laminates that are greater than the basic laminate (as defined in 1.7.4(a)

of Part I1), the value for K can be adjusted by the ratio of Eo/Ep
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where:
E,
Ep

the elastic modulus of the actual hull laminate N/mm?
6890 N/mm?

(d) Section Modulus and Moment of Inertia Calculation

(i)

(i)

(iii)

(iv)

Items Included in the Calculation

In general, the following items may be included in the calculation of the section modulus and moment
of inertia provided they are continuous or effectively developed within midship 0.4L, have adequate
buckling strength, and are gradually tapered beyond the midship 0.4L.

(1) Deck plating (strength deck and other effective decks)

(2) Shell and inner bottom plating

(3) Deck and bottom girders

(4) Plating and longitudinal stiffeners of longitudinal bulkheads

(5) All longitudinals of deck, sides, bottom, and inner bottom, see also 2.5.1(a)(i) of this Chapter
Effective Areas Included in the Calculation

In general, the net sectional areas of longitudinal strength members are to be used in the hull girder
section modulus calculations, except that small isolated openings need not be deducted provided the
openings and the shadow area breadths of other openings in any one transverse section do not reduce
the section modulus by more than 3%. The breadth or depth of such openings is not to be greater than
25% of the breadth or depth of the member in which it is located with a maximum of 75 mm for scallops.
The shadow area of an opening is the area forward and aft of the opening enclosed by the lines tangential
to the corners of the opening intersecting each other to form an included angle of 30 degrees.

Section Modulus to the Deck or Bottom

The section modulus to the deck or bottom is obtained by dividing the moment of inertia by the distance
from the neutral axis to the molded deck at side amidships or baseline, respectively. Where a long
deckhouse or superstructure is considered as part of the hull girder, the section modulus to the deck is
obtained by dividing the moment of inertia by the distance from the neutral axis to the top of the bulwark,
deckhouse or superstructure.

Breaks

Craft having partial superstructures are to be specially strengthened in way of breaks to limit the local
increase in stresses at these locations. The main deck plate and side shell plate thickness is to be
increased a minimum of 25%, but the increase need not exceed 6.5 mm. This increase is to extend well
beyond the break in both directions in such a fashion to provide a long gradual taper. Where breaks of
the superstructure (e.g., long forecastle) are appreciably beyond the amidships 0.5L, these requirements
may be modified. Gangways, large freeing ports and other openings in the shell or bulwarks are to be
kept well clear of breaks, and any holes which must be unavoidably be cut in the plating are to be kept
as small as possible and are to be circular or oval in form.

(e) Hull Girder Shear Strength Calculation - For Craft 61 m in Length and Over
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(i)

(i)

General

The nominal total shear stresses due to still-water and wave-induced loads are to be based on the
maximum algebraic sum of the shear force in still-water, Fsw, the wave-indicated shear force, Fw, and
the slam induced shear force, Fsl, at the location being considered. The thickness of the side shell is to
be such that the nominal total shear stress as obtained by 2.1.1(e)(iii) of this Chapter are not greater than
11.0/Q kN/cm? where Q is as defined in 2.1.1(a)(i) of this Chapter. Consideration is also to be given to
the shear buckling strength of the side shell plating.

Wave Shear Forces
The envelopes of maximum shearing forces induced by waves, Fw, as shown in Fig. 111 2-3 and Fig. 111
2-4 of this Chapter may be obtained from the following equations:

Fyp = +kF;C;LB(C, + 0.7) x 1072 For positive shear force
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Fun = —KF,C;LB(Cy, + 0.7) X 1072 For negative shear force
where:

Fwp, Fan = positive and negative maximum shearing force induced by wave kN

k = 30

Fy = distribution factor as shown in Fig. III 2-3 of this Chapter

F> = distribution factor as shown in Fig. III 2-4 of this Chapter

Cy, L, B and Cy, are as defined in 2.1.1(a)(i) of this Chapter.
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Distribution Factor F;

(iii)  Slam Induced Shear Force
The slamming induced shear force can be determined by the following equation:

Fg = CF1A(ngg + 1) kN For positive shear force
Fg = C4FA(ngg + 1) kN For negative shear force
where:
C4 = 4.9
A = full load displacement metric tons
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)

212

(@)

(iv)

(V)

(vi)

(vii)

ne; = maximum vertical acceleration as defined in 2.2.1(a) of this Chapter
Shear Strength

For craft without continuous longitudinal bulkheads, the nominal total shear stress fs in the side shell
plating may be obtained from the greater of the following equations:

fy = (Fsw + Fyy )m/(2t5 )
fy = Fgm/(2tsD)

where:

fs = nominal total shear stress kN/cm?

I = moment of inertia of the hull girder section, at the section under consideration cm*

m = first moment about the neutral axis, of the area of the effective longitudinal
material between the horizontal level at which the shear stress is being
determined and the vertical extremity of effective longitudinal material, taken at
the section under consideration cm?

ts = thickness of the side shell plating, at the position under consideration cm

Fsw = hull-girder shearing force in still-water kN

Fw = Fyp or Fun as specified by 2.1.1(e)(ii) of this Chapter, depending upon loading kN

Fy = slam induced shear force, as indicated in 2.1.1(e)(iii) of this Chapter. The slam

induced shear force is to be applied in both the hogging and sagging conditions kN

Shearing Strength for Craft with Two or Three Longitudinal Bulkheads

For craft having continuous longitudinal bulkheads, the total shear stresses in the side shell and
longitudinal bulkhead plating are to be calculated by an acceptable method. In determining the still-
water shear force, consideration is to be given to the effect of non-uniform athwartship distribution of
loads. The methods described in Part I1, 3.3.2, of the Rules for Steel Ships may be used as a guide in
calculating the nominal total shear stress fs related to the shear flow in the side shell or longitudinal
bulkhead plating. Alternative methods of calculation will also be considered.

Hull Girder Shear Strength - FRP Craft

Hull girder shear strength will be specially considered on fiber reinforced plastic craft over 24 m in
length.

Craft of Unusual Proportion
Craft having unusual proportions will be specially considered

Hull Girder Torsional Loads

Torsional calculations may be required for craft with large deck openings. Racking load calculations may be
required for craft with tall superstructures.

Primary Hull Strength - Twin-Hulled Craft

Longitudinal Hull Girder Strength
The following applies to catamarans, surface effect craft, and similar configuration twin hulled craft.

The longitudinal strength requirements for twin-hulled craft are as given in 2.1.1(a) of this Chapter, with the
following modifications:

(i)
(i)

(iii)

B is to be taken as the sum of the waterline breadths of each hull.
For craft less than 61 m, longitudinal shear strength need not be considered unless they have unusual
or highly concentrated loads. For craft over 61 m the shear strength will be specially considered.

Items as listed in 2.1.1(d)(ii) of this Chapter may be included in the longitudinal strength calculation
for the total cross section of the hulls, with the addition of the cross deck bridging structure.
Consideration is to be given to the length over which the cross-deck structure becomes fully effective.

(b) Catamaran Transverse Loadings

- 34 -

CR CLASSIFICATION SOCIETY
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART III CHAPTER 2
2.1 Primary Hull Strength

The transverse primary hull loadings are determined by the following equations:

My, = 2.54B(1 + ngg) kN-m
M = 1.25AL(1 + ngg) kN-m
Q¢ = 2.5A(1 + n¢y) kN-m
where:
My, = design transverse bending moment acting upon the cross structure connecting the hulls kN-m
My = design torsional moment acting upon the transverse structure connecting the hulls kN-m
Q: = design vertical shear force acting upon the transverse structure connecting the hulls kN
A craft displacement ton
Bg = distance between the hull centerlines m
L = length of craft, as defined in 1.1.2 of this Part m
n, = vertical acceleration at the craft’s center of gravity, see 2.2.1(a) of this Chapter, but (1 +

N¢g) 1S not to be taken less than indicated in Table III 2-1 of this Chapter

(c) Transverse Strength for Catamarans and Surface Effect Craft
(i) Direct Analysis
The design loads that are to be applied to the structure are the transverse bending moment, My, the
torsional moment, My, and vertical shear force, Q. as defined in 2.1.2(b) of this Chapter and the

longitudinal bending moments as given in 2.1.1(a)(ii) of this Chapter. The requirements for the direct
analysis are given in 1.3 of this Part.

(i) Analysis for Simple Structures

Guidance for the analysis of cross deck structures that are symmetrical forward and aft of a transverse
axis at amidships can be found in Appendix 2 of this Part.

(iii)  Design Stresses and Deflections
Regardless of the method of analysis used, the design stresses are as follows:

oa = designtransverse bending stress, 0.66cy for aluminum and steel craft and 0.33ay
for FRP craft N/mm?
o = design torsional or combined stress, 0.75¢y for aluminum and steel craft and
0.367 1z, for FRP craft N/mm?
7a = design transverse shear stress, 0.38ay for aluminum and steel craft and 0.40 7,
for FRP craft N/mm?
oy = minimum yield strength of the material. For aluminum the yield strength isto  N/mm?
be for the unwelded condition and not to be greater than 0.7 oyw
ou = minimum tensile or compressive strength, whichever is less N/mm?
ow = ultimate tensile strength of material in the welded condition N/mm?
om = maximum deflection for FRP craft, (ca /E)L, N/mm?
T = minimum ultimate through thickness shear strength N/mm?
L = mean span of cross structure, as indicated in Fig. 111 A2-2 of this Part N/mm?
E = tensile or compressive modulus of the FRP laminate, whichever is lesser N/mm?

(d) Items included in Transverse Moment of Inertia and Section Modulus Calculation

The following items may be included in the calculation of the transverse section modulus and moment of
inertia provided that are continuous or effectively developed over the entire breadth of the cross structure or
wet deck, and have adequate buckling strength:

() Deck plating, main deck and bottom plating of wet deck
(i) Transverse stiffeners on wet deck
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(®)

®)

2.13

(@)

(b)
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(iii)  Transverse bulkheads or web frames which span the wet deck, and are effectively developed into the
hulls

(iv)  Transverse box beams, that are effectively developed into the hulls
(V) Continuous transom plating and attached horizontal stiffeners

In general, the effective sectional area of the deck for use in calculating the section modulus is to exclude
hatchways and other large openings in the deck.

Superstructures and house tops are generally not to be included in the calculation of sectional properties
of the cross structure. Craft having unusual configuration such as cross-deck structure out-of-line with
the main hull structure will be specially considered.

Craft with More Than Two Hulls
Transverse and torsional strength of craft with more than two hulls will be specially considered.

