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RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS

Part CSR-T COMMON STRUCTURAL RULES FOR DOUBLE HULL OIL
TANKERS

Section 1 INTRODUCTION

1. Introduction to Common Structural Rules for Oil Tankers

1.1 General

1.1.1 Applicability
1.1.1.1 This Part apply to double hull oil tankers of 150m length, Lcsg-1, and upward classed with the Society and contracted for
construction) on or after 1 April 2006 but before 1 July 2015. The definition of the rule length, Lesg., is given in Section 4/1.1.1.1.
1.1.1.2  Generally, for double hull tankers of less than 150m in length, Lcsz-7, the Rules of the Society are to be applied.
1.1.1.3  Ships contracted for construction before the effective date of this Part are to comply with the Rules of the Society.
Note
The “contracted for construction” date means the date on which the contract to build the vessel is signed between the prospective
owner and the shipbuilder. For further details regarding the date of “contracted for construction”, see IACS Procedural
Requirement (PR) No. 29.

1.2 Application of the Society’s Rules

1.2.1 Regions of the Ship which this Part Does Not Cover

1.2.1.1 Forregions ofthe structure which this Part does not cover, the relevant requirements ofthe Society’s Rules are to be applied.
1.3 Guidance on Rule Structure

1.3.1 Framework

1.3.1.1 This Part is structured in Sections giving instructions for detailed application and requirements which are applied in order
to satisfy the Rule objectives. The acceptable procedures for the structural analysis required by this Part are given in the Appendices.

1.3.2 Numbering and Cross-references

1.3.2.1 The system for numbering of Sections and Sub-Sections is given in Table 1.1.1.
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Table 1.1.1  Section Numbering
Order | Levels Example
1 Section name (displayed in the header) SECTION 1 — INTRODUCTION
2 Sub-Section 1 INTRODUCTION TO THE COMMON STRUCTURAL...
3 Sub-Section 2 1.1  General
4 Sub-Section 3 1.1.1 Development of the rules
5 Paragraph number 1.1.1.1 An important part of the classification process is the
development of rule...

1.3.2.2 The system for the numbering of Tables and Figures is given in Table 1.1.2.

Table 1.1.2  Numbering of Tables and Figures
Table location in document Example of numbering
Section 5, Sub-Section 1, 2nd table in sub-section Table 5.1.2
Section 1, Sub-Section 12, 5th table in sub-section Table 1.12.5
Section 10, Sub-Section 4, 3rd table in sub-section Table 10.4.3
Figure location in document
Section 5, Sub-Section 1, 2nd figure in sub-section Fig. 5.1.2
Section 1, Sub-Section 12, Sth figure in sub-section Fig. 1.12.5
Section 10, Sub-Section 4, 3rd figure in sub-section Fig. 10.4.3

1.3.2.3 Cross-references are given in bold throughout the document.

1.3.2.4 Cross-references within a Section (local) are represented as a Sub-Section or Paragraph number, e.g. 4.2 or 4.2.1.1. See

Table 1.1.3.

1.3.2.5 Cross-references outside a Section (global) are represented as Section no./Sub-Section or Paragraph number, e.g. Section

4/2.1.1.3. See Table 1.1.3.

Table 1.1.3

How Cross-References are Applied

Location of reference

Example of cross-reference

Local (within a Section)

Text in Sub-Section 4.2 See 4.2 in 4.2
Text in Sub-Section 6.2.2 See 6.2.2 in 6.2.2
Text in Paragraph 5.1.2.1 See 5.1.2.1 in 5.1.2.1

Global (outside a section)

Text in Section 6, Sub-Section 4.2

Section 6/4.2

Text in Section 6, Sub-Section 6.2.2

Section 6/6.2.2

Text in Section 6, Paragraph 5.1.2.1

Section 6/5.1.2.1

1.3.3
1.33.1

General Organization of the Rules

The general organization of the Rules is shown in Fig. 1.1.1.
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Fig. 1.1.1 Schematic Layout of this Part
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Section 2 RULE PRINCIPLES

1. Introduction

1.1 Rule Principles

1.1.1 Rule Objectives
1.1.1.1 The objectives of the Rules are to establish requirements to reduce the risks of structural failure in order to help improve
the safety of life, environment and property and to provide adequate durability of the hull structure for the design life.
1.1.2 General
1.1.2.1 The sub-sections contain:
(a) the General Assumptions; pertaining to the design, construction and operation of the ship and gives information on the
responsibilities of Classification Societies, builders and owners
(b) the Design Basis; which specifies the premises that the design principles of the Rules are based on, in terms of design
parameters and assumptions about the ship operation
(c) the Design Principles; which define the fundamental principles used for the structural requirements in the Rules with
respect to loads, structural capacity and assessment criteria
(d) the Application of the Design Principles; which describes how the design principles and methods are applied and what

criteria are used to demonstrate that the structure meets the objective.
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2. General Assumptions

2.1 General

2.1.1 International and National Regulations

2.1.1.1 Ships are to be designed, constructed and operated in compliance with the regulatory framework prescribed internationally
by the International Maritime Organisation and implemented by National Administrations.

2.1.1.2  The Rules are based on the assumptions that all applicable statutory requirements are complied with.

2.1.1.3 The Rules incorporate the IACS unified requirements as shown in Table 2.2.1.

2.1.2 Classification Societies

2.1.2.1 Classification Societies develop and publish the standards for the hull structure and essential engineering systems.
Classification Societies verify compliance with the classification requirements and the applicable international regulations when

authorised by a National Administration during design, construction and operation of a ship.

Table 2.2.1  IACS Unified Requirements Applicable to Oil Tankers

Number Title

Al Equipment

A2 Shipboard fittings and supporting hull structures associated with towing and mooring on conventional
vessels

S1 Requirements for Loading Conditions, Loading Manuals and Loading Instruments

S2 Definitions of ship s length Lcsg-r and block coefficient Cp,

S3 Strength of end bulkheads of superstructures and deckhouses

S4 Criteria for use of high tensile steel with yield points of 315 N/mm* and 355N/mm* (with respect to
longitudinal strength)

S5 Calculation of midship section moduli for conventional ship for ship’s scantlings

S6 Use of steel grades for various hull members — ships of 90m in length and above

S7 Minimum longitudinal strength Standards

S11 Longitudinal strength Standard

S13 Strength of bottom forward in oil tankers

S14 Testing procedures of Watertight Compartments

S26 Strength and securing of Small Hatches on the Exposed Fore Deck

S27 Strength Requirements for Fore Deck Fittings and Arrangements

13
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3. Design Basis

3.1 General

3.1.1 The Design Basis

3.1.1.1 This Sub-Section specifies the design parameters and the assumptions about the ship operation that are used as the basis of

the design principles of the Rules.

3.1.1.2 The Rules are applicable for ships in compliance with the specified design basis. Special consideration will be given to
deviations from this design basis.
3.1.1.3 The design basis used for the design of each ship is to be documented and submitted to the Classification Society as part

of the design review and approval. All deviations from the design basis are to be formally advised to the Classification Society.
3.1.2 Arrangement and Layout

3.1.2.1 The Rules cover typical double hull tankers of greater than or equal to 150m in length and with arrangements as follows:

(a) engine room and deck house located aft of the cargo tank region, and

(b) in addition to the inner skin two longitudinal oil-tight bulkheads with no centreline longitudinal bulkhead, or
(c) in addition to the inner skin one centreline longitudinal oil-tight bulkhead.
3.1.2.2 The ship’s structure is assumed to be:

(a) constructed of welded steel structures
(b) composed of stiffened plate panels
(c) longitudinally framed with full transverse bulkheads and intermediate web frames.
3.1.2.3 The typical arrangements covered by the Rules are shown in Fig. 2.3.1 and assume that the structural arrangements include:
(a) narrow double side structure and double bottom structure with breadth/depth in accordance with statutory requirements
(b) single deck ships
(c) side longitudinal, centreline longitudinal or transverse bulkheads of plane, corrugated or double skin construction
(d) the number and location of bulkheads are arranged to comply with the statutory requirements.

The cross sections shown in Fig. 2.3.1 are typical examples only and other variations of cross tie and web frame arrangements are
also covered

14
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Fig. 2.3.1 Typical Arrangements of Double Hull Tankers
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3.1.2.4 The Rules assume the following hull form with respect to environmental loading:
(a) full form ship with block coefficient (Cp) greater than 0.7
(b) the ship length breadth ratio (Lcsr-r/B) greater than 5
(c) ship breadth depth ratio (B/D) less than 2.5
(d) the metacentric height (GM) not greater than 0.12B for homogeneously full load conditions, and 0.33B for ballast
conditions.
3.1.3 Design Life
3.1.3.1 Anominal design life of 25 years is assumed for selecting appropriate ship design parameters. The specified design life is
the nominal period that the ship is assumed to be exposed to operating conditions. However, the ship’s actual service life may be longer
or shorter depending on the actual operating conditions and maintenance of the ship throughout its life cycle.
3.14 Design Speed
3.1.4.1 The design maximum service speed is to be specified by the designer. The Rules assume that the ship is able to operate at
this service speed on a continuous basis, but this does not relieve the responsibilities of the owner and personnel to properly handle the
ship and reduce speed or change heading in severe weather.
3.1.5 Operating Conditions
3.1.5.1 The ship is to be capable of carrying the intended cargo with the necessary flexibility in operation to fulfil its design role.
Specification of cargo loading conditions as required by the Rules and any additional cargo loading conditions required by the owner
are the responsibility of the designer.
3.1.5.2 The Rules assume the following:

(a) a minimum set of specified loading conditions as defined in the Rules are examined. These are to include both seagoing
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and harbour loading conditions

(b) in addition to the minimum set of specified loading conditions, all relevant additional loading conditions covering the
intended ship’s service which result in increased still water shear force, bending moments or increased local static loadings
are to be submitted for review

(c) the Trim and Stability Booklet, Loading Manual and loading computer systems specify the operational limitations to the
ship and these comply with the appropriate statutory and classification requirements

(d) all cargo tanks are from alocal strength point of view including sloshing designed for unrestricted filling for a cargo density
as specified in 3.1.8. Limitations to loading patterns resulting in full or empty adjacent tanks as specified in the Rules and
the Loading Manual do however apply for primary support members and hull girder shear force and bending moments.

3.1.6 Operating Draughts

3.1.6.1 The design operating draughts are to be specified by the designer and are to be used to derive the appropriate structural
scantlings. All operational loading conditions in the Loading Manual are to comply with the specified design operating draughts. The
following design operating draughts are as a minimum to be considered:

(a) the maximum and minimum mean operational draughts

(b) maximum scantling draught for the assessment of structure

(¢) minimum draughts forward for the assessment of bottom slamming, with and without ballast tanks in way filled

(d) maximum mean draught for a condition with all cargo tanks abreast empty

(e) maximum mean draught for a condition with empty centre or wing cargo tank.

3.1.7 External Environment
3.1.7.1 To cover worldwide trading operations and also to deal with the uncertainty in the future trading pattern of the ship and the
corresponding wave conditions that will be encountered, a severe wave environment is used for the design assessment. The rule
requirements are based on a ship trading in the North Atlantic wave environment for its entire design life.
3.1.7.2 The effects of wind and current on the structure are considered to be negligible and hence are not explicitly included.
3.1.7.3 The Rules do not include the effects of ice.
3.1.7.4 The Rules assume that the structural assessment of hull strength members is valid for the following design temperatures:
(a) lowest daily mean temperature in air is -10 °C
(b) lowest daily mean temperature in sea water is 0 °C
Ships operating for long periods in areas with lower daily mean air temperature may be subject to additional requirements as specified
by the individual Classification Society.
3.1.8 Internal Environment (Cargo and Water Ballast Tanks)
3.1.8.1 A specific gravity (SG) of 1.025, or a higher value if specified by the designer, is to be used for oil cargoes for the strength
assessment of cargo tank structures.
3.1.8.2 For the fatigue assessment of cargo tank structures, a representative mean cargo density throughout the ship’s life is to be
used. The representative mean density is to be taken as 0.9 fonnes/m> orthe cargo density from the homogeneous full load condition at
the full load design draught Ty, if this is higher.
3.1.83 A SG of 1.025 is to be used for water ballast.
3.1.8.4 The Rules are based on the following design temperatures for the cargo:
(a) maximum cargo temperature is 80 °C
(b) minimum cargo temperature is 0 °C
3.1.8.5 The design aspects and assumption upon which corrosion additions in the Rules are specified are as follows:

(a) the corrosion additions are based on a combination of experience and a statistical evaluation of historical corrosion
measurements. The corrosion additions are based on the carriage of a mixture of crude and other oil products with various
degrees of corrosive properties

(b) the corrosion additions are based on the design life, see 3.1.3.1

(c) ballast tanks are coated. Requirements for coating application and maintenance are excluded from the Rules.