Hull Girder Torsional Loads

Torsional calculations may be required for craft with large deck openings. Racking load calculations may be
required for craft with high superstructures.

Strength Considerations for Hydrofoil Borne Craft

Longitudinal Strength

The hull weight curve showing full load, lightship and partial load (if more severe) is to be submitted. The
support reactions for each of the hydrofoils are to be shown. The resulting shear and bending moment
diagrams, as derived from these curves, are to be submitted for approval.

Hull deflection under the condition of maximum bending moment is not to exceed 1/200 of the distance
between the forward and aft foil attachment points.

Calculation of Loads from Hydrofoil Appendages
The maximum forces transmitted by any hydrofoil to the craft structure is given by the following equations:

F, = 13.847C, V2Ap

Fp = 13.847V?(CppAfr + CpsAgpg) + (Wetted surface drag)

where:

FL. = maximum lift force on craft exerted by hydrofoil, this force is assumed to act
perpendicular to the plane of the foil. Kgf

Fp = maximum drag force on craft exerted by hydrofoil plus strut, this force is assumed to
act directly aft from the center of the foil. Kgf

C. = peak coefficient of lift for the foil selected

Cor = peak coefficient of drag for the foil selected

Cps = peak coefficient of drag for the strut section selected

v = maximum craft speed knots

Ap = plan view area of foil m?

Apr = frontal area of foil m?

Ars = frontal area of strut m?

Total drag of the foil and strut (or similar appendage) is given by the drag term Fp that includes the frictional
drag coefficient, as a function of wetted surface and Reynolds number.

The strength of the foils and struts are to be based on F. and Fp and the resulting bending moments, shear
forces, and vertical forces. The strength of the connections of the struts to the hull is to be based on the
bending moments, shear forces, and vertical forces applied through the struts. A factor of safety on the yield
strength of the material (aluminum use the as-welded condition) is to be not less than 2.0. Calculations of the
bending moment, shear forces, and stiffness, are to be carried out and submitted by the designer.
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Additionally, calculations supporting the "Fail-Safe" performance of each foil attachment structure are to be
submitted.

Watertight integrity of the shell is to be maintained in the event of a collision of the hydrofoil appendages

with a solid object in the water. A design safety factor of 2.0 on the yield strength or 3.0 on the ultimate
strength of the foil strut bearing is to be used to assess the strength of the foil for the collision condition.

2.1.4  Effective Decks

To be considered effective for use in calculating the hull girder section modulus, the thickness of the deck plating is to
comply with the requirements of 2.3 of this Chapter. The deck section areas are to be maintained throughout the midship
0.4L and may be gradually reduced to one half their midship value at 0.15L from the ends. Only that portion of deck
which is continuous through the transverse structure may be considered effective.

215 Operating Manual
Craft are to be furnished with an CR approved operating manual providing guidance on:

(a) Means of identifying that the Manual is for the subject craft including principle particulars of the vessel.

(b) Loading conditions on which the design of the craft has been based, including cargo loading on decks,
loading ramps, and double bottoms.

(c) There should also be evidence of approved loading and stability conditions on board the craft. These should
preferably be included in the operating manual. If they are a separate document, they should be referenced
in the operating Manual.

(d) Maximum approved speed and associated displacement.

(e) Service Limitations, any scope of operations and/or operational limits as applicable such as distance from
port of refugee.

() Maximum operational speeds for the various sea-states (significant wave heights) in which the craft is
intended to operate, exceeding the design significant wave height defined in Table 111 2-3 of this Chapter.

(g) Permissible limits of still-water bending moments and shear forces, for craft 61m in length of greater.

(h) Position and application of watertight and weathertight (doors, hatches etc.) closing appliances necessary to
meet the Load Line assignment; identification of doors and hatches to be kept closed at sea; information on
storm shutters and their use; location of emergency escapes.

(i) From the aspect of the Flag Administration, depending on the Administration to which the craft is flagged,
there will also be a need for other items to be included such as safety plan, fire fighting procedures, means
of escape, evacuation procedures, operation of life saving appliances, and requirements for safe operation of
the vessel.

2.2 Design Pressures

2.2.1  Monohulls

The bottom and side pressures are to be checked using the displacement (A), speed (V), draft (d), and running trim (z)
in the full load, half load, and light load conditions. If the craft is receiving a freeboard assignment, the parameters used
in the full load condition are to coincide with the assigned freeboard. If the craft is not receiving a freeboard assignment,
the parameters used in the full load condition are to correspond to the condition of the craft with the maximum operating
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deadweight. The parameters used in the half load condition are to correspond to the condition of the craft with 50% of
the maximum operating deadweight, and the parameters used in the light load condition are to correspond to the
condition of the craft with 10% of the maximum operating deadweight plus the maximum speed of the craft.

(a) Bottom Design Pressure

The bottom design pressure is to be the greater of those, as given in the following equations, for the location
under consideration. Bottom structure design pressures are dependent upon the service in which the craft
operates. The bottom design pressure applies to hull bottoms below the chines or the upper turn of the bilge.

(i) Bottom Slamming Pressure

N;A
Pbcg = —[1 +ncg]FD kN/m?
L, B,
N; A 70 — Bpy
Py =—1 —|F 2
bxx Lwa [ + nxx] [70 — Bcg D kN/m
(i) Bottom Slamming Pressure for Craft Less Than 61 meters, The design pressure may be:
N, A
bxx = ﬁ[l +ncg]FDFV kN/m?
wHw

(iii)  Hydrostatic Pressure

P; = N3(0.64H + d) KN/m?
where:
Poeg = Dbottom design pressure at LCG kN/m?
Puxx = Dbottom design pressure at any section clear of LCG kN/m?
Ps = Dbottom design pressure based on hydrostatic forces kN/m?
n,e = the vertical acceleration of the craft as determined by a model test, theoretical
computation, or service experience (see 1.3 of this Part). If this information is
not readily available during the early stages of design, the following formula
utilizing the average 1/100 highest vertical accelerations at LCG can be used:
2 2
heg = N, [12h1/3 N 1_0] 1'[50 _ ,Bcg] % g’s
w
note that g’s are the dimensionless ratio of the acceleration at sea level (9.8m/s?)
The vertical acceleration, neg, is typically not to be taken greater than the
following:
=139+0 2561 ’s
Neg : : JL g
for speeds greater than 18+/L, the maximum ncgis 6.0 g (7.0 g for search and
rescue type craft)
The vertical accelerations are typically not to be taken less than 1.0 g for craft
lengths less than 24 m and 2.0 g for craft lengths less than 12 m. Intermediate
values can be determined by interpolation. The vertical acceleration will need to
be specially considered for craft fitted with seat belts or special shock
mitigation seats
ny = average of the 1/100 highest vertical accelerations, at any section clear of LCG
can be determined by the following equation:
= nchv g’S
N = 0.1
N> = 0.0078
N3 = 9.8
A = displacement at design waterline kg
Ly = craft length on the waterline with the craft at the design displacement and in the
displacement mode m
By = maximum waterline beam m
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wave parameter, 0.0172L + 3.653, generally not to be taken less than the
maximum survival wave height for the craft m

significant wave height, see Table III 2-3 of this Chapter m

running trim at V, in degrees, but generally not to be taken less than 4° for craft
L <50 m, nor less than 3° for L > 50 m. Special consideration will be given to,
designers’ values predicted from model tests. °

deadrise at LCG, in degrees, generally not to be taken less than 10° nor more
than 30° °

deadrise at any section clear of LCG, in degrees, not to be taken less than 10°
nor greater than 30°, see Fig. III 2-5 of this Chapter °

craft design speed in knots, see Table III 2-3 of this Chapter knot

design area factor given in Fig. III 2-7 of this Chapter for given values of Ap
and Ar

Generally not to be taken less than 0.4. See Table III 2-4 of this Chapter for
minimum values of Fp for craft less than 24 m in length

vertical acceleration distribution factor given in Fig. III 2-9 of this Chapter
vertical acceleration distribution factor given in Fig. III 2-8 of this Chapter
design area. For plating it is the actual area of the shell plate panel but not to be
taken as more than 2.5s%. For longitudinals, stiffeners, transverses and girders it
is the shell area supported by the longitudinal stiffener, transverse or girder; for

transverses and girders the area used need not be taken less than 0.33/2. cm?

reference area, 6.95A/d cm?

spacing of longitudinals or stiffeners cm

unsupported span of internals, see 2.4.1(b)(i) of this Chapter cm

stationary draft. Vertical measured from baseline to design waterline at middle

of design waterline length, but generally not to be taken as less than 0.04L. m
Table 111 2-3

Design Significant Wave Heights, hys, and Speeds, V

Operational Condition

his \%
High-Speed Craft 4m O Vi ®
Coastal Craft 2.5m Vi ®
Riverine Craft 0.5m Vi@

(1) The design significant wave height for unrestricted service craft is greater than or equal to 4.0 m, generally
not to be taken as less than L/12.

(2) Vm = maximum speed for the craft in the design condition specified in 2.2.1 of this Chapter.

Table 111 2-4
Minimum Values for Fp (L <24m)

S FD
mm
250 0.85
500 0.75
750 0.60
1000 0.50
1250 0.40
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>
H

Fig. 111 2-5
Deadrise, Flare, and Entry Angles

(b) Side and Transom Structure, Design Pressure
The side design pressure, KN/m?, is to be not less than given by the equations:
(i) Slamming Pressure

N;A - ﬁsx
Popy = 1+ ——|F 2
SXX Lwa [ nxx] [70 — ﬁcg D kN/m
(i) Hydrostatic Pressure
Py = N;(Hs —y) kN/m?
(iiiy  Fore End
Pss = 0.28F,CpN5(0.22 + 0.15tana) (0.4VsinB + 0.6VL)? kN/m?
Where L is generally not to be taken less than 30 m
where:
Pw«x = side design slamming pressure at any section clear of LCG. For craft greater
than 24 m in length, the side design slamming pressure applies both along
the entire length below L/12 above baseline and to the region forward of
0.125L kN/m?
0.125L from Stem.
[
L/12 above Baseline.
Design Waterline. .
Baseline-
Py = side design pressure due to hydrostatic forces, but is not to be taken less than
the following: kN/m?
= 0.05N;L, at or below L/15 above the base line or any height above base line
forward of 0.125L from the stem kN/m?
= 0.033N;L, above L/15 above the base line, aft of 0.125L from the stem kN/m?
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Pyt = side design pressure for forward of 0.125L from the stem
Hs = 0.083L +d, but it is not to be taken less than D + 1.22 (D + 4) for craft less
than 30 m
= 0.64H +d for craft over 30 m
y = distance above base line of location being considered
L = craft length as defined in 1.1.2 of this Part
Bsx = deadrise of side at any section clear of LCG, not to be taken greater than 55°,
see Fig. III 2-5 of this Chapter
Cr = 0.0125Lfor L<80 m
= 1.0forL>80m
Fa. = 3.25 for plating and 1.0 for longitudinals, transverses and girders
o = flare angle, the angle between a vertical line and the tangent to the side shell
plating, measured in a vertical plane at 90° to the vertical tangent to the side
shell, see Fig. Il 2-5 of this Chapter
§ = entry angle, the angle between a longitudinal line, parallel to the centerline

and the horizontal tangent to the side shell, see Fig. III 2-5 of this Chapter

N1, N3, A, Lw, Bw, V, Ny, Beg, H, d and Fp are as defined in 2.2.1(a) of this Chapter.

222

Multi-Hull and Surface Effect Craft

o

o

The bottom and side pressures are to be checked using the displacement (A), speed (V), draft (d) and running trim (1) in
the full load, half load and lightship conditions. If the craft is receiving a freeboard assignment, the parameters used in
the full load condition are to coincide with the approved freeboard assignment. If the craft is not receiving a freeboard
assignment, the parameters used in the full load condition are to correspond to the maximum operating deadweight. The
parameters used in the half load condition are to correspond to 50% of the maximum operating deadweight, and the
parameters used in the lightship condition are to correspond to 10% of the maximum operating deadweight plus the
maximum speed of the craft. The on-cushion speed is to be used for surface effect craft.

(a) Bottom Design Pressure

The bottom design pressure is to be the greater of the following equations, for the location under
consideration. Bottom design pressures are dependent upon the service in which the craft operates. The
bottom design pressure applies to hull bottoms below the chines or the upper turn of the bilge for catamarans,
trimarans or other multihulled craft and surface effect craft. Bottoms of twin hull surface effect craft shall be
considered as catamaran hulls for the purpose of calculation of the bottom slamming pressure.

0] Bottom Slamming Pressure

N,A
Pbcg = : 1+ ncg]FD kN/m?
LthBw
N;A 70 — By
Pyyy = ————[1 —MIF, 2
bxx LthBw [ + nxx] [70 — .Bcg D kN/m

(i) Bottom Slamming Pressure for Craft Less Than 61 meters
The design pressure may be:
N,A

Ppyx = L,N,B, [1 +ncg]FDFV kN/m?
(iii)  Hydrostatic Pressure
P; = N3(0.64H + d) kN/m?
where:
Neg = the vertical acceleration of the craft as determined by a model test, theoretical

computation, or service experience (see 1.3 of this Part). If this information is
not readily available during the early stages of design, the following formula
utilizing the average 1/100 highest vertical accelerations at LCG can be used:
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12h1

2 +1.0
Nth

Vz(Nth)z
A

Neg = N, 1[50 - [s’cg] g's

The maximum and minimum vertical accelerations defined in 2.2.1(a) of this
Chapter are applicable to multihull craft.

Bw = maximum waterline beam of one hull m

Nu = number of hulls

Poeg: Poxxs N1, N2, N3, A, Lw, V, Fyv, Nxx, Pox, Peg, H, d and Fp are as defined in 2.2.1(a) of this Chapter.

(b) Side and Transom Structure, Design Pressure

S 42 .

The side design pressure, KN/m2, is to be not less than given by the equations:
0] Slamming Pressure

Poy = % [1+ 1] [%] Fp kN/m?
(i) Hydrostatic Pressure
P. = N3(Hs —y) KN/m?
(iii)  Fore End
Py; = 0.28F,CpN;(0.22 + 0.15tana) (0.4VsinB + 0.6VL)? kN/m?2

Where L is generally not to be taken less than 30 m

where:
Ps«x = side design slamming pressure at any section clear of LCG. For craft greater
than 24 m in length, the side design slamming pressure applies both along
the entire length below L/12 above baseline and to the region forward of
0.125L kN/m?
0.125L from Stem.
I ——
’—7 1./12 above Baseline.
Design Waterline. .
Baseline.
P = side design pressure due to hydrostatic forces, but is not to be taken less than
the following: kN/m?
= 0.05N;L at or below L/15 above the base line or any height above base line
forward of 0.125L from the stem kN/m?
= 0.033N3L above L/15 above the base line, aft of 0.125L from the stem kN/m?
Pys = side design pressure for forward of 0.125L from the stem kN/m?
y = distance above base line, of location being considered m
L = craft length, as defined in 1.1.2 of this Part m
Fa = 3.25 for plating and 1.0 for longitudinals, transverses and girders
Cr = 0.0125Lfor L<80m
= 1.0forL>80m
o = flare angle, the angle between a vertical line and the tangent to the side shell
plating, measured in a vertical plane at 90° to the horizontal tangent to the
side shell, see Fig. III 2-5 of this Chapter. °
§ = entry angle, the angle between a longitudinal line, parallel to the centerline

and the vertical tangent to the side shell, see Fig. III 2-5 of this Chapter.
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N1, N3, A, Lw, V, Nxx, Beg, Hs, d and Fp are as defined in 2.2.1(a) of this Chapter, s, is as defined in
2.2.1(b) of this Chapter. N, and By are as defined in 2.2.2(a) of this Chapter.

(c) Wet Deck or Cross Structure
The wet deck design pressure is to be determined by the following equations:

P,q = 30N, FpF,VVi(1 — 0.85h,/hy3) kN/m?
where:
Ny = 0.10
h, = vertical distance, from lightest draft waterline to underside of wet deck, at design
point in question. h, is not to be greater than 1.176h;,3 m
Fi = wet deck pressure distribution factor as given in Fig. III 2-10 of this Chapter
Vi = relative impact velocity as given below:
4h
_ 1/3 /s
VL

V, hyz and Fp are as defined in 2.2.1(a) of this Chapter.

2.2.3  Deck Design Pressures - All Craft
The design pressures, Pg, are to be as given in Table 111 2-5 of this Chapter, see Fig. 111 2-6 of this Chapter.

2.2.4  Superstructures and Deckhouses — All Craft
The design pressures, P, are to be as given in Table 111 2-6 of this Chapter

2.2.5  Bulkhead Structure, Design Pressure - All Craft

(a) Tank Boundaries

The design pressure for tank boundaries, for both integral and non-integral tanks is to be not less than the
following equations, whichever is greater:

Pt = N3h kN/m2
P, = pg(1+ 0.5n,,)h, kN/m?
where:
N; = asdefined in 2.2.1(a) of this Chapter
h =  greatest of the following distances, from lower edge of plate panel or center of area
supported by stiffener, to: m

(i) Apoint located above the top of the tank, at a distance of two-thirds the height
from the top of the tank to the top of the overflow.

(if) A point located at two-thirds of the distance to the main weather deck.
(iii) A point located above the top of the tank, not less than the greater of the

following:
(1) 0.01L+0.15m
(2) 0.46m
where L is the craft length as defined in 1.1.2 of this Part
pg =  specific weight of the liquid, not to be taken less than 10.05 kKN/m®
nw =  vertical acceleration at midspan of the tank, as defined in 2.2.1(a) of this Chapter  g¢'s
h, = distance from lower edge of plate panel or center of area supported by stiffener to m

the top of the tank
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(b)

2.2.6

Section:

The heights of overflows are to be clearly indicated on the plans submitted for approval.
Pressurized tanks will be subject to special consideration.

Watertight Boundaries
The design pressure for watertight boundaries is to be not less than the value given by the following equation:

PW = N3h kN/rn2

where:
N3
h

as defined in 2.2.1(a) of this Chapter

distance from the lower edge of plate panel or the center of area supported by the m
stiffener to the bulkhead deck at centerline

Operational Loads

Loads on the hull structure are dependent on the craft’s mission, payload and operational environment. For classification
purposes, the following payloads must be accounted for in addition to the other loads and pressures defined in this

—  Vehicle and human loads (see 2.3.1(e) and 2.4.1(h) of this Chapter)
—  Take-off, landing, and stowage of helicopters

(a) Human Loads

Composite deck structures are to withstand a point load equivalent to the weight of a man (90.7 kg) in the
middle of the plate or the midspan stiffener.

(b)

- 44 -

Helicopter Decks

(i)

(i)

(iii)

(iv)

General
Helicopter decks, where provided, are to meet the following structural and safety requirements.

Plans showing the arrangement, scantlings and details of the helicopter deck are to be submitted. The
arrangement plan is to show the overall size of the helicopter deck and the designated landing area. If
the arrangement provides for the securing of a helicopter or helicopters to the deck, the predetermined
position(s) selected to accommodate the secured helicopter, in addition to the locations of deck fittings,
for securing the helicopter are to be shown. The type of helicopter to be considered is to be specified
and calculations for appropriate loading conditions are to be submitted.

Overall Distributed Loading

For a platform type helicopter decks, a minimum distributed loading of 2010 N/m? is to be taken over
the entire helicopter deck. For all other helicopter decks, the minimum overall distributed load is to be
as specified in Table 111 2-5 of this Chapter.

Helicopter Landing and Impact Loading

A load of not less than 75% of the helicopter maximum take-off weight is to be taken on each of two
square areas, 0.3 m X 0.3 m. Alternatively, the manufacturer’s recommended wheel impact loading will
be considered. The deck is to be considered for helicopter landings at any location within the designated
landing area. The structural weight of the helicopter deck is to be added to the helicopter impact loading
when considering girders, stanchions, truss supports, etc. Where the upper deck of a superstructure or
deckhouse is used as a helicopter deck and the spaces below are normally manned (quarters, bridge,
control room, etc.) the impact loading is to be multiplied by a factor of 1.15.

Stowed Helicopter Loading

If provisions are made to accommodate helicopter secured to the deck in a predetermined position, the
structure is to be considered for a local loading not to be taken less than:

PHC b Wto(l + 0.51’lxx) + 0.49 kN/m2

where
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Wio

maximum take-off weight KN/m?
Nxx as defined in 2.2.1(a) of this Chapter g's

Special Landing Gear

Helicopters fitted with landing gear other than wheels will be specially considered.

Loading due to Motions of Craft

The structure supporting helicopter decks is to withstand the loads resulting from the motions of the
craft.

Environmental Loading

Calculations are to consider anticipated wind and wave impact loadings on helicopter decks and their
supporting structures.