3.1.8.6  The values for corrosion additions and wastage allowance are specified in Section 6/3 and Section 12 respectively.
3.1.9 Structural Construction and Inspection

3.1.9.1 The structural requirements included in the Rules are developed with the assumption that construction and repair will follow
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acceptable shipbuilding and repair standards and tolerances. The Rules may require that additional attention is paid during construction
and repair of critical areas of the structure.
3.1.9.2 Tank strength and tightness testing are to be carried out as a part of the verification scheme.
3.1.9.3 The Rules define the renewal criteria for the individual structural items. The structural requirements included are developed
on the assumption that the structure will be subject to periodical survey in accordance with individual Classification Society Rules and
Regulations. All structural elements are to be arranged to allow access for inspection, see Section 5/5. It is assumed that close-up
inspection of the critical areas will be carried out on a regular basis.
3.1.10 Owner’s Extras
3.1.10.1  Owner’s specification of requirements above the general classification or statutory requirements may affect the structural
design. Owner’s extras may include requirements for:
(a) vibration analysis
(b) maximum percentage of high strength steel
(c) additional scantling dimensions above that required by the Rules
(d) additional design margin on the loads specified by the Rules, etc
(e) improved fatigue resistance, in the form of a specified increase in design fatigue life or equivalent
(f) combinations of cargo loading patterns and draughts exceeding the Rule specified conditions
(g) higher cargo density for fatigue evaluation for ships intended to carry high density cargo in part load conditions on a regular
basis.
Owner’s extras are not covered by these Rules. Owner’s extras that may affect the structural design are to be clearly specified in the

design documentation.
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4. Design Principles

4.1 Overall Principles

4.1.1 Introduction
4.1.1.1 This Sub-Section defines the underlying design principles of the Rules in terms of loads, structural capacity models and
assessment criteria and also construction and in-service aspects.
4.1.2 General
4.1.2.1 The Rules are based on the following overall principles:
(a) the safety of the structure can be demonstrated by addressing the potential structural failure mode(s) when the vessel is
subjected to operational loads and environmental loads/conditions
(b) the design complies with the design basis, see Sub-Section 3
(c) the structural requirements are based on a consistent set of loads that represent typical worst possible loading scenarios
(d) the structural requirements with respect to loads, capacity models and assessment criteria are presented in a modular format
so that each component of the requirement is clearly identified.
4.1.2.2 The ship’s structure is designed such that:
(a) it has inherent redundancy. The ship’s structure works in a hierarchical manner and, as such, failure of structural elements
lower down in the hierarchy should not result in immediate consequential failure of elements higher up in the hierarchy
(b) permanent deformations are minimised. Permanent deformations of local panel or individual stiffened plate members may
be acceptable provided that this does not affect the structural integrity, containment integrity or the performance of
structural or other systems
(c) the incidence of in-service cracking is minimised, particularly in locations which; affect the structural integrity or
containment integrity, affect the performance of structural or other systems or are difficult to inspect and repair
(d) it has adequate structural redundancy to survive in the event that the structure is accidentally damaged; for example, minor

impact leading to flooding of any compartment.
4.2 Loads

4.2.1 Load Scenarios
4.2.1.1 The loads used for assessment of the structure covers the load scenarios encountered by the ship during operation at sea
and in harbour.
4.2.2 Design Load Combinations
4.2.2.1 Design load combinations combine local and global load components to represent identified load scenarios. The design
load combinations should be sufficiently severe and varied so as to encompass all scenarios that can reasonably occur during normal
operation.
4.2.2.2 The design load combinations for the hull and structural members consider the most unfavourable combination of load
effects in order to maintain a consistent safety level for all combinations.
4.2.2.3 The design load combinations are based on one of the following combinations of static and dynamic loads depending on
the type of load and the load scenario being considered:
(a) Static design load combinations (S)
covers application of all relevant static loads and typically covers load scenarios in harbour, tank testing or similar
operations
(b) Static plus Dynamic design load combination (S+D)
covers application of all relevant static loads plus a realistic combination of simultaneously occurring dynamic load
components and typically covers load scenarios for seagoing operations

(c) Impact design load combination
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covers application ofimpact loads such as bottom slamming and bow impact encountered during seagoing operation. It is
usually sufficient to ignore other static and dynamic load components in association with an impact load event.
(d) Sloshing design load combination
covers application of sloshing loads encountered during seagoing operations
(e) Fatigue design load
covers application of all relevant dynamic loads
(f) Accidental design load combination (A)
covers application of accidental loads where these loads are not considered as occurring during normal operations
4.2.3 Load Categorisation
4.2.3.1 The design load combinations are composed of many different types of loads, which are categorised as shown in Table

2.4.1.

Table 2.4.1  Load Categorisations

Operational Loads Lightship weight Steel weight and outfit
Machinery and permanent equipment
Buoyancy loads Buoyancy of the ship
Variable loads Cargo

Ballast water
Stores and consumables
Personnel

Temporary equipment

Other loads Tug and berthing loads
Towing loads
Anchor and mooring loads

Lifting appliance loads

Environmental loads Cyclic loading due to wave action including | Dynamic wave pressures

inertia loads Dynamic loads and dynamic tank pressures

due to ship accelerations

Impact loads or resonant loads Wave impacts
Bottom slamming
Liquid sloshing in tanks

Green sea loads

Accidental loads Flooding of compartments

Deformation loads Thermal loads

Deformations due to construction

4.2.3.2 Operational loads generally are static loads. They are grouped into lightship weight, buoyancy loads, variable loads and
other loads. The operational loads occur as a consequence of the operation and handling of the ship.

4.2.3.3 Environmental loads are dynamic loads due to external influences. The environmental loads covered by the Rules are loads
due to wave action.

4.2.3.4 Accidental loads include loads that result as a consequence of an accident or operational mishandling of the ship. The
accidental loads covered by the Rules are increased tank pressures due to flooding of compartments.

4.2.3.5 Deformation loads are caused by thermal loads and residual stresses. The load effects from deformation loads are not
covered by the Rules.

4.2.4 Characteristic Load Values

4.2.4.1 The characteristic values ofthe load components that are applied in the Rules are dependant on the design load combination

being considered. The characteristic loads are typical values and are given by:
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(a) for operational loads the characteristic loads are the expected or specified values
(b) for environmental loads the characteristic load is typically a load value which has a low probability of occurrence, i.e. an
‘extreme’ value.
4.2.5 Operational Loads
4.2.5.1 The characteristic values of the static sea pressure on the hull due to the buoyancy are based on the draught at the loading
condition under consideration.
4.2.5.2 The characteristic values of the static tank pressure are based on the filling height and the specific gravity of the
cargo/ballast, and include allowances for possible overpressure due to the height of air pipes, pressure relief valve settings and capacity
of pumps.
4.2.5.3 The characteristic values of the loads due to personnel, stores and consumables, temporary equipment and permanent
equipment are based on specified values.
4.2.5.4 The characteristic values for tug, berthing, towing and mooring loads are based on specified values.
4.2.6 Environmental Loads
4.2.6.1 The Rule formulations for wave loads, as given in Section 7/3, are based on the envelope values calculated in accordance
with 4.2.6.2 and calibrated with feedback from service experience and model tests.
4.2.6.2 The general principles for the derivation of the wave load values are:
(a) the application of load values is consistent for all similar load scenarios
(b) the characteristic load value is selected to suit the purpose of the application of the load and the selected structural
assessment method, e.g. for strength assessment the expected lifetime maximum load is applied while for fatigue
assessment an average value representing the expected load history is applied
(c) load calculations are performed using 3-D linear hydrodynamic computational tools. The effects of speed are considered
(d) the derivation of characteristic wave loads is based on a long term statistical approach which includes representation of
the wave environment (North Atlantic scatter diagram), probability of ship/wave heading and probability of load value
exceedance based on IACS Rec. 34. All of which result in envelope values
(e) non-linear effects are considered for the expected lifetime maximum loads.
4.2.6.3 The combination of dynamic loads considers all simultaneously occurring dynamic load components. In deriving the
simultaneously occurring loads, one particular load component is maximised or minimised and the relative magnitude of all
simultaneously occurring dynamic load components is specified by the application of dynamic load combination factors (DLCF) based
on the envelope load value. These dynamic load combination factors are based on the application of the equivalent design wave
approach and are given as tabulated values.
4.2.6.4 The formulations of the load values for bottom slamming, bow impact loads and green sea loads take account of the
following factors:
(a) vessel draught
(b) hull form
(c) heading
(d) forward speed
(e) location of deck houses/superstructure
(f) geometry of structural elements.
4.2.6.5 A slamming impact load results in a transient dynamic response in the structure. The formulation of the impact loads
considers the impact load as an equivalent static load acting on the associated exposed hull surface.
4.2.6.6 The effect of green water on the deck structure along the entire vessel's length is considered. The green water loads on fore
and parallel mid bodies ofa ship are determined based on model tests, ship motion analysis and service experience. The green sea loads
for the aft body are consistent with the derivation for the fore and mid body green sea loads.
4.2.7 Accidental Loads
4.2.7.1 The accidental load scenarios cover loads acting on local structure as a consequence of flooding in accordance with the
assumptions made in IMO regulations. This relates to the assessment of the watertight subdivision boundaries.

4.2.7.2 Only static loads corresponding to the draught in the flooded condition are considered.
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4.2.8 Deformation Loads
4.2.8.1 Thermal loads within the limits specified by the design basis are considered negligible. It is assumed that care is taken to

account for, and allow for, expected thermal expansion.
4.3 Structural Capacity Assessment

4.3.1 General
4.3.1.1 The basic principle in structural design is to apply the defined design loads, identify possible failure modes and employ
appropriate capacity models to determine the required structural scantlings.
4.3.2 Capacity Models for Strength
4.3.2.1 The strength assessment method is to be capable of analysing the failure mode in question to the required degree of accuracy.
Several assessment methods may be applicable, even for the same failure modes.
4.3.2.2 The following aspects are the basis for selection of strength capacity models:
(a) whether the structural member is also assessed at a higher level in the hierarchy and/or at a later stage by more accurate
methods or by more accurate response calculations
(b) simplified capacity models where some of the stress components are neglected are to always give conservative results
(c) appropriate methodology to assess the failure mode
(d) probability level of the load
(e) capability of response calculations to represent the physical behaviour of the structure up to the given load level
(f) complexity of structure
(g) complexity of loads
(h) criticality of the structural member. This will primarily have an impact on the assessment criteria, but needs to be
considered in conjunction with selection of the appropriate methodology for structural assessment.
4.3.2.3 The structural capacity assessment methods are in either a prescriptive format or require the use of more advanced
calculations such as finite element analysis methods.
4.3.2.4 The formulae used to determine stresses, deformations and capacity are appropriate for the selected capacity assessment
method and the type and magnitude of the design load set.
4.3.3 Capacity Models for Fatigue
4.3.3.1 The fatigue assessment method provides Rule requirements to safeguard structural details against fatigue failure.
4.3.3.2 The fatigue capacity model is based on a linear cumulative damage summation (Palmgren-Miner’s rule) in combination
with S-N curves, a characteristic stress range and an assumed long-term stress distribution curve.
4.3.3.3 The fatigue capacity assessment models are in either a prescriptive format or require the use of more advanced calculations
such as finite element analysis methods. These methods account for the combined effects of global and local dynamic loads.
4.3.4 Net Thickness Approach
4.3.4.1 The philosophy behind the net thickness approach is to:
(a) provide a direct link between the thickness used for strength calculations during the new building stage and the minimum
thickness accepted during the operational phase
(b) enable the status of the structure with respect to corrosion to be clearly ascertained throughout the life of the ship.
4.3.4.2 The net thickness approach distinguishes between local and global corrosion. Local corrosion is defined as uniform
corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is defined as the overall average corrosion of
larger areas such as primary support members and the hull girder. Both the local and overall corrosion are used as a basis for the new
building review and are to be confirmed during operation of the vessel.
4.3.4.3 The net thickness approach for the local corrosion is shown in Fig. 2.4.1 (a) and is in terms of new building thicknesses,
given by:

(a) the local strength requirements are given by the net thickness (#er.req) after rounding
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the required gross thickness (Zgs-req) is given by adding the corrosion addition (%) to the required rounded net thickness
(tnet-req)

the gross thickness (f) is the actual thickness selected by the designer to fulfil the gross required thickness(#gs-req) and is
to be equal or greater than the required gross thickness (Zgs-req)

the as built thickness is equal to the gross thickness (%) plus any additional owners extra margin (fou»)

any additional thicknesses specified by the owner, as owners extra margin (Zw») are not to be included in the assessment

of the required gross thickness (gs-req)-

Fig. 2.4.1 Net Thickness Approach for Local Wastage

(a) application to scanting requirements (b) application to ship in operation requirements
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4.3.4.4 The net thickness approach for determining the local renewal thickness during the ship in operation phase is shown in Fig.

2.4.1 (b) and is given by:

@

(b)

©

(d)

the thickness at which annual surveys are required, Zummuai, is obtained by subtracting the total wastage allowance (#vus) and
the owners extra margin (Zow,) from the as-built thickness (Zus-uit)

thickness at which renewal is required, #.x,is obtained by subtracting the total wastage allowance (%), the thickness .o/
25 and the owners extra margin (fw,) from the as-built thickness (Zus-suir). Where t.or-25 is the wastage allowance in
reserve for corrosion occurring in the two and half years between Intermediate and Special surveys

the total wastage allowance given is the rule specified wastage allowance (#.qs) plus the wastage allowance in reserve (Z.oq-
2.5) plus any additional owners extra margin (f,uwn)

the rule specified wastage allowance (#.ws) available before annual surveys are required is obtained by deducting the

thickness #cor-2.5 from the corrosion addition (Zcor).

The approach calls for a general 2.5 year survey interval when the gauged thickness is greater than the “thickness at which annual

surveys are required” (famuar), and a 1 year survey interval when the gauged thickness is less than the “thickness at which annual surveys

are required” (fanmual)-

4.3.4.5 The overall average corrosion for primary support members and the hull girder cross-section is given by deducting half the

local corrosion addition (0.5¢.0-) from all structural elements comprising the respective cross-sections.

4.3.4.6 The assessment of local scantlings is performed based on the hull girder stresses given by the net hull girder properties, e.g.
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based on a global overall average corrosion of the hull girder, and the local stresses based on the net thickness of the local member
under consideration, e.g. based on full local corrosion. It is assumed that the structure may corrode locally to the maximum allowed
and that the hull girder may reduce to the maximum allowed overall hull girder corrosion.

4.3.47 The assessment of global (hull girder and primary support member) scantlings is based on the overall global corrosion, e.g.
half the full local corrosion for all structural members simultaneously. The assumption is that the full local corrosion will not occur
globally and hence a lesser average value of assumed corrosion is appropriate. Individual structural elements may corrode to the
maximum corrosion addition and this is taken into account in the buckling assessment.

4.3.4.8 As fatigue is an accumulative assessment the scantlings and stresses used for the assessment are to be taken as the
representative mean value over the design life. The mean corrosion over the design life is given as half the corrosion assumed for
scantling strength assessment. Local stresses are thus calculated based on half the full local corrosion addition and hull girder stresses
are calculated based on half the overall global corrosion. Half the global overall corrosion is found by deduction of one quarter of the
full local corrosion addition of all structural elements simultaneously.

4.3.49 The actual amount of wastage allowed in service is taken as:

(a) locally: the full corrosion addition less an amount for typical wastage between the survey periods
(b) globally: the full global overall corrosion addition less an amount for typical wastage between the survey periods. The
global wastage is monitored in service by evaluating the current global characteristics of the vessel.

4.3.5 Intact Structure

4.3.5.1 All strength calculations are based on the assumption that the structure is intact. The residual strength of the ship in a
structurally damaged condition is not assessed.

4.3.5.2 No benefit is given in the assessment of structural capability for the presence of coatings or similar corrosion protection

systems.
4.4 Materials and Welding

4.4.1 Materials
4.4.1.1 The Rule requirements associated with the selection of materials for structural components is based on the location, design
temperature (see 3.1.7.4 and 3.1.8.4), membrane, through thickness forces and criticality of the component. The requirements comply
with Chapter 1, Part C of the Rules.
4.4.1.2 The Rule requirements are based on the assumption that the material is manufactured in accordance with the allowable
under thickness rolling tolerances specified in Part K of the Rules.
4.4.2 Welding
4.42.1 The Rule requirements for weld type, size and materials are based on the following considerations:
(a) joint type
(b) criticality of the joint
(c) magnitude, type and direction of the stresses in the joint
(d) material properties of the parent and weld material

(e) weld gap size.
4.5 Assessment/Acceptance Criteria

4.5.1 Design Methods
4.5.1.1 The criteria for the assessment of the scantlings are based on one of the following design methods:
(a) Working Stress Design (WSD) method, also known as the permissible or allowable stress method
(b) Partial safety Factor (PF) method, also known as Load and Resistance Factor Design (LRFD).
4.5.1.2 Forboth WSD and PF, two design assessment conditions and corresponding acceptance criteria are given. These conditions
are associated with the probability level of the combined loads, A and B:
(a) condition A is applicable to design load combinations based on ‘expected’ characteristic load values, typically covered by

the static design load combinations

23



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 2 (February 2015) CIaSSNI(

(b) condition B is applicable to design load combinations based on ‘extreme’ characteristic load values, typically covered by
the static + dynamic load combinations.
4.5.1.3 The WSD method has the following composition:

Wetar <mR for condition A
Watar + Wayn < MR for condition B
Where:
Wi = simultaneously occurring static loads (or load effects in terms of stresses)

Wayn : simultaneously occurring dynamic loads. The dynamic loads are typically a combination of local and global
load components

R : characteristic structural capacity (e.g. yield stress or buckling capacity)

n; : permissible utilisation factor (resistance factor). The utilisation factor includes consideration of uncertainties in
loads, structural capacity and the consequence of failure

4.5.1.4 The PF method has the following composition:

R
Ystat-1Wstat T+ Yayn-1Wayn < for condition A
R ..
Vstat-2Wstat +Vayn-2Wayn < )/_ for condition B
R

Where:
Ystar . partial safety factor that accounts for the uncertainties related to static loads
Witat : simultaneously occurring static loads (or load effects in terms of stresses)
Yayn—i- Partial safety factor that accounts for the uncertainties related to dynamic loads
Wayn  : simultaneously occurring dynamic loads. The dynamic loads are typically a combination of local and global
load components
R : characteristic structural capacity (e.g. yield stress, ultimate hull girder stress)
Yr : partial safety factor that accounts for the uncertainties related to structural capacity
4.5.1.5 The acceptance criteria for both the WSD method and PF method are calibrated for the various requirements such that

consistent and acceptable safety level for all combinations of static and dynamic load effects are achieved.

4.6 Principle of Safety Equivalence

4.6.1 General

4.6.1.1 Novel designs deviating from the design basis or structural arrangements covered by the Rules will be subject to special
consideration. The principle of equivalence is to be applied to the novel design, hence it must be demonstrated that the structural safety
of the novel design is at least equivalent to that intended by the Rules.

4.6.1.2 The principle of equivalence may be applied to alternative calculation methods.

4.6.1.3 A systematic review process was undertaken in developing these Rules. This identified and evaluated the likely
consequences of hazards due to operational and environmental influences on tanker structural configurations and arrangements covered
by these Rules. Fornovel designs, dependent on the nature of the deviation, it may be necessary to conduct an independent systematic

review to document equivalence with the Rules.
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5. Application of Principles

5.1 Overview of the Application of Principles

5.1.1 General
5.1.1.1 This Sub-Section shows how the design principles described in Sub-Section 4 have been applied in the development of the

rule requirements.
5.2 Structural Design Process

5.2.1 Overview of the Structural Design Process
5.2.1.1 An overview of the structural design process applied in the Rules is shown in Fig. 2.5.1.
5.2.1.2 The strength and acceptable safety of the hull and the structural elements is verified through the application of the following
Rule requirements:
(a) prescriptive scantling requirements
* minimum requirements
* load-capacity based requirements
(b) design verification requirements based on load-capacity methods
* hull girder ultimate strength
« strength assessment using the Finite Element (FE) analysis

- fatigue assessment
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Fig. 2.5.1 Overview of Structural Design Process
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5.3 Minimum Requirements

531 General
5.3.1.1 The minimum requirements are usually in one of the following forms:
(a) minimum thickness, which is independent of the yield stress, these are based on service experience and are usually

expressed in the following format:
t=A+ B Lcser

Where:
A, B :constants
Lcsg-r :rule length, as defined in Section 4/1.1.1.1

(b) minimum stiffness and proportion, which are based on prescriptive buckling requirements
5.4 Load-capacity Based Requirements

54.1 General
5.4.1.1 In general, the Working Stress Design (WSD) method is applied in the requirements, except for the hull girder ultimate
strength criteria where the Partial safety Factor (PF) method is applied. The partial safety factor format is applied for this highly critical
failure mode to better account for uncertainties related to static loads, dynamic loads and capacity formulations.
5.4.1.2 The identified load scenarios are addressed by the Rules in terms of design loads, design format and acceptance criteria set,
as given in Table 2.5.1. The table is schematic and only intended to give an overview.
5.4.1.3 The load scenarios addressed by the rules cover operations such as seagoing conditions, loading and unloading, tank testing
conditions, ballast water exchange situations, special operations in harbour (e.g. propeller inspection afloat condition) and accidental
flooding.
5.4.1.4 The design load combinations that represent the identified load scenarios are given in Section 7/6 and are denoted by S
(static loads), S+D (statict+dynamic loads), and A (accidental loads). In addition, the Rules address impact loads and sloshing loads as
given in Section 7/4 and fatigue loads as given in Section 7/3.
5.4.1.5 Forthe strength requirements, the considered loads cover the most severe operational loads that occur, hence the cargo tank
finite element analysis and load-capacity based scantling requirements are based on rule loading conditions which simulate the worst
possible loading conditions within the operating limits of the vessel.
5.4.1.6 For the fatigue requirements the considered loads cover an expected load history and representative loading conditions
covering the ships’ intended service are applied.
5.4.1.7 The acceptance criteria are categorised into three acceptance criteria sets. These are explained below and shown in Tables
2.5.2 and 2.5.3. The specific acceptance criteria set that is applied in the WSD rule requirements is dependent on the probability level
of the characteristic combined load.
5.4.1.8 The acceptance criteria set AC1 is applied when the combined characteristic loads are frequently occurring, typically for
the static design load combinations, but also applied for the sloshing design loads. This means that the loads occur on a frequent or
regular basis. The allowable stress for a frequent load is lower than for an extreme load to take into account effects of:
(a) repeated yield
(b) allowance for some dynamics
(c) margins for operational mistakes.
5.4.1.9 The acceptance criteria set AC2 is typically applied when the combined characteristic loads are extreme values, e.g.
typically for the statictdynamic design load combinations. High utilisation (#i in Table 2.5.1) of the structural capacity (Ri in Table
2.5.1) is allowed in such cases because the considered loads are extreme loads with a low probability of occurrence.
5.4.1.10 The acceptance criteria set AC3 is typically applied for capacity formulations based on the plastic collapse models such

as those that are applied to address bottom slamming and bow impact loads.
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Table 2.5.1  Load Scenarios and Corresponding Rule Requirements

Load Scenarios Rule Requirements
Design Load . .
o Design Format Acceptance Criteria
Loads Combination . .
) ) ) ) (specified in Set
Operation (that the vessel is exposed to (specified in ] )
. . Sections 8 and 9) (specified in
and is to withstand) Section 7/6)
see Note 1 Sections 8 and 9)
Ref.no | Notation
Seagoing operations
Static and dynamic loads | S+D 1.S6¢+ S+ Dc+Dr<n2Ri AC2
+
in heavy weather 2. 5S¢+ yp DG < Ro/ yr2 AC2
) Impact loads in heavy
Transit 2 Impact St+ Dimp<m3 Ry AC3
weather
Internal sloshing loads 3 Sloshing Sc + Dsin <11 R ACl1
Cyclic wave loads 4 Fatigue DM <3,/ Ni -
BWE by flow
through or Static and dynamic loads
) ) 5 S+D S6 + S+ D + D < 2Ry AC2
sequential in heavy weather
methods
Harbour and sheltered operations
Loading, Typical maximum loads
unloading and | during loading, unloading 6 S Sc+Sc<m R ACl1
ballasting and ballasting operations
Typical maximum loads
Tank testing during tank testing 7 S Set Susm R AC1
operations
Typical maximum loads
) during special operations
Special )
. ) in harbour, e.g. propeller
conditions in ) ) 8 S Se+S.<m R AC1
inspection afloat or
harbour ) )
dry-docking loading
conditions
Accidental condition
Typically maximum loads for water tight boundaries ACD
Accidental on internal watertight 0 A 1.S1 < m Ry
flooding subdivision structure due for collision bulkhead ACI
to accidental flooding 2.85.<m R

Note
1. The symbols defined in this column are defined in the text of 5.4

Where:

D¢ dynamic global load

Dy dynamic local load

Dy cumulative fatigue damage ratio
Sc static global load

St static local load

R; structural capacity
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5.4.2 Design loads for Scantling Requirements and Strength Assessment (FEM)
5.4.2.1 The structural assessment of compartment boundaries, e.g. bulkheads, is based on the worst possible loading, hence
conditions are assessed with a full tank on one side and an empty tank on the other side. The situation with the tank content reversed is
also considered. Similarly the shell envelope is assessed for conditions at the deepest draught without internal filling and at the lowest
draught with internal filling.
5.4.2.2 The standard loading patterns to be used in the strength assessment (FEM) are given in Appendix B, Tables B.2.3 and
B.2.4 for tankers with two oil-tight longitudinal bulkheads and one centreline oil-tight longitudinal bulkhead respectively. The
corresponding information for the scantling requirements is given in Section 8.
5.4.2.3 To ensure consistency of approach, standardised rule values for parameters such as GM, Rroll, Tsc and Cb. are applied to
calculate the rule load values.
5.4.2.4 The probability level of the dynamic global and local loads (DG, DL and Dimp in Table 2.5.1) is 10 and are derived using
the long term statistical approach specified in 4.2.6.2.
5.4.2.5 The probability level of the sloshing loads (Ds/h in Table 2.5.1) is 10™* which is a load that occurs frequently.
5.4.2.6 The design load combinations corresponding to the identified load scenarios produce realistic design load sets suitable for
the design and verification of the structural capability. Design load sets apply all the applicable simultaneously acting static and dynamic
local load components (SL and DL in Table 2.5.1, which are usually pressure load components) and static and dynamic global load
components (SG and DG in Table 2.5.1, which is usually hull girder bending moment) for the design of a particular or group of
structural members. The relevant design load sets for the scantling requirements are given in Sections 8/2 to 8/5. The design load sets
for the Finite Element analysis are referred to as load cases and are given in Appendix B.
5.4.2.7 The simultaneously occurring dynamic loads are specified by applying a dynamic load combination factor to the envelope
dynamic load values given in Section 7/3. The dynamic load combination factors that define the dynamic load cases are given in
Section 7/6.4 for the structural strength assessment (FE) and in Section 7/6.5 for the scantling requirements.
5.4.2.8 The dynamic load combination factors have been derived using the equivalent design wave approach to provide realistic
simultaneously occurring dynamic loads components suitable for structural assessment.
5.4.2.9 Forthe determination of design loads for the hull girder ultimate strength requirement given in Section 9/1, the operational
loads (i.e. ship loading conditions) and the environmental loads (i.e. hull girder wave bending moments) are maximised for sagging
conditions for seagoing conditions. The characteristic value for the still water hull girder sagging bending moments Msw is based on
the maximum value from the seagoing conditions specified in Section 8/1. The characteristic value for the wave hull girder sagging
bending moments MWV is given in Section 7/3.
543 Design Loads for Fatigue Requirements
5.4.3.1 For the fatigue requirements given in Section 9/3 and Appendix C, the load assessment is based on the expected load
history and an average approach is applied. The expected load history for the design life is characterised by the 10™* probability level
of the dynamic load value, the load history for each structural member is represented by Weibull probability distributions of the
corresponding stresses.
5.43.2 The considered wave-induced loads include:
(a) hull girder loads (i.e., vertical and horizontal bending moments)
(b) dynamic wave pressures
(c) dynamic tank pressures.
5.4.3.3 The fatigue analysis is calculated for two representative loading conditions covering the ship’s intended operation. These
two conditions are:
(a) full load homogeneous conditions at design draught
(b) normal ballast condition. The proportion of the ship’s sailing life in the full load condition is 50% and in ballast 50%. It is
assumed that 15% of the ships’ life is in harbour/sheltered water. It is consequently assumed that the ship will be sailing in
open waters in full load condition for 42.5% of the ship’s life and in the ballast condition for 42.5% of the ship’s life.
The proportion of the ship’s sailing life in the full load condition is 50% and in ballast 50%. It is assumed that 15% ofthe ships’ life
is in harbour/sheltered water.
5.4.3.4 The load values are based on actual parameters corresponding to the applied loading conditions, e.g. GM, Cb, etc., and the