Table 111 2-5
Deck Design Pressure, Pqg
Location KN/m?
Exposed freeboard deck, and superstructure and deckhouse decks forward of 0.20L+7.6
0.25L.
Freeboard deck inside enclosed superstructures and deckhouses, exposed 0.10L+6.1

superstructure and deckhouse decks aft of 0.25L, and internal decks included in
the hull girder bending moment

Enclosed accommodations decks 5.0
Concentrated deck cargo loads, equipment foundations W(1+0.5ny)
Enclosed store rooms, machinery spaces, etc. decks ph(1+0.5nx)

Notes:
W deck cargo load KN/m?

Nix =  average vertical acceleration at the location under consideration as defined g¢'s
in 2.2.1(a) of this Chapter

p = cargo density, not to be taken less than 7.04 KN/m?®
h =  height of enclosed store room, machinery space, etc. m
L = craft length as defined in 1.1.2 of this Part m

J Where permanently attached equipment are fitted and the live load associated with this equipment
is greater than the deck design pressure, the equipment live loads govern.

Table 111 2-6
Superstructures and Deckhouses Design Pressures
Location L<122m | L>30.5m
KN/m? KN/m?
Superstructure and Deckhouse Front Plating 24.1 37.9
Superstructure and Deckhouse Front Stiffeners 24.1 24.1
Superstructure and Deckhouse Aft End and House Side Plating 10.3 13.8
Superstructure and Deckhouse Aft End and House Side Stiffeners 10.3 10.3
House Tops, Forward of Midships, Plating and Stiffeners 6.9 8.6
House Tops, Aft of Midships, Plating and Stiffeners 3.4 6.9
Note:
For craft between 12.2 and 30.5 m, design pressure is to be obtained by interpolation.
L = craft length as defined in 1.1.2 of this Part.
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House Tops

House Side Exposed SS/DH Deck

| Enclosed Accom. Deck

. Exposed Freeboard Deck
House Side \ !
|
| Freeboard Deck Inside DH/SS
|
\
\
Enclosed Accom. Deck
[
|
Fig. 111 2-6
Decks, Superstructures, and Deckhouse Pressures
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Fig. 111 2-7
Design Area Factor Fp
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Fig. 111 2-8
Vertical Acceleration Distribution Factor Ky
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Fy

Extend to Forward Extent of Horizontal
Chine or Running Strake in Bottom Shell
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Fig. 111 2-9
Vertical Acceleration Distribution Factor Fv
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Fig. 111 2-10
Wet Deck Pressure Distribution Factor F,
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2.3 Plating

23.1

(@)

(b)

Aluminum or Steel

General

The bottom shell is to extend from the keel to the chine or upper turn of bilge. In general the side shell is to
be of the same thickness from its lower limit to the gunwale.

All plating is to meet the requirements for thickness as given in 2.3.1(b) of this Chapter.

In addition those areas of plating associated with primary hull strength are to meet the buckling criteria as
given in 2.3.1(c) of this Chapter. Where plate panels are subjected to other bending, biaxial, or a combination
of stresses, they will be specially considered.

The thickness of the shell plating in way of skegs, shaft struts, hawse pipes, etc. is to be increased by 50%
over that obtained from 2.3.1(b) of this Chapter.

The thickness of water jet tunnels and transverse thruster tubes is to be in accordance with 2.3.1(d) of this
Chapter.

Where the plating forms decks for the access, operation or stowage of vehicles, the plating is in addition to
meet the requirements of 2.3.1(e) of this Chapter.

Thickness

The thickness of the shell, deck or bulkhead plating is to be not less than obtained by the following equations,
whichever is greater:

(i) Lateral Loading

t= Pk
=% 110000, mm

where:
S = spacing, of the shell, deck, superstructure, deckhouse or bulkhead
longitudinals or stiffeners mm
p = design pressure, given in 2.2 of this Chapter KN/m?
k = plate panel aspect ratio factor, given in Table Ill 2-7 of this Chapter
o, = design stress, given in Table Il 2-8 of this Chapter N/mm?
Table 111 2-7
Aspect Ratio Coefficient for Isotropic Plates
I/s k kl
>2.0 0.500 0.028
2.0 0.497 0.028
1.9 0.493 0.027
1.8 0.487 0.027
1.7 0.479 0.026
1.6 0.468 0.025
15 0.454 0.024
1.4 0.436 0.024
1.3 0.412 0.021
1.2 0.383 0.019
1.1 0.348 0.017
1.0 0.308 0.014
Notes:
s = shorter edge of plate panel mm
I = longer edge of plate panel mm
Intermediate values may be determined by linear interpolation.
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Table 111 2-8
Design Stress, 6., Aluminum and Steel
Location Design Stress, 6,
Bottom Shell Slamming Pressure 0.90c,®
Hydrostatic Pressure 0.550y
Waterjet Tunnels Slamming Pressure 0.600y
Hydrostatic Pressure 0.550y
Side Shell Below Bulkhead Deck Slamming Pressure 0.906y
Hydrostatic Pressure 0.550y
Above Bulkhead Deck (i.e. Slamming Pressure 0.906y
foc'sles) .
Hydrostatic Pressure 0.550y
Deck Plating Strength Deck 0.600y
Lower Decks/ Other Decks 0.600y
Wet Decks 0.900y
Superstructure and Deckhouse 0.600y
Decks
Bulkheads Deep Tank 0.600y
Watertight 0.950y
Superstructure aft of Front, Sides, Ends, Tops 0.606,®
0.25L from F.P. &
Deckhouses
Notes:

(1) vyield strength of steel or of welded aluminum in N/mm?2, but not to be taken greater than 70% of
the ultimate strength of steel or welded aluminum

(2) The design stress for bottom shell plates under slamming pressure may be taken as oy for plates
outside the midship 0.4L.

(3) The design stress for steel deckhouse plates may be taken as 0.90cy,.
Thickness Based on Secondary Stiffening

ts = 0.01s mm

ty = 0.012s mm
where:

ts = required thickness for steel craft

ta = required thickness for aluminum craft

s is as defined in 2.3.1(b)(i) of this Chapter.
Minumum Thickness

The thickness of shell plating, decks and bulkheads is to be not less than obtained from the following
equations:

(1) Bottom Shell

t; =0.44,/Lg; + 2.0 mm
ty = 0.704/Lg, + 1.0 mm
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where:

L = craft length, as defined in 1.1.2 of this Part m
Os = 1.0 for ordinary strength steel; 245/cys for higher strength steels,

but not to be taken less than 0.72
oys = Yield strength for higher strength steel N/mm?
Ja = 115/oy, for aluminum alloys
oya = minimum unwelded yield strength for aluminum alloys, but

not to be taken as more than 0.7 of the ultimate tensile

strength in the as-welded condition N/mm?

ts and ty as defined in 2.3.1(b)(ii) of this Chapter. However, ts is not to be taken less than 3.5 mm
and ta is not to be taken less than 4.0 mm.

(2) Side Shell
ts =0.40,/Lgs + 2.0 mm
ty =0.62,/Lq, + 1.0 mm

where ts and ty are as defined in 2.3.1(b)(ii) of this Chapter. However, ts is not to be taken less
than 3.0 mm and ty is not to be taken less than 3.5 mm.
Os, Ja and L are as defined in 2.3.1(b)(iii)(1) of this Chapter.

(3) Strength Deck

ty = 0.40,/Lq; + 1.0 mm

ty =0.62,/Lq, + 1.0 mm

where ts and ty are as defined in 2.3.1(b)(ii) of this Chapter. However, ts is not to be taken less
than 3.0 mm and ty is not to be taken less than 3.5 mm.
Os, Ja, and L are as defined in 2.3.1(b)(iii)(1) of this Chapter.

(4) Lower Decks, W.T. Bulkheads, Deep Tank Bulkheads

t; =0.35,/Lg, + 1.0 mm
tyq = 0.52,/Lq, + 1.0 mm

where ts, ta, gs, 0a and L are as defined in 2.3.1(b)(ii) of this Chapter. However, t; is not to be
taken less than 3.0 mm and t is not to be taken less than 3.5 mm.

Where the use is made of special purpose aluminum extrusions or special welding techniques
are utilized the minimum plate thickness, as given in 2.3.1(b)(iii) of this Chapter, will be
specially considered based on location, purpose and material grades.

(c) Buckling Criteria
(i) Uni-axial Compression
(1) Ideal Elastic Stress

tp
op = 0-9m15(;)2 N/mm?
where:

m: = buckling coefficient as given in Table I11 2-9 of this Chapter
E = forsteel: 2.06 x 10° N/mm?

= for aluminum: 6.9 x 10* N/mm?
t, = thickness of plating mm
s = shorter side of plate panel mm
I = longer side of plate panel mm
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(2) Critical Buckling Stress
The critical buckling stress in compression, o, is determined as follows:

0. = Og when 6e< 0.5 oy
Oy
o, =0y(1— 4—05) when oe > 0.5 o,
where:
oy = Yyield stress of material N/mm?

Note: Generally the unwelded yield strength may be used, but due account
is to be made for critical or extensive weld zones.
oe = ideal elastic buckling stress calculated in 2.3.1(c)(i) of this Chapter

(3) Calculated Compressive Stress
The compressive stresses are given in the following formula:

My

o, = 10° X 7 N/mm?
where:
Ca = working compressive stress in panel being considered, but generally
not less than the following: N/mm?
175 SMg o
CQ SM, N/mm
My = maximum total bending moment as given in 2.1.1(a)(ii)(5) of this
Chapter kN-m
y = vertical distance, from the neutral axis to the considered location m
| = moment of inertia of the hull girder cm?
C,Q = applicable factor for steel or aluminum as defined in 2.1.1(a) of this
Chapter
SMgr = hull girder section modulus as required in 2.1 of this Chapter cm2-m
SMa = section modulus of the hull girder at the location being considered cm2-m

(4) Permissible Buckling Stress
The design buckling stress, o, of plate panels [as calculated in 2.3.1(c)(i)(2) of this Chapter] is
to be such that:

O-C = aa

(i) Shear for Craft 61 m in Length and Over

(1) Ideal Elastic Buckling Stress
2

ty
1z = 0.9m,E (?) N/mm?
where:
m. = buckling coefficient as given in Table Il 2-9 of this Chapter
E = forsteel 2.06 x 10° N/mm?
= for aluminum: 6.9 x 10 N/mm?
t, = thickness of plating mm
s = shorter side of plate panel mm
| = longer side of plate panel mm

(2) Critical Buckling Stress
The critical buckling stress in shear, T, is determined as follows:

Tc = Tg when 7z < 0.57,,
Ty
Tc = Ty( - E) when 7z > 0.57,,
where:
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T, = minimum shear yield stress of material N/mm?
_ O
VE]
oyw = welded yield strength of material N/mm?
g = ideal elastic buckling stress calculated in 2.3.1(c)(ii)(1) of this Chapter N/mm?