applicable draughts at amidships is used. The actual values are taken from specified loading conditions in the loading manual.
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5.4.3.5 The simultaneously occurring dynamic loads are accounted for by combination of stresses due to the various dynamic load
components. The stress combination procedure is given in Appendix C.
5.4.3.6 Still water loads and static sea and tank pressures from the actual loading conditions are used to determine the mean stress
effect.
5.4.4 Structural Response Analysis
5.4.4.1 In general, the following approaches are applied for determination of the structural response to the applied design load
combinations
(a) Beam theory
+ used for prescriptive requirements
(b) FE analysis
+ coarse mesh for cargo hold model
* fine mesh for local models
« very fine mesh for fatigue assessment
5.4.5 Structural Capacity Assessment
5.4.5.1 The considered failure modes in the Rules are yield (plastic deformation), buckling, brittle fracture and fatigue. Structural
failure due to yield and buckling is primarily controlled by the strength requirements, brittle fracture is primarily controlled by the
requirements for material selection and welding, and fatigue failure is primarily controlled by the high cycle fatigue requirements.
5.4.5.2  Generally, the capacity models applied in the prescriptive rules, i.e., the scantling requirements in Section 8, are based on
simple beam theory and include elastic yield and plastic capacity models. The buckling capacity is assessed using simplified buckling
capacity models or by a more theoretical non-linear analysis procedure.
5.4.5.3 The design verification requirements are based on a linear elastic finite element analysis, a detailed prescriptive fatigue
assessment procedure and a simplified ultimate strength assessment procedure. There is also a finite element based fatigue assessment
procedure for some structural members, such as the hopper knuckle.
5.4.5.4 The application of the net thickness approach to assess the structural capacity is specified in Section 6/3.3.
5.4.6 Acceptance Criteria
5.4.6.1 The acceptance criteria applied in the working stress design requirements are given as acceptance criteria sets shown in
Tables 2.5.2 and 2.5.3. There are slight variations within each set depending on the relative contribution of local and global loads, static
and dynamic loads and the structural member being considered. The specific acceptance criteria are given in the detailed rule

requirements in Section 8 and 9/2.

Table 2.5.2  Principal Acceptance Criteria - Rule Requirements

Plate panels and Local Support ) )
Primary Support Members Hull girder members
Members
Acceptance ) ) ) ) ) )
o Yield Buckling Yield Buckling Yield Buckling
criteria set
Control of stiffness Control of
70-80% of and proportions. 70-75% of stiffness and 75% of
ACI: ) ) ) ) NA
yield stress Usage factor yield stress proportions. yield stress
typically 0.8 Pillar buckling
Control of stiffness Control of
) ) 90-100%
90-100% of and proportions. 85% of stiffness and ) Usage factor
AC2: ) ) ) of yield )
yield stress Usage factor yield stress proportions. typically 0.9
stress
typically 1.0 Pillar buckling
Control of
Plastic Control of stiffness Plastic )
AC3: o . o stiffness and NA NA
criteria and proportions criteria .
proportions
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Table 2.5.3  Principal Acceptance Criteria - Design Verification - FE Analysis

Global cargo tank analysis Local fine mesh analysis

Acceptance ] ) )
L Yield Buckling Yield
criteria set

Control of stiffness and )
. . local mesh as 136% of yield stress
AC1: 60-80% of yield stress proportions. )
) averaged stresses as global analysis
Usage factor typically 0.8

Control of stiffness and

. . local mesh as 170% of  yield stress
AC2: 80-100% of yield stress proportions.

averaged stresses as global analysis

Usage factor typically 1.0

5.4.6.2 The purpose of applying different sets is to achieve a consistent and acceptable safety level for all combinations of static

and dynamic loads and to account for different capacity models.

5.5 Materials

5.51 General
5.5.1.1 Higher material properties are selected for highly critical structural elements which are subjected to high loads in order to

reduce the risk of propagation of brittle fracture.

5.6 Application of Rule Requirements

5.6.1 Minimum Requirements

5.6.1.1 These specify the minimum scantling requirements which are to be applied irrespective of all other requirements, hence
thickness below the minimum are not allowed.

5.6.2 Load Based Prescriptive Requirements

5.6.2.1 These provide scantling requirements for all plating, local support members, most primary support members and the hull
girder and cover all structural elements including deckhouses, foundations for deck equipment, etc.

5.6.2.2 In general, these requirements explicitly control one particular failure mode and hence several requirements may be applied
to assess one particular structural member.

5.6.3 Design Verification - Hull Girder Ultimate Strength

5.6.3.1 The requirements for the ultimate strength of the hull girder are based on a Partial safety Factor (PF) method, see 4.5. A
safety factor is assigned to each of the basic variables, the still water bending moment, wave bending moment and ultimate capacity.
The safety factors were determined using a structural reliability assessment approach, the long term load history distribution of the
wave bending moment was derived using ship motion analysis techniques suitable for determining extreme wave bending moments.

5.6.3.2 The purpose of the hull girder ultimate strength verification is to demonstrate that one of most critical failure modes of a

double hull tanker is controlled.

5.6.4 Design Verification - Global Finite Element Analysis

5.6.4.1 The global finite element analysis is used to verify the scantlings given by the load-capacity based prescriptive requirements.
The analysis is required because the prescriptive requirements do not take into account the complex interactions between the ship’s
structural components, complex local structural geometry, change in thicknesses and member section properties as well as the complex
load regime with sufficient accuracy. Hence the global finite element analysis is necessary to verify the proposed scantlings.

5.6.4.2 Alinear elastic three dimensional finite element analysis of the cargo region (a FE model length of three tanks is required)
is carried out to assess and verify the structural response of the proposed hull girder and primary support members and assist in
specifying the scantling requirements for the primary support members. The purpose with the finite element analysis is to verify that

the stresses and buckling capability of the primary support members are within acceptable limits for the applied design loads.
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5.6.5 Design Verification - Fatigue Assessment

5.6.5.1 The fatigue assessment is required to verify that the fatigue life of critical structural details is adequate. A prescriptive
fatigue requirement is applied to details such as end connections of longitudinal stiffeners using an SN curve approach based on
geometric details, i.e. Class F, F2, etc. A hot spot fatigue assessment procedure using finite element analysis is applied to details such
as the hopper knuckle. In both cases, the fatigue assessment method is based on the Palmgren-Miner linear damage model.

5.6.6 Relationship between the Prescriptive Scantling Requirements and the Strength Assessment (FEM)

5.6.6.1 The prescriptive minimum requirements define the minimum acceptable scantlings. These may not to be reduced by any
form of alternative calculations such as load-capacity prescriptive requirements or strength analysis such as FEM.

5.6.6.2 The section modulus and/or shear area of a primary support member and/or the cross sectional area of a primary support
member cross tie may bereduced to 85% of the prescriptive requirements provided that the reduced scantlings comply with the strength
assessment (FEM).

5.6.6.3 The philosophy is that a coarse approach should be more conservative than a detailed approach. Hence, the prescriptive

requirements are generally more conservative than the corresponding requirements based on strength assessment (FEM).
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Section 3 RULE APPLICATION

1. Notations

1.1 Notations

1.1.1 General
1.1.1.1 Ships fully complying with the requirements of'this part and the specific requirements of the Society relating to construction,
survey and equipment will be eligible to be assigned with character symbols and a ship type notation appropriate to the Society.

1.1.1.2  In addition to 1.1.1.1, ships fully complying with the requirements of this part will also be assigned the notation CSR.
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2. Documentation, Plans and Data Requirements

2.1 Documentation and Data Requirements

2.1.1 Loading Information
2.1.1.1 Loading guidance information containing sufficient information to enable the master of the ship to maintain the ship within
the stipulated operational limitations is to be provided onboard the ship. The loading guidance information is to include an approved
loading manual and loading computer system complying with the requirements given in Sections 8/1.1.2 and 8/1.1.3 respectively.
2.1.2 Submission of Calculation Data and Results
2.1.2.1 Where calculations have been carried out in accordance with the procedures given in the Appendices of this part, one copy
of the following supporting information is to be submitted as applicable:
(a) reference to the calculation procedure and technical program used
(b) adescription of the structural modelling
(c) asummary of the analysis parameters including properties and boundary conditions
(d) details of the loading conditions and the means of applying loads
(e) acomprehensive summary of calculation results
(f) sample calculations where appropriate.
2.1.2.2  In general, submission of large volumes of input and output data associated with programs, such as finite element analysis,
will not be required.
2.1.2.3 The responsibility for error free specification and input of program data and the subsequent correct transposal of output
resides with the designer.
2.1.3 Use of Computer Software for Rule Calculations
2.1.3.1 In general, any rule computation program recognised by the Society may be employed to determine scantlings according
to this part provided the implementation given in 5.1 is complied with.
2.1.3.2 A computer program that has been demonstrated to produce reliable results to the satisfaction of the Society is regarded as
a recognised program. Where the computer programs employed are not supplied or recognised by the Society, full particulars of the
computer program, including example calculation output, are to be submitted. It is recommended that the designers consult the Society

on the suitability of the computer programs intended to be used prior to the commencement of any analysis work.
2.2 Submission of Plans and Supporting Calculations

221 General
2.2.1.1 In general, the main categories and lists of information required are given in 2.2.2. Additional requirements for some items
are also given in subsequent sections as applicable.
2.2.1.2 Plans are generally to be submitted in triplicate, but one copy only is necessary for supporting documents and calculations.
Additional copies may be required according to the Society requirements.
2.2.1.3 Plansare to contain all necessary information to fully define the structure, including construction details, materials, welding
and loads imposed on the structure by equipment and systems as appropriate.
2.2.1.4 Plans are to include information related to the renewal thickness as specified in Section 12.
2.2.2 Plans and Supporting Calculations
2.2.2.1 In general, plans covering the following items are to be submitted:
(a) main scantling plans:
+ midship sections showing longitudinal and transverse structural members
* construction profiles/plans showing all main longitudinal structural elements along the ships
length including decks, inner bottom, bulkheads, double side stringers and double bottom girders

* shell expansion
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* main oil-tight and watertight transverse bulkheads including primary support members

(b) loading guidance information:

+ preliminary loading manual
- final loading manual
+ details of the design basis, see Section 8/1.1.2

* test conditions for the loading instrument

(c) detailed construction plans:

+ cargo tank construction plans showing the variations in detail arrangements and scantlings of
double bottom floors, double side webs and other transverse primary support members

+ fore end

- aft end

* engine room construction including the engine and thrust bearing seating

+ deckhouses and superstructures

(d) detail design plans except where the information is already included on plans listed in (a) and (c):

(©

2222
(a)
(b)
(©
(d)
©
2223
(@)
2.2.24
223
2.23.1
(a)
(b)
©
(d)
(©
®

+ sternframe

+ hull penetration plans

+ welding

- bilge keels

* booklet of standard design details

- anchoring and mooring equipment

+ pillar and girder support arrangements for decks

- access arrangements through double bottom and side skin spaces in the cargo tank region

+ details and arrangements of openings and attachments to the hull structure for means of access for
inspection purposes

plans detailing support structures except where the information is already included on plans listed in (a) to (d):
- anchoring windlass and chain stopper
* mooring winches
+ masts, derrick posts or cranes
* emergency towing equipment
- other deck equipment or fittings
The following supporting documents are to be submitted:
general arrangement
capacity plan
lines plan or equivalent
dry-docking plan, where developed
freeboard plan or equivalent, showing freeboards and items relative to the conditions of assignment
The following supporting calculations are to be submitted:
calculation of the equipment number.
Plans of items not covered by this part are to be submitted according to the requirements in Chapter 2, Part B.
Plans to be Supplied On Board the ship
One copy of the following plans indicating the new-building and renewal thickness for each structural item:
main scantling plans as given in 2.2.2.1(a)
one copy of the final approved loading manual, see 2.1.1
one copy of the final loading instrument test conditions, see Section 8/1.1.3
detailed construction plans as given in 2.2.2.1(c)
welding
details of the extent and location of higher tensile steel together with details of the specification and mechanical properties,

and any recommendations for welding, working and treatment of these steels

35



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 3 (February 2015) CIaSSNI(

(g) details and information on use of special materials, such as aluminium alloy, used in the hull construction.

(h) towing and mooring arrangements plan, see Section 11/3.1.6.16
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3. Scope of Approval

3.1 General

3.1.1 Rule Application

3.1.1.1 Further to the information contained in Section 1/1.1.1 and Section 1/1.2.1, this part covers the scantling requirements for
the classification of new double hull tankers of 150m or greater in length.

3.1.1.2 The attention of owners, designers, and builders is directed to the regulations of international, national, canal, and other
authorities dealing with those requirements which may affect structural aspects, in addition to or in excess of the classification
requirements.

3.1.1.3  Other aspects of the structural design not covered by this part are to be addressed using the rules of the Society.
3.2 Classification

3.2.1 General

3.2.1.1 The documentation, plans and data requirements specified in Sub-Section 2 are to be submitted. The Society will review
such documentation to verify compliance with the requirements.

3.2.1.2 An appropriate term to indicate that the plans, reports or documents have been reviewed for compliance with this part will

be used according to the Regulations for the Classification and Registry of Ships.
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4. Equivalence Procedure

4.1 General

4.1.1 Rule Applications
4.1.1.1 This part applies in general to double hull oil tankers of normal form, proportions, speed and structural arrangements.
Relevant design parameters defining the assumptions made are given in Section 2/3.
4.1.1.2 This part is applicable to steel ships of welded construction. Other materials for use in hull construction will be specially
considered.
4.1.1.3 Special consideration will be given to the application of this part incorporating design parameters which are outside the
design basis of Section 2/3, for example:
(a) increased fatigue life
(b) increased corrosion additions
(c) increased cargo density.
4.1.2 Novel Designs
4.1.2.1 Ships of novel design, i.e. those of unusual form, proportions, speed and structural arrangements outside those reflected in
Section 2/3.1.2 of this part will be specially considered according to the contents of this sub-section.
4.1.2.2 Information is be submitted to the Society to demonstrate that the structural safety of the novel design is at least equivalent
to that intended by this part.
4.1.2.3 In such cases, the Society is to be contacted at an early stage in the design process to establish the applicability of this part
and additional information required for submission.
4.1.2.4 Dependent on the nature of the deviation, a systematic review may be required to document equivalence with this part.
4.1.3 Alternative Calculation Methods
4.1.3.1 Where indicated in specific sections of this part, alternative calculation methods to those shown in this part may be accepted
provided it is demonstrated that the scantlings and arrangements are of at least equivalent strength to those derived using the Rule

calculation method.
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5. Calculation and Evaluation of Scantling Requirements

5.1 Determination of Scantling Requirements for Plates

5.1.1 Determination of Scantlings of Plate Strakes - Idealisation of Plate Panels

5.1.1.1 Scantlings of plate strakes are to be derived based on the idealisation of the as-built structure as a series of Elementary Plate
Panels (EPP).

5.1.1.2  An EPP is the unstiffened part of the plating between stiffeners. The plate panel length, /., and breadth, s, of the EPP
are defined in relation to the longest and shortest plate edges respectively, as shown in Fig. 3.5.1.

5.1.1.3 For strength assessment, the idealisation of EPP may be different and take into account the mesh arrangement in the FEM

model.
Fig. 3.5.1 Elementary Plate Panel Definition

D D > D i : i

— — —r — —— s b v b — e —— s - - y L PSM or

bS] A g I | Ai Stiffener

=1 = |
9] @ | . |
e e . I .
= — Y- L= 4. = : :
S EPP |« - S i : :
~ B ~4 — |

g @ i g : : :
& (RN, A S P I N +---  Z I i I
PN : I Py
| . |
T D > D . i .

— —_—f—— L= 4..- v | ! I PSM or

i ; | Stiffener

PSM or PSM or PSM or PSM or
Stiffener Stiffener Stiffener Stiffener
Longitudinal /horizontal framing Transverse/vertical framing

5.1.1.4 The required scantling of a plate strake is to be taken as the greatest value required for each EPP within that strake as given
by:
(a) an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Fig. 3.5.2
(b) an EPP with a strake boundary weld seam bisecting it predominantly in the direction of the long edge of the EPP, e.g.
EPPI, 3, 4 and 6 in Fig. 3.5.2
(c) an EPP with a strake boundary weld seam bisecting it predominantly in the direction of the short edge of the EPP within
more than half the EPP breadth, sy, from the edge, e.g. EPP1 and EPP2 in Fig. 3.5.3(a).
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Fig.3.5.2 Determining Elementary Plate Panels for a Strake
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Determination of Scantlings of Elementary Plate Panels for Scantling Requirements

The required scantling of each elementary plate panel is to be calculated based on a Load Calculation Point (LCP) defined

for longitudinal framing, at the mid length of the EPP measured along the global x-axis at its lower edge. For horizontal
plating the load calculation point is to be taken at the outboard y-value of the EPP. See Fig. 3.5.3(a)

for transverse framing, at the mid length of the EPP measured along the global x-axis at the lower edge of strake. For
horizontal plating the load calculation point is to be taken at the outboard y-value of the EPP. See Fig. 3.5.3(b)

for horizontal framing on vertical transverse structure, at the lower edge of the elementary plate panel at the point of
outboard y-value of the EPP. See Fig. 3.5.3(c)

for vertical framing on vertical transverse structure, at the greatest y-value of the lower edge of the EPP or at the lower
edge of strake. See Fig. 3.5.3(d)

Both the local pressure and hull girder stress used for the calculation of the local scantling requirements are to be taken at

Determination of Scantlings of Elementary Plate Panels for Hull Girder Strength
The required scantlings of the elementary plate panels are to satisfy the hull girder bending and hull girder shear

requirements of Section 8/1.

5132

The required thickness of each elementary plate panel, with respect to buckling, is to be calculated based on stresses taken

at the mid length of the EPP measured along the global x-axis.

5.133

The buckling evaluation is to be calculated using the stress distribution across the width of the panel defined with areference

stress taken at the edge with maximum stress and reduced stress at the other edge given as a fraction, ¢, defined in Table 10.3.1, of the

reference stress.

5.1.34
by:
(@
(b)

©

The required scantling of a plate strake is to be taken as the greatest value required for each EPP within that strake as given

an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Fig. 3.5.2

an EPP with a strake boundary weld seam bisecting it predominantly in the direction of the long edge of the EPP, e.g. EPP
1,3, 4 and 6 in Fig. 3.5.2

an EPP with a strake boundary weld seam bisecting it predominantly in the direction of the short edge of the EPP within
more than half the EPP breadth, sepp, from the edge, e.g. EPP 1 and 2 in Fig. 3.5.3(a).
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514 Determination of Scantlings of Elementary Plate Panels for FEM Strength Assessment

5.1.4.1 The required scantlings of elementary plate panels are to be derived from the plate mesh element with maximum utilisation,

see Section 9/2.

Fig.3.5.3 Example of Load Calculation Point for Typical Structural Configurations
(a) Longitudinal Framing
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(c) Horizontal Framing on Transverse Structure
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5.2 Determination of Scantlings of Stiffeners
5.2.1 Determination of Scantlings of Stiffeners - Idealisation of Stiffeners

5.2.1.1 Scantlings of individual stiffeners are to be derived based on the idealisation of the as-built structure as a series of stiffened
panels.
5.2.1.2 A stiffened panel consists of a single idealised stiffener profile and effective plate flange supporting a boundary of one or
more elementary plate panels. The arrangement of stiffened panels is based on the idealisation of the structure according to the
elementary plate panel definition in 5.1.1.
5.2.1.3 Scantlings of stiffeners based on requirements in Section 8 may be decided based on the concept of grouping designated
sequentially placed stiffeners of equal scantlings. The scantling of the group is to be taken as the greater of the following:
(a) the average of the required scantling of all stiffeners within a group
(b) 90% of the maximum scantling required for any one stiffener within the group.

The concept of grouping is not applicable to fatigue requirements as given in Section 9/3 and Appendix C.
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5.2.2 Determination of Scantlings of Stiffened Panels for Scantling Requirements and Fatigue
5.2.2.1 The required scantling of a stiffened panel is to be based on a pressure load calculation point defined as:
(a) mid point of the overall span, /s, of the stiffener between primary support members, see Fig.3.5.4

(b) at the connection of the stiffener to the plating.

Fig.3.5.4 Definition of Overall Span of Stiffeners,

Double Skin Construction

N N

lﬁ,zz

Single Skin Construction

_ _
: -

 full

5.2.2.2 For longitudinal and horizontal framing the design pressure is to be taken as the pressure at the mid point of the overall
span.

5.2.2.3 For transverse and vertical framing the design pressure is to be taken as the greater of the following:

Pos (kN/m?)
(Pend—1+Pend—2)
end—1""end-2 (N/mi)
2
Where:

Pns  :calculated pressure at mid point of overall span, Iy, in kN/m?
Peng-1 : calculated pressure at 1% end of overall span, in KN/m?
Pepa-> : calculated pressure at 2™ end of overall span, in kN/m>
lsn  :overall span, in m, see Fig. 3.5.4
5.2.2.4 The section modulus requirements given in this part relate to the reference point giving the minimum section modulus. In
general, this will be on the outer surface of the faceplate. The reference point for calculation of section modulus for typical profiles is
shown in Fig. 3.5.5.
5.2.2.5 The hull girder stress used for calculation of local scantling requirements for stiffeners is to be taken at the reference point

as shown in Fig. 3.5.5
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Fig. 3.5.5 Reference Point for Calculation of Section Modulus and Hull Girder Stress
for Local Scantling Assessment
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5.2.3 Determination of Scantlings of Stiffened Panels for Hull Girder Buckling Strength

5.2.3.1 The required scantling of a stiffened panel, with respect to buckling, is to be based on the axial stress calculated at the
attachment point of the stiffener to the plate and at the mid length of the stiffener measured along the global x-axis.

5.2.3.2 The required scantling as given in 5.2.3.1 applies to stiffeners outside of a distance s from the support, where s is the
stiffener spacing.

5.2.4 Determination of Scantlings of Stiffened Panels for FEM Strength Assessment

5.2.4.1 The required scantlings of the stiffened panel are to be based on the derivation of applied stresses in accordance with
Section 9/2.

5.2.5 Shear Area Requirements of Stiffeners

5.2.5.1 Requirements for the shear area and/or web thickness of stiffeners are given in Section 8.

5.2.5.2 The requirements in Section 8 are to be calculated based on the load point defined in 5.2.2 and the effective span as given
in Section 4/2.1.2.

5.2.5.3 The requirements in Section 8 are to be evaluated against the actual shear area of the stiffener, based on the effective shear
height of the stiffener as given in Section 4/2.4.2 and based on the specified minimum yield of the stiffener.

5.2.5.4 The effect of brackets may be included in the calculation of the effective span, but no part of the bracket is to be included
in the calculation of the actual shear area.

5.2.6 Bending Requirements of Stiffeners

5.2.6.1 Requirements for the section modulus and moment of inertia of stiffeners are given in Section 8.

5.2.6.2 The requirements in Section 8 are to be calculated based on the load point defined in 5.2.2 and the effective span as given
in Section 4/2.1.1.

5.2.6.3 The requirements in Section 8 are to be evaluated against the actual section modulus/moment of inertia of the stiffener.
The stiffener web and flanges are to be included in the calculation of actual sectional properties.

5.2.6.4 The effect of brackets may be included in the calculation of the effective span, but no part of the bracket is to be included
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in the calculation of section modulus/moment of inertia.
5.2.6.5 When the stiffener is of a higher strength material than the attached plate, the yield stress used for the calculation of the
section modulus requirements in Section 8 is in general not to be greater than 1.35 fimes the minimum specified yield stress of the

attached plate. If the yield stress of the stiffener exceeds this limitation the following criterion is to be satisfied:

Znet—plt

Oya-stf = (Uyd—plt - |ahg|) +|th| (N/mmz)

Where:
Oyasy  : specified minimum yield stress of the material of the stiffener, in N/nm®
Oyapr : specified minimum yield stress of the material of the attached plate, in N/mm?
Ong : maximum hull girder stress of sagging and hogging (S+D), in N/mm?, asdefined in Table 8.2.5 and
Table 8.4.3 for stiffeners in cargo tank region and machinery spaces respectively and not to be taken

as less than 0.4 6yq.pir

et : net section modulus, in way of face plate/free edge of the stiffener, in cm®
Znetpir : met section modulus, in way of the attached plate of stiffener, in cm?
5.2.7 Evaluation of Slanted Stiffeners

5.2.7.1 The shear area and section modulus requirements for local support members are valid about an axis parallel to the plate
flange. If the angle ¢, between the stiffener web and the attached plating is less than 75 degrees, see Fig. 4.2.14, then the actual shear
area and section modulus is to be adjusted in accordance with Sections 4/2.4.2 and 2.4.3. The angle between the stiffener web, ¢, and

the attached plating is not to be less than 50 degrees.