(3) Calculated Shear Stress
The working shear stress, T4, in the side shell or longitudinal bulkhead plating is to be calculated
by an acceptable and recognized method.

(4) Permissible Buckling Stress
The design buckling stress, 1¢, of plate panels [as calculated in 2.3.1(c)(ii)(2) of this Chapter] is
to be such that:

T = Tq4
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Table 111 2-9
Buckling Coefficients m; and m;

A Uniaxial Compression
1. Plates with longitudinal framing, / > s

a a
E;’ Is g
o' o'
a. for ¢ = o, mi=4
b. for ¢’ = o/3, m;=5.8

c.  Forintermediate values m; may be obtained by interpolation between a and b

2. Plates with transverse framing, / > s

o T S e

LTI
T

s !
T

o
N I
a. for o = o, m; = C,[1 + (s/1)?]?
fOf OJ = 0'/3, m1 = 145C2[1 + (S/l)Z]Z

c. For intermediate values m may be obtained by interpolation between a and b

Values of C; = 1.30 where supported by floors or deep members
1.21 where stiffeners are T-sections or angle bars
1.10 where stiffeners are bulb plates

= 1.05 where stiffeners are flat bars

B Edge Shear

F f

m, = 5.34+4(s/1)?
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(d) Waterjet Tunnels and Transverse Thruster Tubes
(i) Waterjet Tunnels

The thickness for the waterjet tunnel plating is to be not less than required by 2.3.1(b) of this Chapter,
neither is it to be less than the greater of the jet manufacturer’s recommended thickness or that obtained
from the following equation:

t=s i mm
10004,

where:
p: = maximum positive or negative tunnel design pressure, as provided by KN/m?
the jet manufacturer

s, k and o, are as given in 2.3.1(b) of this Chapter.
(i) Transverse Thruster Tunnels

The thickness of the tunnel plating for the transverse thrusters is to be not less than required by 2.3.1(b)
of this Chapter, nor less than obtained from the following equation:

t =0.008d,/Q + 3.0 mm
where:
d = inside diameter of the tunnel, but is taken as not less than 968 mm mm

Q isas givenin 2.1.1(a) of this Chapter

(e) Decks Provided for the Operation or Stowage of Vehicles

Where provision is to be made for the operation or stowage of vehicles having rubber tires, and after all other
requirements are met, the thickness of deck plating is to be not less than obtained from the following equation:

~ hwu+05mg
t= O'— mm
a

where:
W = static wheel load N
Nk = average vertical acceleration at the location under consideration as defined in 2.2.1(a)
of this Chapter
B = asgiveninFig. Il 2-11 of this Chapter
oa = design stress for decks, given in Table 11 2-8 of this Chapter N/mm?

For wheel loading, strength deck plating thickness is to be not less than 110% of that required by the above
equation, and platform deck plating thickness is to be not less than 90% of that required by the above equation.

Where the wheels are close together, special consideration will be given to the use of combined imprint and
load. Where the intended operation is such that only the larger dimension of the wheel imprint is
perpendicular to the longer edge of the plate panel, then b below may be taken as the smaller wheel imprint
dimension, in which case, a is to be the greater one.
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b /
" >
I/s I/s=1 I/s=1.4 /s > 2
/s
als 0O 02 04 06 08 1 0O 02 04 08 12 141 0 04 08 12 16 2
0 1.82 1.38 1.12 0.93 0.76 2.00 1.55 1.12 0.84 0.75 1.64 1.20 0.97 0.78 0.64

2.3.2

0.2 |1.82 1.28 1.08 0.90 0.76 0.63|1.78 1.43 1.23 0.95 0.74 0.64|1.73 1.31 1.03 0.84 0.68 0.57

0.4 139 1.07 0.84 0.72 0.62 0.52]1.39 1.13 1.00 0.80 0.62 0.55]|1.32 1.08 0.88 0.74 0.60 0.50

0.6 |1.12 0.90 0.74 0.60 0.52 0.43]1.10 0.91 0.82 0.68 0.53 0.47|1.04 0.90 0.76 0.64 0.54 0.44

0.8 ]0.92 0.76 0.62 0.51 0.42 0.36|0.90 0.76 0.68 0.57 0.45 0.40|0.87 0.76 0.63 0.54 0.44 0.38

1 0.76 0.63 0.52 0.42 0.35 0.30|0.75 0.62 0.57 0.47 0.38 0.33]0.71 0.61 0.53 0.45 0.38 0.30

Notes:
s = spacing of deck beams or deck longitudinals mm
I = length of plate pane mm
a = wheel imprint dimension, paralleled to the shorter edge, s, of the plate panel mm
b = wheel imprint dimension, parallel to the longer edge, I, of the plate panel mm
Fig. 111 2-11
Values for B

Aluminum Extruded Planking, Aluminum Sandwich Panels and Corrugated Panels

(a) Aluminum Extruded Planking

- 56 -

Extruded planking is to be reviewed similar to a conventional stiffener and plate combination. The required
thickness of the planking between stiffeners is given in 2.3.1(b) and 2.3.1(c) of this Chapter. For box and
truss type extrusion, the plate spacing is to be taken as the maximum unsupported span of plate as indicated
in Fig. 111 2-12 of this Chapter. The stiffeners on the planking are to comply with the requirements in 2.4.1(b),
2.4.1(c) and 2.4.1(d) of this Chapter. The geometry of stiffeners in box and truss type extrusions is as
indicated in Fig. 111 2-12 of this Chapter. The individual planking pieces are to be attached by continuous
welding for the main deck and can be welded intermittently for interior accommodation decks. The
intermittent weld for the interior decks is to be sized in accordance with 2.5 of Part Il for beams and stiffeners
to deck. The use of adhesives for attaching planking members used for weather coverings is to be specially
considered.
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-1
—

- A
Fig. 11 2-12

Extruded Planking

(b) Aluminum Sandwich Panels

An aluminum sandwich panel is a panel with thin aluminum skins attached to a thicker core material. These
panels are to be typically used on enclosed decks or bulkheads. Where exposed panels are proposed the
effects due to heat and the coefficients of thermal expansion are to be addressed. In general, the inner and
outer skins are to be of the same thickness. The use of aluminum sandwich panels for helicopter decks and
wheel loading will be specially considered. Aluminum sandwich panels are to comply with the equations
given below:

(i) Section Modulus of Skins

The section modulus about the neutral axis of a strip of sandwich panel, 1 cm wide is not to be less than
the following equation:

s?pk ,
SM = e x10%0, cm
where:
s = spacing of the shell or deck longitudinals or superstructure, deckhouse or mm
bulkhead stiffener. It is always to be the lesser dimension of the unsupported
plate panels
p = design pressure, given in 2.2 of this Chapter kN/m?
k = coefficient varying with plate panel aspect ratio, given in Table I11 2-7 of this
Chapter
oa = design stress, given in Table 111 2-8 of this Chapter kN/m?

(i) Moment of Inertia of Skins

The moment of inertia about the neutral axis of a strip of sandwich panel, 1 cm wide is not to be less
than the following equation:

s’pky 4
I =T20% 105 024 cm
where:

s = spacing of the shell or deck longitudinals or superstructure, deckhouse or
bulkhead stiffener. It is always to be the lesser dimension of the unsupported
plate panels mm

p = design pressure, given in 2.2 of this Chapter

ki = coefficient varying with plate panel aspect ratio, given in Table 111 2-7 of this
Chapter

E = foraluminum: 6.9 x 10* N/mm?

(iii)  Core Shear Strength
The thickness of core and sandwich is to be not less than given by the following equation:
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do+d.  vps
2 10007 mm
where:
do = overall thickness of sandwich mm
d. = thickness of core mm
v = coefficient varying with plate panel aspect ratio, given in Table 11 2-12 of this
Chapter
S = lesser dimension of plate panel mm
p = design pressure, as defined in 2.2 of this Chapter KN/m?
T = design stress, as shown in Table 111 2-13 of this Chapter N/mm?
(iv)  Testing

(©)

233

(@)

(b)

- B8 -

The core material and the attachment of the skins to the core are to be tested in accordance with the
requirements of Rules and Regulations for the Construction and Classification of Ships of Fibreglass
Reinforced Plastics 2019.

(V) Attachment

Typically, beams and stiffeners are not to be considered as effectively attached. Panels are not to be
welded to unless the possible damage from heat is addressed. The panels are to be bolted to surrounding
structure. The use of adhesives will be specially considered.

Corrugated Panels
0] Plating
The plating of corrugated panels is to be of the thickness required by 2.3.1(b) of this Chapter with the

following modification. The spacing to be used is the greater of dimensions a or c as indicated in Fig.
111 2-15 of this Chapter.

Fiber Reinforced Plastic

General

The shell, decks and bulkheads may be either single skin or sandwich construction. Where both are used, a
suitable transition is to be obtained between them with a minimum 12:1 taper ratio.

The bottom shell is to extend to the chine or upper bilge turn. A suitable transition is to be obtained between
the bottom and side shell plating. The shell thickness in way of the keel is to be 50% greater and in way of
shaft struts and skegs is to be 100% greater than the thickness required by 2.3.3(c)(i) or 2.3.3(c)(ii) of this
Chapter, as applicable. For this purpose, pressure Py as obtained from 2.2.1(a) or 2.2.2(a) of this Chapter and
actual frame spacing at the location of the member are to be used for 2.3.3(c)(i) of this Chapter. Suitable
framing reinforcement is to be provided in way of shaft struts. Bow thruster tube thickness is to be equivalent
to the surrounding shell thickness.

The shell, deck or bulkhead laminates may be bi-directional (having essentially same strength and elastic
properties in the two in-plane principal axes of the shell, deck or bulkhead) or uni-directional (having
different strength or elastic properties in the two principal axes of the shell, deck or bulkhead panels).
Bonding angles or tapes are to have essentially same strength and elastic properties as the plating laminate
being bonded, and are in general to be in accordance with 2.6 of this Chapter.