5.3 Calculation and Evaluation of Scantling Requirements for Primary Support Members

5.3.1 Load Application Point for Primary Support Members

5.3.1.1 The design pressure for primary support members is generally taken at the mid point of the load area. The design pressures
for the primary support members are defined for individual members as given in Section 8.

5.3.2 Shear Requirements of Primary Support Members

5.3.2.1 Requirements for shear area and/or web thickness of primary support members are given in Section 8.

5.3.2.2 These requirements are to be calculated based on the load point defined in 5.3.1 and the effective span as given in Section
4/2.1.5.

5.3.2.3 These requirements are to be evaluated against the actual shear area and the specified minimum yield of the web plate of
the primary support member. The actual shear area of the primary support member is defined in Section 4/2.5.1. The effect of brackets
may be included in the calculation of effective span, but are not to be included in the calculation of actual shear area.

5.3.3 Bending Requirements of Primary Support Members

5.3.3.1 Requirements for section modulus and moment of inertia of primary support members are given in Section 8 and Section
10, respectively.

5.3.3.2 These requirements are to be calculated based on the load point defined in 5.3.1 and the effective span as given in Section
4/2.14.

5.3.3.3 These requirements are to be evaluated against the actual section modulus/moment of'inertia of the primary support member.
Web and flanges are included in the calculation of actual sectional properties. The effect of brackets may be included in calculation of
effective span, but are not to be included in the calculation of section modulus/moment of inertia.

5.3.3.4 Where it is impracticable to fit a primary support member with the required web depth, then it is permissible to fit a member
with reduced depth provided that the fitted member has equivalent moment of inertia or deflection to the required member. The required
equivalent moment of inertia is to be based on an equivalent section given by the effective width of plating at mid span with required
plate thickness, web of required depth and thickness and face plate of sufficient width and thickness to satisfy the required mild steel
section modulus. All other rule requirements, such as minimum thicknesses, slenderness ratio, section modulus and shear area, are to
be satisfied for the member of reduced depth. The equivalent moment of inertia may be also demonstrated by an equivalent member

having the same deflection as the required member.
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5.4 Rounding of Calculated Thickness

5.4.1 Required Gross Thickness
5.4.1.1 The minimum required gross thickness of any member to be fitted at the new-building stage, exclusive of any owners’
extras, is to be taken as the rounded net thickness required plus the appropriate corrosion addition.
5.4.1.2 The required net thickness is given by rounding the calculated net thickness to the nearest half millimetre. For example:
(a) for 10.75 < teaic-nes< 11.25 mm the Rule required thickness is 11mm

(b) for 11.25 < teaic-nes < 11.75 mm the Rule required thickness is 11.5mm.
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Section 4 BASIC INFORMATION

1. Definitions

1.1 Principal Particulars

1.1.1 Lcsr-1, Rule Length

1.1.1.1  Lcsg-1, the rule length, is the distance on the waterline at the scantling draught, from the forward side of the stem to the
centreline of the rudder stock, in metres. Lcsg-71is not to be less than 96%, and need not be greater than 97%, of the extreme length on
the summer load waterline. In ships with an unusual stern and bow arrangement the length, Lcsz-7, will be specially considered.

1.1.2 Li, Load Line Length

1.1.2.1 Ly, the load line length is defined in the International Convention on Load Lines.

1.1.3 Moulded Breadth

1.1.3.1 B, the moulded breadth, is the maximum breadth of the ship, measured amidships to the moulded line of the frame, in
metres.

1.14 Moulded Depth

1.1.4.1 D, the moulded depth, is the vertical distance, in metres, amidships, from the moulded baseline to the moulded deck line
of the uppermost continuous deck measured at deck at side. On vessels with a rounded gunwale, D is to be measured to the continuation
of the moulded deck line.

1.1.5 Draughts

1.1.5.1 T, the draught in metres, is the summer load line draught for the ship in operation, measured from the moulded base line at
amidships. Note this may be less than the maximum permissible summer load waterline draught.

1.1.52  Tpa, is the minimum design ballast draught, in metres, at which the strength requirements for the scantlings of the ship are
met. The minimum design ballast draught is not to be greater than the minimum draught of ballast conditions including ballast water
exchange operation, measured from the moulded base line at amidships, for any ballast loading condition in the loading manual
including both departure and arrival conditions.

1.1.5.3  Tparn, the normal ballast draught in metres, is the draught at departure given for the normal ballast condition in the loading
manual, measured from the moulded base line at amidships, see Section 8/1.1.2.3. The normal ballast condition is the ballast condition
in compliance with condition specified in Section 8/1.1.2.2(a).

1.1.5.4  Tju, the full load design draught in metres, is the draught at departure given for the homogeneous full load condition in the
loading manual, measured from the moulded base line at amidships, see Section 8/1.1.2.3.

1.1.5.5 T, is the maximum design draught, in metres, at which the strength requirements for the scantlings of the ship are met.

1.1.6 Amidships

1.1.6.1 Amidships is to be taken as the middle of the rule length, Lcsz-7.

1.1.7 Moulded Displacement

1.1.7.1 A, the moulded displacement, in tonnes, corresponding to the underwater volume of the ship, at draught 7, in sea water
with a density of 1.025¢/m>.

1.1.8 Maximum Service Speed

1.1.8.1 ¥, the maximum ahead service speed, in knots, means the greatest speed which the ship is designed to maintain in service
at her deepest sea-going draught at the maximum propeller RPM and corresponding engine MCR (Maximum Continuous Rating).

1.1.9 Block Coefficient

1.1.9.1 G, the block coefficient at the scantling draught, is defined as:

c v
b= p 1
Lesg—rBwiTsc
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Where:
\% : moulded displacement volume at the scantling draught, in m?
Lesgr - rule length, as defined in 1.1.1.1
Bwi, : moulded breadth measured amidships, in m, at the scantling draught waterline

Tse : scantling draught, as defined in 1.1.5.5

1.1.9.2  Cp.1c, the block coefficient at considered loading condition, is defined as:
€y = —E

Lesp-rBwiTic

Where:

Vic :moulded displacement volume at the Ty, in m?
Lcsr-r : rule length, as defined in 1.1.1.1
Bwi : moulded breadth measured amidships, in m, at the T ¢
Tic : draught at amidships, in m, in the loading condition being considered.

1.1.10 Length between Perpendiculars

1.1.10.1 Ly, the length between perpendiculars, is the distance, in metres, on the scantling draught waterline from the fore side of
the stem to the after side of the rudder post, or to the centre of the rudder stock if there is no rudder post.

1.1.11 The Forward Perpendicular

1.1.11.1 FP, the forward perpendicular, is the perpendicular at the intersection of the scantling draught waterline with the fore
side of the stem. The F.P. is the forward end of the rule length, Lcsr-r.

1.1.12 The Aft Perpendicular

1.1.12.1 A.P, the aft perpendicular, is the perpendicular at the aft end of the rule length, Lcsg-r, measured from the FP.

1.1.13 Load Line Block Coefficient

1.1.13.1  Cu, the load line block coefficient, is defined in the International Convention on Load Lines as follows:

4

Cp =——
oL L, BT,

Where:
V. :moulded displacement volume at the moulded draught, 77, in m
Lr  :load line length, as defined in 1.1.2.1
Br  :moulded breadth, in m, as defined in 1.1.3.1
TL : the moulded draught measured to the waterline at 85% ofthe least moulded depth, in m
1.1.14 Deadweight
1.1.14.1 DWT, is the deadweight of the ship, in tonnes, floating in water with a specific gravity of 1.025, at the summer load line

3

draught.
1.2 Position 1 and Position 2
1.2.1 Position 1

1.2.1.1 Position 1 is defined as any location upon exposed freeboard and raised quarterdecks, and exposed superstructure decks
within the forward 0.25L;.

1.2.2 Position 2

1.2.2.1 Position 2 is defined as any location upon exposed superstructure decks abaft the forward 0.25L;.

1.3 Type ‘A’ and Type ‘B’ Freeboard Ships

1.3.1 ICLL Definition
1.3.1.1 A Type ‘A’ or Type ‘B’ freeboard ship is as defined in the International Convention on Load Lines.
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14 Coordinate System

14.1 Origin and Orientation
1.4.1.1 The coordinate system used within this Part is shown in Fig. 4.1.1. Motions and displacements are considered positive in

the forward, up and to port direction. Angular motions are considered positive in the clockwise direction about the x, y or z axis.
Fig. 4.1.1 Coordinate System

-

<

Z,up baseline

centreline

1.5 Naming Convention

1.5.1 Bulkhead Nomenclature
1.5.1.1 Figs. 4.1.2, 4.1.3 and 4.1.4 show the common structural nomenclature used within this Part.

Fig. 4.1.2 Corrugated Transverse Bulkhead Nomenclature
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Fig. 4.1.3 Flat Transverse Bulkhead Nomenclature
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1.6 Symbols

1.6.1 General
1.6.1.1 The symbols and subscripts used within this Part are defined locally. The principal particulars, as defined in 1.1, may be

referred to within text without reference.
1.7 Units

1.71 General
1.7.1.1 The following units are used within this Part. The units to be used within equations are given locally.
(a) General:
+ dimensions/distances m
* primary spacings m
+ secondary spacings mm

- area m
* volume m’

* mass t

+ velocity m/s

+ acceleration mls?

(b) Hull girder properties:

dimensions m
- area m?
- section modulus m?

- moment of inertia m
+ moment of area m

(c) Stiffener properties:

+ dimensions mm
- area cm?
- section modulus om®
* inertia cm®

- length/effective length m
* span m

(d) Plating dimensions:

* breadth mm

+ length m

+ thickness mm
(e) Loads:

* pressures kN/m?

* loads kN

* bending moment  ANm

+ shear force kN
(f) Miscellaneous:

+ yield strength Nimm?*

* stress Nimm?

- deflections mm

+ modulus of elasticity Nimm?*

* density thm?

+ displacement t

- angle deg

- calculated angle rad

* period s

+ frequency Hz

+ ship speed knots
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1.8 Glossary

1.8.1 Definitions of Terms
1.8.1.1 The terms in Table 4.1.1
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are used within this Part to describe the items which their respective definitions describe.

Table 4.1.1  Definitions of Terms

Terms Definition

Accommodation deck A deck used primarily for the accommodation of the crew

Accommodation ladder A portable set of steps on a ship’s side for people boarding from small boats or from a pier

Aft peak The area aft of the aft peak bulkhead

Aft peak bulkhead The first main transverse watertight bulkhead forward of the stern

Aft peak tank The compartment in the narrow part of the stern aft of the aft peak bulkhead

Anchor a device which is attached to anchor chain at one end and lowered into the sea bed to hold a ship

in position; it is designed to grip the bottom when it is dragged by the ship trying to float away

under the influence of wind and current; usually made of heavy casting or casting

Ballast tank A compartment used for the storage of water ballast

Bay The area between adjacent transverse frames or transverse bulkheads

Bilge keel A piece of plate set perpendicular to a ship’s shell along the bilges to reduce the rolling motion
Bilge plating The area of curved plating between the bottom shell and side shell. To be taken as follows: From

the start of the curvature at the lower turn of bilge on the bottom to the lesser of, the end of
curvature at the upper turn of the bilge on the side shell or 0.2D above the baseline/local

centreline elevation

Bilge strake The lower strake of bilge plating

Boss The boss of propeller is the central part to which propeller blades are attached and through which

the shaft end passes

Bottom shell The shell envelope plating forming the predominantly flat bottom portion of the shell envelope

including the keel plate

Bow The structural arrangement and form of the forward end of the ship

Bower Anchor An anchor carried at the bow of the ship

Bracket An extra structural component used to increase the strength of a joint between two structural
members

Bracket toe The narrow end of a tapered bracket

Breakwater Inclined and stiffened plate structure on a weather deck to break and deflect the flow of water

coming over the bow

Breast hook A triangular plate bracket joining port and starboard side structural members at the stem

Bridge An elevated superstructure having a clear view forward and at each side, and from which a ship
is steered

Bulb profile A stiffener utilising an increase in steel mass on the outer end of the web instead of a separate
flange

Bulkhead A structural partition wall sub-dividing the interior of the ship into compartments

Bulkhead deck The uppermost continuous deck to which transverse watertight bulkheads and shell are carried

Bulkhead stool The lower or upper base of a corrugated bulkhead

Bulkhead structure The transverse or longitudinal bulkhead plating with stiffeners and girders

Bulwark The vertical plating immediately above the upper edge of the ship’s side surrounding the exposed
deck(s)

Bunker A compartment for the storage of fuel oil used by the ship's machinery

Cable A rope or chain attached to the anchor
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Camber

The upward rise of the weather deck from both sides towards the centreline of the ship

Cargo tank bulkhead

A boundary bulkhead separating cargo tanks

Cargo area The part of the ship that contains cargo tanks and cargo/slop tanks and adjacent areas including
ballast tanks, fuel tanks, cofferdams, void spaces and also including deck areas throughout the
entire length and breadth of the part of the ship over the mentioned spaces. It includes the
collision bulkhead and the transverse bulkhead at the aft end of the cargo block.

Carlings A stiffening member used to supplement the regular stiffening arrangement

Casing The covering or bulkhead around or about any space for protection

Cellular construction

A structural arrangement where there are two closely spaced boundaries and internal diaphragm

plates arranged in such a manner to create small compartments

Centreline girder

A longitudinal member located on the centreline of the ship

Chain

Connected metal rings or links used for holding anchor, fastening timber cargoes, etc.

Chain locker

A compartment usually at the forward end of a ship which is used to store the anchor chain

Chain pipe

A section of pipe through which the anchor chain enters or leaves the chain locker

Chain stopper

A device for securing the chain cable when riding at anchor as well as securing the anchor in the

housed position in the hawse pipe, thereby relieving the strain on the windlass

Coaming

The vertical boundary structure of a hatch or skylight

Cofferdams

The spaces between two bulkheads or decks primarily designed as a safeguard against leakage

of oil from one compartment to another

Collar plate

A patch used to, partly or completely, close a hole cut for a longitudinal stiffener passing through

a transverse web

Collision bulkhead

The foremost main transverse watertight bulkhead

Companionway

A weathertight entrance leading from a ship’s deck to spaces below

Compartment

An internal space bounded by bulkheads or plating

Confined space

A space identified by one of the following characteristics: limited openings for entry and exit,

unfavourable natural ventilation or not designed for continuous worker occupancy

Corrugated bulkhead

A bulkhead comprised of plating arranged in a corrugated fashion

Cross ties Large transverse structural members joining longitudinal bulkheads and used to support them
against hydrostatic and hydrodynamic loads

Deck A horizontal structure element that defines the upper or lower boundary of a compartment

Deck house A decked structure other than a superstructure, located on the freeboard deck or above

Deck structure

The deck plating with stiffeners, girders and supporting pillars

Deep tank Any tank which extends between two decks or the shell/inner bottom and the deck above or
higher

Discharges Any piping leading through the ship’s sides for conveying bilge water, circulating water, drains
etc.

Docking bracket A bracket located in the double bottom to locally strengthen the bottom structure for the purposes

of docking

Double bottom structure

The shell plating with stiffeners below the top ofthe inner bottom and other elements below and

including the inner bottom plating

Doubler

Small piece of plate which is attached to a larger area of plate that requires strengthening in that

location. Usually at the attachment point of a stiffener

Double skin member

Double skin member is defined as a structural member where the idealized beam comprises webs,

with top and bottom flanges formed by attached plating

Duct keel

Akeel built of plates in box form extending the length of the cargo tank. It is used to house ballast

and other piping leading forward which otherwise would have to run through the cargo tanks
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Enclosed superstructure

The superstructure with bulkheads forward and/or aft fitted with weather tight doors and closing

appliances

Engine room bulkhead

A transverse bulkhead either directly forward or aft of the engine room

Face plate The section of a stiffening member attached to the plate via a web and is usually parallel to the
plated surface

Flange The section of a stiffening member, typically attached to the web, but is sometimes formed by
bending the web over. It is usually parallel to the plated surface

Flat bar A stiffener comprising only of a web

Floor A bottom transverse member

Forecastle A short superstructure situated at the bow

Fore peak The area of the ship forward of the collision bulkhead

Fore peak deck

A short raised deck extending aft from the bow of the ship

Freeboard deck

Generally the uppermost complete deck exposed to weather and sea, which has permanent means

of closing all exposed openings

Freeing port

An opening in the bulwarks to allow water shipped on deck to run freely overboard

Gangway The raised walkway between superstructure, such as between the forecastle and bridge, or
between the bridge and poop

Girder A collective term for primary supporting structural members

Gudgeon A block with a hole in the centre to receive the pintle of a rudder; located on the stern post, it
supports and allows the rudder to swing

Gunwale The upper edge of the ship’s sides

Gusset A plate, usually fitted to distribute forces at a strength connection between two structural
members

Hatch ways Openings, generally rectangular, in a ship’s deck affording access into the compartment below

Hawse pipe Steel pipe through which the hawser or cable of anchor passes, located in the ship's bow on either
side of the stem, also known as spurling pipe

Hawser Large steel wire or fibre rope used for towing or mooring

Hopper plating Plating running the length of a compartment sloping between the inner bottom and vertical
portion of inner hull longitudinal bulkhead

HP Holland Profile

Independent tank

A self supporting tank

Inner hull The innermost plating forming a second layer to the hull of the ship

Intercostal Longitudinal member between the floors or frames of a ship; it is non-continuous

JIS Japanese industrial standard profile

Keel The main structural member or backbone of a ship running longitudinal along centreline of
bottom. Usually a flat plate stiffened by a vertical plate on its centreline inside the shell

Knuckle A discontinuity in a structural member

Lightening hole

A hole cut in a structural member to reduce its weight

Limber hole

A small drain hole cut in a frame or plate to prevent water or oil from collecting

Local support members

Local support members are defined as local stiffening members which only influence the

structural integrity of a single panel, e.g. deck beams

Longitudinal centreline

bulkhead

A longitudinal bulkhead located on the centreline of the ship

Longitudinal hull girder

structural members

Structural members that contribute to the longitudinal strength of the hull girder, including: deck,
side, bottom, inner bottom, inner hull longitudinal bulkheads including upper sloped plating

where fitted, hopper, bilge plate, longitudinal bulkheads, double bottom girders and horizontal
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girders in wing ballast tanks

Longitudinal hull girder

shear structural members

Structural members that contribute to strength against hull girder vertical shear loads, including:

side, inner hull longitudinal bulkheads, hopper, longitudinal bulkheads and double bottom girders

Manhole

A round or oval hole cut in decks, tanks, etc., for the purpose of providing access

Margin plate The outboard strake of the inner bottom and when turned down at the bilge the margin plate (or
girder) forms the outer boundary of the double bottom

Notch A discontinuity in a structural member caused by welding

Oil fuel tank A tank used for the storage of fuel oil

Pillar A vertical support placed between decks where the deck is unsupported by the shell or bulkhead

Pintle Vertical pin on a rudder’s forward edge that enables the rudder to hang onto the stern post and
swing when it fits into the gudgeon

Pipe tunnel The void space running in the midships fore and aft lines between the inner bottom and shell
plating forming a protective space for bilge, ballast and other lines extending from the engine
room to the tanks

Poop The space below an enclosed superstructure at the extreme aft end of a ship

Poop deck The first deck above the shelter deck at the aft end of a ship

Primary support | Members of the beam, girder or stringer type which ensure the overall structural integrity of the

members hull envelope and tank boundaries, e.g. double bottom floors and girders, transverse side
structure, deck transverses, bulkhead stringers and vertical webs on longitudinal bulkheads

Rudder A device, usually of an aerofoil or flat section, that is used to steer a ship. A common type has a
vertical fin at the stern and is able to move from 35 degrees port to 35 degrees starboard; rudders
are characterised by their area, aspect ratio, and shape

Scallop A hole cut into a stiffening member to allow continuous welding of a plate seam

Scarfing bracket

A bracket used between two offset structural items

Scantlings The physical dimensions of a structural item

Scupper Any openings for carrying off water from a deck, either directly or through piping

Scuttle A small opening in a deck or elsewhere, usually fitted with a cover or lid or a door for access to
a compartment

Shedder plates Slanted plates that are fitted to minimise pocketing of residual cargo in way of corrugated

bulkheads

Sheer strake

The top strake of a ship’s side shell plating

Shelf plate

A horizontal plate located on the top of a bulkhead stool

Shell envelope plating

The shell plating forming the effective hull girder

Side shell

The shell envelope plating forming the side portion of the shell envelope above the bilge plating

Single skin member

Single skin member is defined as a structural member where the idealized beam comprises a

web, with a top flange formed by attached plating and a bottom flange formed by a face plate

Skylight A deck opening fitted with or without a glass port light and serving as a ventilator for engine
room, quarters, etc.

Slop tank A tank in an oil tanker which is used to collect the oil and water mixtures from cargo tanks after
tank washing

Spaces Separate compartments including tanks

Stay Bulwark and hatch coaming brackets

Stem The piece of bar or plating at which a ship's outside plating terminates at forward end

Stern frame The heavy strength member in single or triple screw ships, combining the rudder post

Stern tube A tube through which the shaft passes to the propeller; and acts as an after bearings for the

shafting and may be water or oil lubricated
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Stiffener A collective term for secondary supporting structural members
Stool A structure supporting tank bulkheads
Strake A course, or row, of shell, deck, bulkhead, or other plating

Strength deck

The uppermost continuous deck

Stringer

Horizontal girders linking vertical web frames

Stringer plate

The outside strake of deck plating

Superstructure A decked structure on the freeboard deck, extending from side to side ofthe ship or with the side
plating not being inboard of the shell plating more than 0.04B
Tank top The horizontal plating forming the bottom of a cargo tank

Towing pennant

A long rope which is used to effect the tow of a ship

Transom

The structural arrangement and form of the aft end of the ship

Transverse ring

All transverse material appearing in a cross-section of the ship's hull, in way of a double bottom

floor, vertical web and deck transverse girder

Transverse web frame

The primary transverse girders which join the ships longitudinal structure

Tripping bracket

A bracket used to strengthen a structural member under compression, against torsional forces

Tween deck An abbreviation of between decks, placed between the upper deck and the tank top in the cargo
tanks

Ullage The quantity represented by the unoccupied space in a tank

Void An enclosed empty space in a ship

Wash bulkhead A perforated or partial bulkhead in a tank

Watertight Watertight means capable of preventing the passage of water through the structure under a head

of water for which the surrounding structure is designed

Weather deck

A deck or section of deck exposed to the elements which has means of closing weathertight, all

hatches and openings

Weathertight

Weathertight means that in any sea conditions water will not penetrate into the ship

Web

The section of a stiffening member attached perpendicular to the plated surface

Wind and water strakes

The strakes of a ship's side shell plating between the ballast and the deepest load waterline

Windlass

A machine for lifting and lowering the anchor chain

Wing tank

The space bounded by the inner hull longitudinal bulkhead and side shell
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2. Structural Idealisation

2.1 Definition of Span

2.1.1 Effective Bending Span of Local Support Members

2.1.1.1 The effective bending span, /xg, of a stiffener is defined for typical arrangements in 2.1.1.3 to 2.1.1.7. Where arrangements
differ from those shown in Fig. 4.2.1 through Fig. 4.2.8, span definition may be specially considered.

2.1.1.2 The effective bending span may be reduced due to the presence of brackets, provided the brackets are effectively supported
by the adjacent structure, otherwise the effective bending span is to be taken as the full length ofthe stiffener between primary member
supports.

2.1.1.3 If the web stiffener is sniped at the end or not attached to the stiffener under consideration, the effective bending span is to
be taken as the full length between primary member supports unless a backing bracket is fitted, see Fig. 4.2.2.

2.1.1.4 The effective bending span may only be reduced where brackets are fitted to the flange or free edge of the stiffener. Brackets
fitted to the attached plating on the side opposite to that of the stiffener are not to be considered as effective in reducing the effective
bending span.

2.1.1.5 The effective bending span, /s, for stiffeners forming part of a double skin arrangement is to be taken as shown in Fig.
4.2.1.

2.1.1.6  The effective bending span, /pq, for stiffeners forming part of a single skin arrangement is to be taken as shown in Fig.
4.2.2.

2.1.1.7 For stiffeners supported by a bracket on one side of primary support members, the effective bending span is to be taken as
the full distance between primary support members as shown in Fig. 4.2.2(a). If brackets are fitted on both sides of the primary support
member, the effective bending span is to be taken as in Fig. 4.2.2(b), (c) and (d).
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Fig. 4.2.1

(Double Skin Construction)

Effective Bending Span of Stiffeners Supported by Web Stiffeners
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Fig. 4.2.2 Effective Bending Span of Stiffeners Supported by Web Stiffeners
(Single Skin Construction)
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2.1.1.8  Where the face plate of the stiffener is continuous along the edge of the bracket, the effective bending span s to be taken to
the position where the depth of the bracket is equal to one quarter of the depth of the stiffener, see Fig. 4.2.3.

Fig. 4.2.3 Effective Bending Span for Local Support Members with Continuous Face Plate along Bracket Edge

Span
I P -

/44

stf

2.1.1.9 For the calculation of the span point, the bracket length is not to be taken greater than 1.5 times the length of the arm on
the bulkhead or base.

2.1.2 Effective Shear Span of Local Support Members

2.1.2.1 The effective shear span, /., of a stiffener is defined for typical arrangements in 2.1.2.5 to 2.1.2.7. Effective bending span
for other arrangements will be specially considered.

2.1.2.2 The effective shear span may be reduced due to the presence of brackets provided the brackets are effectively supported by
the adjacent structure, otherwise the effective shear span is to be as the full length as given in 2.1.2.4.

2.1.2.3 The effective shear span may be reduced for brackets fitted on either the flange or the free edge of the stiffener, or for
brackets fitted to the attached plating on the side opposite to that of the stiffener. If brackets are fitted at both the flange or free edge of
the stiffener, and to the attached plating on the side opposite to that of the stiffener the effective shear span may be calculated using the
longer effective bracket arm.

2.1.2.4 The effective shear span may be reduced by a minimum of s/4,000 m at each end of the member, regardless of support

detail, hence the effective shear span, /-, is not to be taken greater than:
S

"~ 2000

lshr <!

Where:
I: full length of the stiffener between primary support members, in m
s: stiffener spacing, in mm, as defined in 2.2.1
2.1.2.5 The effective shear span, /, for stiffeners forming part of a double skin arrangement is to be taken as shownin Fig. 4.2.4.