Fiber Reinforcement

The basic laminate given in Part Il, Chapter 1 or other approved laminate of glass, aramid or carbon fiber in
mat, woven roving, cloth, knitted fabric or non-woven uni-directional reinforcing, plies may be used.
Equivalent strength and thickness of other than E-glass base laminate is to be assessed in a laminate stack
program on the basis of first ply failure. For the shell and deck a sufficient number of plies are to be laid-up
with the warp in the 0° (longitudinal) axis. Warp and fill directions are to be aligned parallel to the respective
edges of the shell and deck panels as closely as practicable. Depending on the directionality and fiber
orientation of these plies, other plies may be required or permitted in the 90° (transverse) axis; reinforcing
plies in other axes such as +45° (diagonal) may also be used, when approved.
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Where the strength and stiffness in the two principal axes of the panel are different, panel bending in each of
the panel principal axes is to be considered. See 2.3.3(c)(ii) and 2.3.3(d)(ii) of this Chapter.

(c) Single Skin Laminate
(i) With Essentially Same Properties in 0° and 90° Axes
The thickness of the shell, deck or bulkhead plating is to be not less than given by the following

equations:
(1) All plating
t=sc pk mm
10000,
(2) All plating
t= SC3 p—kl mm
1000k, Ex

(3) Strength deck and shell

t=ks(c; +0.26L)\/q;  mm

L is generally not to be taken less than 12.2 m.
(4) Strength deck and bottom shell

_5 |06, [SMy
"kl E fsm, ™

where:
S = spacing of the shell or deck longitudinals or superstructure, deckhouse
or bulkhead stiffeners. It is always to be the lesser dimension of the
unsupported plate panels mm
c = factor for plate curvature in the direction parallel to s, given by (1 —
AJs), but is not to be taken less than 0.70
A = distance measured perpendicular from the chord length, s, to the
highest point of the curved plate arc between the panel edges mm
p = design pressure given in 2.2 of this Chapter
kork; = coefficient varying with plate panel aspect ratio, given in Table Il 2-7
of this Chapter
Kp = 2.5 with longitudinal framing
= 2.5 with transverse framing and panel aspect ratio of 1.0
= 1.0 with transverse framing and panel aspect ratio 2.0 to 4.0
Oa = design stress given in Table 111 2-10 of this Chapter
ka2 = for bottom plating: 0.015 for patrol boats and similar service craft,
0.01 for other craft
= for side plating: 0.020 for patrol boats and similar service craft, 0.015
for other craft
= for superstructures and deckhouse fronts: 0.025
= for other plating: 0.010
Er = flexural modulus of laminate, in the direction parallel to s N/mm?
01 = 170/F
L = craft length, as defined in 1.1.2 of this Part m
C1 = 57 mm
ks = 1.2 for bottom shell structure
= 1.0 for side shell and deck structure
E. = compressive modulus of elasticity N/mm?
F = minimum flexural strength of laminate N/mm?
Ouc = minimum compressive strength of laminate N/mm?
SMRg = required hull-girder section modulus given in 2.1 of this Chapter
SMa = proposed hull-girder section modulus of midship section
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Table 111 2-10
Design Stresses for FRP, 6.
Bottom Shell 0.330y
Side Shell 0.330y
Decks 0.330y
Superstructure and Deckhouses — Front, Side, Ends and Tops 0.330y
Tank Bulkheads 0.330y
Watertight Bulkheads 0.500,
For single skin laminates:
oy = minimum flexural strength N/mm?
For sandwich laminates:
ou = forshell or deck outer skin, minimum tensile strength N/mm?
oy = forshell or deck inner skin, minimum compressive strength N/mm?
ou = for bulkheads, lesser of tensile or compressive strength N/mm?

Note: oy is to be verified from the approved test results. See 1.6 of Part II.
(i)  With Different Properties in 0° and 90° Axes

For laminates with different strength and elastic properties in the 0° and 90° axes where the strength is
less or the stiffness greater in the panel direction perpendicular to s, the thickness is to be also not less
than given by the following equations:

1
t=sc _Pks mm
10000,
(2)
t= pk;  +|E
=5 [1000a, |[E, ™
where:
ks, Ki = coefficient for plate panel aspect ratio, given in Table 111 2-11 of this
Chapter
Oas = design stress, given in Table 111 2-10 of this Chapter, based on
strength properties in the direction parallel to s
Es = flexural modulus of laminate, in the direction parallel to s N/mm?
Gl = design stress, given in Table 111 2-10 of this Chapter, based on
strength properties in the direction perpendicular to s
Ei = flexural modulus of laminate, in the direction perpendicular to s N/mm?
s, ¢ and p are as defined in 2.3.3(c) of this Chapter.
Table 111 2-11
Aspect Ratio Coefficient for Isotropic Plates
(U/s)3[EJ/E, Ks ki
>2.0 0.500 0.342
2.0 0.497 0.342
1.9 0.493 0.342
1.8 0.487 0.342
1.7 0.479 0.342
1.6 0.468 0.342
1.5 0.454 0.342
1.4 0.436 0.342
1.3 0.412 0.338
1.2 0.383 0.333
1.1 0.348 0.323
1.0 0.308 0.308
- 60 - CR CLASSIFICATION SOCIETY

RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART III CHAPTER 2
2.3 Plating

(d) Sandwich Laminate
(i) Laminate with Essentially Same Bending Strength and Stiffness in 0° and 90° Axes

In general the outer and inner skins are to be similar in lay-up and in strength and elastic properties.
Special consideration will be given where this is not the case. In general, single skin laminate is to be
used in way of the keel and in way of hull appendages such as shaft struts, skegs and rudders and in way
of deck fittings, bolted connections, and other areas of concentrated local loads.

The section modulus and moment of inertia about the neutral axis of a strip of sandwich panel, 1 cm
wide are to be not less than given by the following equations:

1
(sc)’pk
SM, = ——+— 3
° =6 x 1050, cm
)
(sc)*pk
SM; = ————F— 3
1~ 6 x 1050, cm
3
(sc)’pk,
= cm*
120 X 103k, E,,
where:
SM, = required section modulus, to outer skin cm®
SM; = required section modulus, to inner skin cm®
| = required moment of inertia cm*
o = design stress, for outer skin, given in Table 111 2-10 of this Chapter, based
on strength of outer skin in direction parallel to s
Cai = design stress, for inner skin, given in Table 111 2-10 of this Chapter, based
on strength of inner skin in direction parallel to s.
Ecxe = 05(Ec+E)
Ec = mean of compressive moduli of inner and outer skins N/mm?
E: = means of tensile moduli of inner and outer skins N/mm?

s, C, p, K, ki and k; are as defined in 2.3.3(c) of this Chapter.
(i) Laminates with Different Bending Strength and Stiffness in 0° and 90° Axes

Where the strength is less or the stiffness greater in the direction perpendicular to s, the section modulus
and moment of inertia about the neutral axis of a strip of sandwich, 1 cm wide are also to be not less
than given by the following equations:

(1) Indirection parallel to s

sc)?pk
SM, = (sc)“pks

=~ ant . cm?®
6 X 10505,

(2) Indirection parallel to |

(sc)?*pk
sM, =2 P EUE o

" 6 x 1050,
(3) Indirection parallel to s

2
k
SM, = (sc)*pks

= Cm3
6 X 1050asi

(4) Indirection parallel to |

sc)?pk
SMi_—( ) Py VE/E;s cm?

"~ 6% 1050,

(5) Indirection parallel to s

_ (sc)?pk,
120 x 105k, E,
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(iii)

where:

SM, =  required section modulus, to outer skin cm®

SM; =  required section modulus, to inner skin cm®

ki, Ks =  modified coefficient for plate panel aspect ratio, given in Table 111 2-
11 of this Chapter

Gaso =  design stress, for outer skin, given in Table 11l 2-10 of this Chapter,
based on strength properties in direction parallel to s.

Galo =  design stress, for outer skin, given in Table 11l 2-10 of this Chapter,
based on strength properties in direction perpendicular to s.

Gasi =  design stress for inner skin, given in Table 111 2-10 of this Chapter,
based on strength properties in direction parallel to s.

Gali =  design stress, for inner skin, given in Table 11l 2-10 of this Chapter,
based on strength properties in direction perpendicular to s.

Es = 0.5 (Es+Ec)

E, = 0.5 (Eu + Ec|)

Es, Ecs =  respectively, mean of tensile moduli of inner and outer skins, and
mean of compressive moduli of inner and outer skins, in direction
parallel to s N/mm?

Eu, Ea =  respectively, mean of tensile moduli of inner and outer skins, and
mean of compressive moduli of inner and outer skins, in direction
parallel to | N/mm?

S, C, p, K1, k2 and Eic are as defined in 2.3.3(c) of this Chapter.
Shear Strength

The thickness of core and sandwich laminate is to be not less than given by the following equation.
Special consideration will be given where cores differing from those in Chapter 1 of Part 11 are proposed.
See also 2.3.3(d)(v) of this Chapter for minimum thickness of skin.

do+d.  vps

2 10007 mm
where:

do = overall thickness of sandwich, excluding gel coat mm

dc = thickness of core mm

v = coefficient varying with plate panel aspect ratio, given in Table I11 2-12 of this
Chapter. Where the elastic properties of the skins are different in the principal
axes, v is to be taken not less than 0.5

S = lesser dimension of plate panel mm

p = design pressure, as defined in 2.2 of this Chapter kN/m?

design stress, as shown in Table 111 2-13 of this Chapter ~ N/mm?
Where cores are scored to facilitate fitting, the scores are to be filled with putty or resin.

The density of polyvinyl chloride foam cores in the shell plating is to be not less than given in the
following table:

T

. Density Minimum Density
Location kg/m? kg/m?
Bottom forward of 0.4Lw.; V>25kts 4d. 120
Bottom forward of 0.4Lw.; V< 25kts 4d. 100
elsewhere; V=>25kts 3d. 100
elsewhere; V< 25kts 3dc 80
Side forward 0.4Lw. 2.5d. 100
elsewhere 2.0d. 80
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Table 111 2-12
Coefficient v for FRP Sandwich Panels Shear Strength
Plate Panel Aspect Ratio I/s v
>2.0 0.500
2.0 0.500
1.9 0.499
1.8 0.499
1.7 0.494
1.6 0.490
15 0.484
1.4 0.478
1.3 0.466
1.2 0.455
1.1 0.437
1.0 0.420
S = shorter edge of plate panel mm
I = longer edge of plate panel mm
Note:

(1) Values of v less than 0.5 may be used only where the
inner and outer skins have essentially the same
strength and elastic properties in the 0° and 90° axes.

Table 111 2-13
Core Shear Design Strength
Core Material Design Core Shear Strength
Balsa Wood 0.37,
PVCW® 0.4z,

Note:

(1) May be taken as 0.55t, where sheer elongation
exceeds 40%.
Ty = minimum core shear strength N/mm?

(iv)  Skin Stability
The skin buckling stress o¢, given by the following equation, is in general to be not less than 2.0c, and
2.0(530.

0. =0.63/Es - E,. - G

where:
Es = compressive modulus of skins, in 0°and 90° in-plane axis of panel N/mm?
Ecc = compressive modulus of core, perpendicular to skins N/mm?
Gee = core shear modulus, in the direction parallel to load N/mm?

(v) Minimum Skin Thickness

After all other requirements are met, the skin thicknesses of laminates complying with basic laminate
requirements of Chapter 1 of Part Il are in general to be not less than given by the following equations:

t,s = 0.35k3(C; + 0.26L) mm
t;s = 0.25k5(C, + 0.26L) mm
where:
tes = thickness of outer skin mm
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tis = thickness of inner skin mm
ks = 1.2 bottom shell
= 1.0 side shell and deck
Ci = 57mm
L = craftlength, as defined in 1.1.2 of this Part, generally not to be taken as less
than 12.2 m m

(vi)  Wheel Loading

Special consideration will be given to the required thickness where provision is made for the operation
or stowage of vehicles having rubber tires after all other requirements are met.

2.3.4  Plating Subject to Specific Payloads

A first principles analysis is to be performed for all plates that are subject to a specific load. The maximum stresses and
deflections in these plates are not to exceed the stresses given in Table I11 2-14 of this Chapter.

Table 111 2-14
Maximum Stresses
Steel Aluminum FRP
o )
Human Load 0.33c, 0.01s
Helicopter Decks® Overall Dist. Loading 0.65, 0.60y See Note (1) | See Note (1)
Landing Impact Loading oy Oy See Note (1) | See Note (1)
Stowed Aircraft Loading oy Oy See Note (1) | See Note (1)
o, = yieldstrength of steel N/mm?
oyw = welded yield strength of aluminum N/mm?
S = panel spacing
For single skin laminates:
o, = minimum flexural strength N/mm?
For sandwich laminates:
o, = forshell or deck outer skin, minimum tensile strength N/mm?
o, = forshell or deck inner skin, minimum compressive strength N/mm?
o, = forbulkheads, lesser of tensile or compressive strength N/mm?
oy is to be verified from the approved test results, see 1.6 of Part I1.
Notes:
(1) Composites will be specially considered for use in this location.
2 The minimum plate thickness is generally not to be less than obtained from the following:
Beam Spacing ts ta
460 mm 4.0 mm 0.9t,,/Q
610 mm 5.0 mm 0.9t,,/Q
760 mm 6.0 mm 0.9t,,/Q
ts = required thickness for steel
ta =  required thickness for aluminum
Q = material factor as defined in 2.1.1(a) of this Chapter
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2.4  Framing

2.4.1  Aluminum and Steel

(a) General

Structural arrangements and details are to be in accordance with 2.5 and 2.6 of this Chapter. The scantlings
given in this section are minimum values. Direct analysis may be specifically required by the Rules or may

be submitted by designers in support of alternative arrangements and scantlings.

(b) Strength and Stiffness
(i) Section Modulus

The ends of members are to be effectively attached to the supporting structure. The section modulus of
each longitudinal, stiffener, transverse web, stringer and girder is to be not less than that given by the

following equation:

83.3 x psl?
SM=———— cm®
Ua
where:

p = design pressure, as given in 2.2.1 or 2.2.3 of this Chapter kN/m?
s = spacing, of the longitudinal, stiffener, transverse web or girder, etc. m
I = length, of the longitudinal, stiffener, transverse web or girder, between supports;

where bracketed end connections are supported by bulkheads, | may be

measured onto the bracket, the distance as given on Il 2-13 of this Chapter,

provided both bracket arms are about the same length. Where transverse

members span chines or "knuckles,” | is to be measured as shown in Fig. 111 2-

13 and Fig. 11l 2-14 of this Chapter m
o, = design stress, as given in Table 11l 2-15 of this Chapter N/mm?

Stiffeners without end attachments are permitted on watertight bulkheads provided the section modulus
is increased by 50%, and provided the bulkhead plating and boundary can transmit the shear forces on

the stiffeners.
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deck at side

h for side
frames

l middleof 7

 knuckle is credited
as a point of support
when 0 < 150°

Fig. 111 2-13
Transverse Side Frame

deck at side

r'y

h for side
frames

¢ middle of 7

™ knuckle is not credited
as a point of support
when 0 >150°

Fig. 111 2-14
Transverse Side Frame
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Table 111 2-15
Design Stress, o,

Location Steel and Aluminum FRP

Bottom Longitudinals — Slamming Pressure 0.650, 0.33c,
Bottom Longitudinals — Sea Pressure 0.50c, 0.40c,

Side Longitudinals — Slamming Pressure 0.60c, 0.40c,

Side Longitudinals — Sea Pressure 0.50c, 0.40c,

Deck Longitudinals — Strength Decks 0.330, 0.40c,

Deck Longitudinals — Other Decks 0.400, 0.40c,

Wet Deck Longitudinals 0.750, 0.40c,
Bottom Transverses and Girders — Slamming Pressure 0.80c, 0.33c,
Bottom Transverses and Girders — Sea Pressure 0.600, 0.330,

Side Transverses and Girders — Slamming Pressure 0.80c, 0.33c,

Side Transverses and Girders — Sea Pressure 0.600, 0.330,

Deck Transverses and Girders — Strength Deck 0.75c, 0.33c,

Deck Transverses and Girders — Other Decks 0.75c, 0.33c,

Wet Deck Transverses and Girders 0.750, 0.330,
Watertight Bulkheads 0.850, 0.50c,

Tank Bulkheads 0.60c, 0.33c,
Superstructure and Deckhouse 0.70c, 0.33c,

6, = minimum yield strength, unwelded condition N/mm?

For aluminum, minimum yield stress, welded condition
o, = ultimate tensile strength N/mm?
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(i)

Moment of Inertia

The moment of inertia of each longitudinal, stiffener, transverse web, stringer or girder, including the
plating to which it is attached, is to be not less than given by the following equation:

_ 260psl®

4
K.E mm

where
Ks = for shell and deep tank girders, stringers and transverse webs, constructed of steel.
= for deck girders and transverses constructed of steel.
= 0.0021 for shell and deep tank stringers and transverse webs constructed of aluminum.
= 0.0018 for deck girder and transverses constructed of aluminum.
E = 206x10° for steel N/mm?
=  6.9x 10 for aluminum N/mm?

p, s and I are as given in 2.4.1(b)(i) of this Chapter.

(c) Elastic Buckling of Longitudinal Members

The moment of inertia of the deck or shell longitudinal together with attached plating is not to be less than
to satisfy the following criteria:

- 68 -

(i)

(i)

Axial Compression

The critical buckling stress o 0of a beam-column (i.e., the longitudinal and the associated effective
plating) with respect to axial compression may be obtained from the following equation:

_El, ,
O = LAl N/mm

where:
E = asdefined in 2.4.1(b)(ii) of this Chapter
la. = moment of inertia, of longitudinal, including plate flange cm?
¢t = 1000
A = cross-sectional area, of longitudinal, including plate flange cm?
I = span of longitudinal m

Torsional/Flexural Buckling

The critical torsional/flexural buckling stress with respect to axial compression of a longitudinal
including its associated plate may be obtained from the following equation:

= ”2E1W< 2+K>+0385E1t 2
% = 10c, 1,12\ Tmz) TSR N/mm
where:
¢ = 1000
B cl*
- %,
m = lfor0<K<4
= 2for4<K<36
= 3for36<K<144
= 4 for 144 <K <400
E = asdefined in 2.4.1(b)(ii) of this Chapter
C2 = 10
It = St. Venant’s moment of inertia, in cm*, of profile (without plate flange)
3
= Py iy for flat bars (slabs)
1 3 3 tr .
= 3 hyty, + bet7 | 1 — 0.63b— for flanged profiles
f
C3 = 10'4
I, = polar moment of inertia, of profile about connection of stiffener to plate cm?
3
= ¢ h"gw for flat bars (slabs)
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Rty _
= |3 + hybete for flanged profiles
lw = warping constant, of profile about connection of stiffener to plate cm®
3 4+3
= o h‘évéw for flat bars (slabs)
trb2h?
= o LLX for "Tee" profiles
12
bﬁha/ 2 2
= c—————5[tp(b} + 2bsh,, + 4h},) + 3t,behy, | for angles and bulb profiles
12(bs + hy,)
Ca = 106
hw = web height mm
tw = web thickness mm
br = flange width mm
ts = flange thickness mm
| = span of member m
C = spring stiffness exerted by supporting plate panel
k,Et
= N
= 1.33kphy,t3
3s (1 + —5:3/ ”)
S = spacing of member mm
tp = plate thickness mm
kp = 1 > notto be taken less than zero
For flanged profiles k, need not be taken less than 0.1.
a
o=,
o, = calculated compressive stress
For longitudinals, members see 2.4.1(c)(iv) of this Chapter
og, = elastic buckling stress of supporting plate as calculated in 2.3.1(c)(i)(1) of this
Chapter

Critical Buckling Stress
The critical buckling stress in compression, o, is determined as follows:

Oc = 0g when oe<0.5 oy
Ty
Oc = Uy( - E) when ce> 0.5 oy
where
o, = yieldstrength of material N/mm?
Note:

Generally the unwelded yield strength may be used, but due account is to be made for
critical or extensive weld zones.

og = ideal elastic buckling stress calculated in 2.4.1(c)(i) of this Chapter
Calculated Compressive Stress
M
o, = 105 x Tty N/mm?
where:
Ca = working compressive stress in panel being considered, but generally not less
than the following: N/mm?
175 SMg N
0 SM, mm
My = maximum total bending moment as given in 2.1.1(a)(ii)(5) of this Chapter kN-m
y = vertical distance, from the neutral axis to the considered location m
| = moment of inertia of the hull girder cm?
SMgr = hull girder section modulus, as required in 2.1 of this Chapter cm2-m
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SMa
Q

section modulus of the hull girder at the location being considered cm?-m
material factor as given in 2.1.1(a) of this Chapter

(v) Design Buckling Stress
The design buckling stress, o, is to be such that:

JC Zﬁaa

where:

B

(1) Flat bars

1.10 for the web plating of members
1.20 for overall buckling of members

(vi)  Web and Flange Buckling
Local buckling is considered satisfactory provided the following proportions are not exceeded.

dy/tw < 0.5(E/a,)"/?C,

(2) Built-up Sections, Angle Bars and Tee Bars

dy/tw < 1.5(E/a,)"/*C,

(3) Bulb Plates

dy/tw < 0.85(E/0,)/2C,

(4) Outstanding Face Bars and Flanges

dy/ty < 0.5(E/a,)V/2C,

d, d,
] N
where:

tw = total required thickness mm

dw = depth of the web mm

E = asdefined in 2.4.1(b)(ii) of this Chapter

o, = Yyield strength of material N/mm?
Note:
Generally the unwelded yield strength may be used, but due account is to be made for
critical or extensive weld zones.

C: = 1 where o,>0.800,

where c,<0.80c,, and o, is to be taken not less than 0.55¢,

For Webs and flanges that do not satisfy these limits, a detailed analysis of buckling strength
using an acceptable method is to be submitted for review.

(d) Corrugated Panels

- 70 -

CR CLASSIFICATION SOCIETY
RULES FOR THE CONSTRUCTION AND CLASSIFICATION OF HIGH-SPEED CRAFT 2021



PART III CHAPTER 2
2.4 Framing

(i) Stiffeners

The section modulus, SM, for corrugated bulkhead is to be not less than that obtained by the
requirements in 2.4.1(b) of this Chapter with | being the distance between supporting members in m,
and s is equal to a + b where a and b are as defined in Fig. 111 2-15 of this Chapter, in m.

The developed section modulus, SM, may be obtained from the following equation, where a, t, and d
are as indicated in Fig. 111 2-15 of this Chapter.

SM = td?/6 + (adt/2)

—b % a

Fig. 111 2-15
Corrugated Bulkhead

(i) End Connections

The structural arrangements and size of welding at the ends of corrugations are to be designed to develop
the required strength of corrugation stiffeners. Joints within 10% of the depth of corrugation from the
outer surface of corrugation, di, are to have double continuous welds with fillet size, w, not less than
0.7 times the thickness of the bulkhead plating or penetration welds of equal strength (Fig. 111 2-16 of

this Chapter).
t
v
T 7 N
dl A
v N—1—

Fig. 111 2-16
Corrugated Bulkhead End Connections

(e) Web Thickness

The thickness of the webs of structural members is not to be less than that determined by the following
equation:

(i) Webs
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d, |o
t=- ’_y
C 04
where:
tw = total required thickness mm
dw = depth of the web mm
C = 70 for steel members mm
= 50 for aluminum members
g; = 235 for steel members N/mm?
= 127.6 for aluminum members N/mm?
The web thickness is also not to be less than the following:
_ 1000psl
©2d,T1, mm
where:
t = total required thickness mm
p = design pressure, as given in 2.2 of this Chapter kN/m?
S = width of shell or deck supported by the member m
| = length of member m
dw = depth of the web mm
T, = design shear stress N/mm?
= 0.5ty for steel structure and 0.5t,,, for aluminum structure N/mm?
For bottom primary structure 0.75t, or 0.751,,,.
T, = minimum shear, unwelded condition N/mm?
T,w = Mminimum shear yield strength, welded condition N/mm?
(f) Attachments

(9)

(h)

72 .

(i) Lug Attachments

The lug weld attachment of the longitudinals to the transverse webs are to have total weld throat area
not less than the following equations:

_ 1000psl ,
Ay = T mm
where:
a, = twxly
tw = weld throat mm
lw = total length of weld mm
p = design pressure, as given in 2.2 of this Chapter KN/m?
S = width of shell or deck supported by the member m
| = length of member m
t, = design sheer stress, as defined in 2.4.1(e)(i) of this Chapter N/mm?

(i) End Attachments

The welded end attachments of members, including bracket connections, are to develop the required
strength of the member being attached, considering the member as fix ended.

Direct Analysis Methods

Local structure may be designed using advanced analysis techniques such as non-prismatic beam, grillage,
and finite element analysis. The requirements for the use of these types of analysis techniques are in 1.3 of
this Part.

Decks Exposed to Vehicle Loads

All longitudinals, beams, and girders of decks that are subject to vehicle loads are to be checked under all
possible combinations of these loads. The maximum allowable design stress for these members are given in
Table 111 2-15 of this Chapter.
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(i) Tripping Brackets and Stiffeners
Tripping brackets are to be fitted on girders and transverses at a spacing of about 3 m. Stiffeners are to be
fitted as may be required.
2.4.2  Fiber Reinforced Plastic
(a) General
The structural arrangements and details are to be in accordance with 2.5 and 2.6 of this Chapter. Laminates
may be bi-directional or uni-directional. Bonding angles or tapes are to comply with 2.5 of this Chapter.
Laminates of webs, crowns and face bars of stiffeners, transverses and girders may be bi-directional, or multi-
axial. Uni-axial caps may be used in the crowns and face bars of these members. In general, the tapes bonding
the members, and their secondary bonds, are to develop the strength of the member being attached.
(b) Fiber Reinforcement
The basic laminate given in Part 11, Chapter 1, or other approved laminates of glass, aramid, or carbon fiber,
in mat, woven roving, cloth, knitted fabric, or non-woven uni-directional reinforcing plies may be used. The
plies are in general to be laid-up parallel to the direction of the internal. The strength of the laminate in a
direction perpendicular to the direction of the internal is in general not to be less than 25% of the warp
strength except for the uni-directional caps of the flange or crown of the internal members. In way of
continuous longitudinal members, the required section modulus, shear area and moment of inertia of
transverse members are to be maintained by the shell or deck plating and that part of the transverse member
that is continuous over the longitudinal member.
Where higher strength or higher modulus plies are used in the flange or crown of the internal, it may be
advisable to provide similar higher strength, higher modulus local plies in the shell or deck plating, in the
direction parallel to the internal to balance the strength and stiffness of the high strength and high modulus
plies in the flange or crown of the internal.
(c) Strength and Stiffness
0] Section Modulus
The section modulus of each longitudinal, stiffener, transverse web and girder including the plating to
which it is attached is to be not less than given by the following equation:
83.3 x psl?
SM=———— cm®
aa
where p, s, | and o, are defined in 2.4.1(b) of this Chapter.
Where the shell, deck or bulkhead plating, and the webs and flange and crown of the member are of
different strength or elastic property plies, consideration is to be given to the effect of the different
moduli plies in calculating the moment of inertia and section modulus; the required section modulus is
to be considered for each different strength laminate of the member.
(i) Moment of Inertia
The moment of inertia of each longitudinal, stiffener, transverse web, stringer or girder, including the
plating to which it is attached, is to be not less than given by the following equation:
_ 260psl® .
= K,E cm
where:
Ks = forshell and deep tank girders, stringers and transverse webs.
= 0.004 fordeck girders and transverses.
= 0.010 for all other members.
E = tensile or compressive modulus representative of the basic value used in the
moment of inertia calculation N/mm?
p, s and I are as given in 2.4.1(b) of this Chapter.
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(d)

(e)

243

(@)

(b)

(©
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(iii) ~ Shear Area
The web area, A, of the member is to be not less than that given by the following equation:

1000psl
A=—F1p— mm?
2t
where:
A = netweb area, at location being considered mm?
t = design shear stress, to be taken not greater than 0.4t N/mm?
T, = lesser of ultimate shear strength, in either warp or fill of the web laminate N/mm?

p, s and I are as given in 2.4.1(b) of this Chapter.

Consideration will be given to determining the web area using more detailed methods of determining
the shear stress in the web at the neutral axis of the member.

Proportions
The thickness of webs and flanges are to be in accordance with 2.6 of this Chapter.

Buckling

0] Single Skin Laminate
Where single skin laminate members are subject to in-plane compressive loading likely to cause axial
overall or local buckling, design calculations are to be submitted to show the margin against buckling
failure.

(i) Sandwich Laminates

Where sandwich laminate members are subject to in-plane compressive loading, likely to cause axial
overall or local buckling of the sandwich, or of the sandwich skins, design calculations are to be
submitted to show the margin against buckling failure.

Stanchions

General

The structure under stanchions is to be of sufficient strength to distribute the loads effectively. Stanchions
between each tier of decks shall be alligned to each other as far as practicable; where this is not practicable,
effective means are to be provided for transmitting the loads to the structure below. Stanchions in double
bottoms and under the tops of deep tanks are to be metal and solid in cross section. Stanchions are in general
not to be used in the bottom or double bottom structures where subject to high impact loads in service.

Stanchion Analysis

The load, W, on a given stanchion is to be developed from the end reaction from the girders that the stanchion
supports. These end reactions are to be developed considering the design pressure for the deck in which they
are located plus any point loads from stanchions located on the girder. When cascading the stanchion loads
through the structure, the analysis is to consider the load from the deck directly above the stanchion plus the
loads from all complete decks and one-half the load from all partial or deckhouse decks. The requirement in
2.4.3(c) of this Chapter is given for a simple stanchion that will only need to support the deck directly above.
In general, stanchions are to have sectional area not less than 1.015W cm? where the stanchions are subject
to tension loads.

Stanchion Load
The load on a stanchion is to be obtained from the following equation:

W = pbs kN
where:
W = load kN
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= mean breadth, of area supported m
s = mean length, of area supported m
= design pressure, as given in 2.2 of this Chapter KN/m?

(d) Permissible Load

The load a stanchion may carry is to be equal to or greater than the load on the stanchion obtained in 2.4.3(b)
of this Chapter. This permissible load is to be obtained from the following equations:

(i) Steel Stanchions
Wo = (k —nl/r)A kN
(i)  Aluminum-Alloy Stanchions

W, = (10.00 — 5.821/r)Ac, /165 KN

where:

W, = permissible load kN
k = 12.09 ordinary strength steel

= 16.11 HT32 strength steel

= 18.12 HT36 strength steel
n = 4.44 ordinary strength steel

= 7.47 HT32 strength steel

= 9.00 HT36 strength steel
r = least radius of gyration of stanchion cm
A = areaof stanchion cm?
| = unsupported length of stanchion m
6, = minimum yield strength of welded aluminum under consideration N/mm?

The adoption of aluminum test values higher than given in Part I, Chapter 2 will be subject to special
consideration.

(e) FRP Stanchions
FRP stanchions will be subject to special consideration.

(f) Support by Bulkheads

Bulkheads supporting girders or bulkheads fitted in lieu of stanchions are to be stiffened to provide support
not less effective than required for stanchions.

2.4.4  Internals Subject to Specific Payloads

A first principles analysis is to be performed for all internals that are subject to a military mission load. The maximum
stresses in these plates are not to exceed the values as given in Table 11l 2-16 of this Chapter.
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