2.1.2.6 The effective shear span, L. for stiffeners forming part of a single skin arrangement is to be taken as shown in Fig. 4.2.5.
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Effective Shear Span of Stiffeners Supported by Web Stiffeners (Double Skin Construction)
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Fig. 4.2.5 Effective Shear Span of Stiffeners Supported by Web Stiffeners (Single Skin Construction)
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Fig. 4.2.6 Effective Shear Span for Local Support Members with Continuous Face Plate along Bracket Edge

Shear Span, |

j/\/ shr

2.1.2.7 Where the face plate of the stiffener is continuous along the curved edge of the bracket, the effective shear span is to be
taken as shown in Fig. 4.2.6.

2.1.2.8 For curved and/or long brackets (high length/height ratio) the effective bracket length is to be taken as the maximum
inscribed 1:1.5 bracket as shown in Fig. 4.2.4(c) and Fig. 4.2.5(c).

2.1.3 Effect of Hull Form Shape on Span of Local Support Members

2.1.3.1 The full length of the stiffener between primary support members, /, is to be measured along the flange for stiffeners with

a flange, and along the free edge for flat bar stiffeners. For curved stiffeners the spanis defined as the chord length between span points.
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The calculation of the effective span is to be in accordance with requirements given in 2.1.1.

2.14 Effective Bending Span of Primary Support Members

2.1.4.1 The effective bending span, /yq, of a primary support member may be taken as less than the full length of the member
between supports provided that suitable end brackets are fitted.

2.1.4.2 For arrangements where the primary support member face plate is not carried continuously around the edge of the bracket,
i.e. the bracket is welded to the primary support member, the span point at each end of the member, between which the effective bending
span is measured, is to be taken at the point where the depth of end bracket measured from the face of the member is equal to one half
the depth of'the member, as shown in Fig. 4.2.7(b). The effective bracket used to define the span point is to be taken as given in 2.1.4.4.

2.1.4.3 Forbrackets where the face plate of the primary support member is continuous along the face of the bracket, i.e. the bracket
is integral part of the primary support member, the span point is to be taken at the position where the depth of the bracket is equal to
one quarter the depth of the member, see Fig. 4.2.7(a), (¢) and (d). The effective bracket used to define the span point is to be taken as
given in 2.1.4.4.

2.1.4.4 The effective bracket is defined as the maximum size of triangular bracket with a length to height ratio of 1.5 that just fits
inside the as fitted bracket, for curved brackets the tangent point is to be used to define the fit, see Fig. 4.2.7 for examples.

2.1.4.5 For straight brackets with a length to height ratio greater than 1.5, the span point is to be taken to the effective bracket; for
steeper brackets the span point is to be taken to the as fitted bracket.

2.1.4.6 For curved brackets the span point is to be measured taken to the fitted bracket at span positions above the tangent point
between fitted bracket and effective bracket. For span positions below the tangent point the span point is to be measured to the effective
bracket.

2.1.4.7 For arrangements where the primary support member face plate is carried on to the bracket and backing brackets are fitted
the span point need not be taken greater than to the position where the total depth reaches twice the depth of the primary support
member. Arrangements with small and large backing brackets are shown in Fig. 4.2.7(e) and (f).

2.1.4.8 For arrangements where the height of the primary support member is maintained and the face plate width is increased
towards the support the effective bending span may be taken to a position where the face plate breadth reaches twice the nominal
breadth.
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Fig. 4.2.7
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2.15 Effective Shear Span of Primary Support Members

2.1.5.1 The spanpoint at each end of the primary support member, between which the shear span is measured, is to be taken at the

toe of the effective brackets supporting the member, where the toes of effective brackets are as shown in Fig. 4.2.8. The effective
bracket used to define the toe point is given in 2.1.4.4.

2.1.5.2 For arrangements where the effective backing bracket is larger than the effective bracket in way of face plate, the shear

span is to be taken as the mean distance between toes of the effective brackets as shown in Fig. 4.2.8 (f).
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Fig. 4.2.8 Effective Span of Primary Support Member for Shear Assessment
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2.2 Definition of Spacing and Supported Breadth

221 Supported Load Breadth of Local Support Members

2.2.1.1 The mean of the stiffener spacings on each side is to be used for the calculation of the effective plate flange of stiffeners
and the load breadth supported by a stiffener, s, see Fig. 4.2.9.

2.2.2 Spacing and Supporting Load Breadth of Primary Support Members

2.2.2.1 Primary support member spacing, S, for the calculation of the effective plate flange of primary support members is to be
taken as the mean spacing between adjacent primary support members, as shown in Fig. 4.2.9.

2.2.2.2  Unless specifically defined elsewhere in the Rules, the loading breadth supported by a girder is defined as half the sum of
the primary support member spacing on each side, see Fig. 4.2.9.

2.2.3 Effective Spacing of Curved Plating

2.2.3.1 For curved plating the stiffener spacing or the primary support member spacing, s or S, is to be measured on the mean

chord between members.

Fig. 4.2.9 Supported Load Breadth and Breadth of Attached Plating for Local and Primary Support Members
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Note

1. The mean breadth is to be taken as 0.25 (a1 + a2 + b1 + b2), where a1, a2, b1, bz are the spacings between local and

primary support members at ends as appropriate.

2.3 Effective Breadth of Plating

231 Effective Breadth of Attached Plate of Local Support Members for Strength Evaluation

2.3.1.1 The effective breadth as defined in 2.3.1.2 is applicable to the scantling requirements of stiffeners as given in Section 8.

2.3.1.2 The effective breadth of the attached plate, beg; to be used for calculating the combined section modulus of the stiffener and
attached plate is to be taken as the mean stiffener spacing, s, as given in 2.2.1. However, where the attached plate net thickness, #-ser,

is less than 8mm, the effective breadth is not to be taken greater than 600mm.
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2.3.2 Effective Breadth of Attached Plate and Flanges of Primary Support Members for Strength Evaluation

2.3.2.1 The effective breadths as defined in 2.3.2.2 to 2.3.2.4 are applicable to the scantling requirements of primary support
members as given in Section 8.

2.3.2.2 Atthe end of the span where no effective end bracket is fitted, the effective breadth of attached plate, b.p, for calculating

the section modulus and/or moment of inertia of a primary support member is to be taken as:

1 1
b 0.67 Ssi z lbdg(l_ﬁ) f vdg (1_\/_5) <3
= 0. sin|—| ——— — <
eff 6 28 (m)  for 28
1
lbdg (1_ﬁ)
berr = 0.67S (m) for T >3
Where:

S : mean spacing of primary support member as defined in 2.2.2 at position considered, in m
Ly, - effective bending span, as defined in 2.1.4, in m
Note : sin() is to be calculated in radians
2.3.2.3 Atmid span, the effective breadth of attached plate, beg; for calculating the section modulus and/or moment of inertia of a

primary support member is to be taken as:

b, s = Ssin [l (lbﬂ)] (m) for (lbd‘g ) <9
s 18 \sv3 sV3
besy =108 (m) for (lbd‘g ) >9
sV3
Where:
S :mean spacing of primary support member as defined in 2.2.2 at position

considered, in m
l, 4, : effective bending span, as defined in 2.1.4, in m

Note : sin() is to be calculated in radians

2.3.2.4 Atthe end of the span where an effective end bracket is fitted, the effective breadth of attached plate, b.s, for calculating
the section modulus of a primary support member is to be taken as the mean values of those given by 2.3.2.2 and 2.3.2.3. A bracket is
considered effective when the length as defined in Fig. 4.2.7 is equal or greater than 0.1/pq,.

2.3.2.5 The free flange of primary support members of single skin construction may generally be considered fully effective
provided tripping bracket arrangements are fitted as required in Section 10/2.3.3. For curved face plates see 2.3.4.

2.33 Effective Breadth of Attached Plate of Local Support Members for Fatigue Strength Evaluation

2.3.3.1 The effective breadths as defined in 2.3.3.2 and 2.3.3.3 are applicable to the fatigue strength evaluation of local support
members as given in Section 9/3 and Appendix C.

2.3.3.2 Atthe ends of the span and in way of end brackets and supports, the effective breadth of attached plating, b.g to be used

for calculating the combined section modulus of the stiffener and attached plate is to be taken as:

. lbdg(l—%) 1000154 (1—%)
besr =0.67ssin|—| ——— (mm) for\ ————— |<3
6 2s 2s
1
1000lp44 (1-7)
besr = 0.67s (mm) for\ ——— |>3
2s
Where:
s : stiffener spacing, in mm, as defined in 2.2.1

l,q, : effective bending span, as defined in 2.1.1, in m

Note : sin() is to be calculated in radians

2.3.3.3 At mid span, the effective breadth of attached plate, beg; to be used for calculating the combined section modulus of the
stiffener and attached plate is to be taken as:
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VA 1000[bdg 10001bdy
bess = s sin [E (T)] (mm) for (T)S 9
1000144
besr=10s (mm) for (T)> 9
Where:
s : stiffener spacing, in mm, as defined in 2.2.1

l,q, :effective bending span, as defined in 2.1.1, in m

Note : sin() is to be calculated in radians

234 Effective Area of Curved Face Plates or Attached Plating of Primary Support Members
2.3.4.1 The effective area as defined in 2.3.4.2 and 2.3.4.3 is applicable to primary support members as follows:
(a) deriving the effective net area of curved face plates and curved attached plating for calculating the section modulus of
primary support members for the scantling requirements in Section 8
(b) deriving the effective net area of curved face plates, modelled by beam elements, for the strength assessment (FEM) in
Section 9/2 and Appendix B
2.3.42 The effective net area of curved face plates or attached plating of primary support members, Aegznesso, is to be taken as:
Aegnerso = Cripnesso by (mm?)
Where:

Cr flange efficiency coefficient as shown in Fig. 4.2.10

Nl L —netso

=Cp but not to be taken greater than 1.0
by
0.643 (sinh S cosh  + sin 8 cos f8)
Cn = > > for symmetrical and
sinh“ B + sin“p
unsymmetrical face plates, see Curve I in Fig. 4.2.10

0.78 (sinh 8 +sin ) (coshf8 — cosf)

= for attached plating of
sinh? B + sin? g plating

box girders with two webs, see Curve 2 in Fig. 4.2.10
1.56 (coshf — cosf)
sinhf + sinp

multiple webs, see Curve 3 in Fig. 4.2.10
1.285 b,

bi =0.5 (by— tw-nesn) for symmetrical face plates

for attached plating of box girders with

(rad)

= by for unsymmetrical face plates
= Sw— twnerso for attached plating of box girders
Sw spacing of supporting webs for box girders, in mm
toneis0 net flange thickness
= trgrs— 0.5tcor (mm)
for calculation of Crand S for unsymmetrical face plates #z.er501s not to be taken
greater than f-nesso
tars gross flange thickness, in mm

bw-net50 net web plate thickness

=tw-grs — 0.5tcorr (mm)
bw-grs gross web thickness, in mm
teorr corrosion addition, as given in Section 6/3.2
rr radius of curved face plate or attached plating, in mm
by breadth of face plate or attached plating, in mm

2.3.4.3 The effective net area of curved face plates supported by radial brackets, or attached plating supported by cylindrical
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stiffeners, Aef-nerso, is given by:

Aeff—netSO = (

2
37f tf—netso + Cr St

trnetsob (mm?)
3rf tr_netsot 512” ) Sonetsony

Where:

Cr : as defined in 2.3.4.2

tenets0 : net flange thickness, as defined in 2.3.4.2

Sy : spacing of tripping brackets or web stiffeners or stiffeners normal to the web plating,
in mm, see Fig. 4.2.11

by : breadth of face plate or attached plating, in mm, see Fig. 4.2.11

rr : radius of curved face plate or attached plating, in mm, see Fig. 4.2.11

Fig.4.2.10  Effective Width of Curved Face Plates for Alternative Structural Configurations
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Fig. 4.2.11  Curved Shell Panel and Face Plate

2.3.4.4 The effective area given in 2.3.4.2 and 2.3.4.3 is only applicable to faceplates and attached plating of primary support

members. This is not to be applied for the area of web stiffeners parallel to the face plate.
2.4 Geometrical Properties of Local Support Members
24.1 Calculation of Net Section Properties for Local Support Members
2.4.1.1 The net section modulus, moment of inertia and shear area properties of local support members are to be calculated using

the net thicknesses of the attached plate, web and flange.
2.4.1.2 The description of the net dimensions for typical profiles is given in Fig. 4.2.12.
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Fig. 4.2.12  Net Sectional Properties of Local Support Members
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w-grs tw—net

S

dedge

tf-grs tf-m’t

sif
4—»‘
bf
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Ttl”g"s Ttp—m’f
_ ¥ = =
L3 — Profile
V4
L» y
hstf
tw—net
_ +
Ttp-gm Ttpwct
Bulb Profile and Similar Profiles The net cross-sectional area, the moment of inertia about the
y-axis and the associated neutral axis position of the profile
is to be determined assuming the corrosion magnitude
0.5¢.0r~deducted from the surface ofthe profile cross-section
24.2 Effective Elastic Sectional Properties of Local Support Members

2.4.2.1 The net elastic shear area, Asir-el-ner, Of local support members is to be taken as:

(hstf + tp—net) tw—net Sin @y,

Ay oot = cm?
shr—el-net 100 ( )

Where:

hgr @ stiffener height, including face plate, in mm. See also 2.4.1.2

t-ner ©  net thickness of attached plate, in mm
twnet - net web thickness, in mm
pw  :angle between the stiffener web and attached plating, see Fig. 4.2.14, in degrees. ¢, is to be taken as 90 degrees if

the angle is greater than or equal to 75 degrees

2.4.2.2 The effective shear depth of stiffeners, d, is to be taken as:

dshr = (hstf + tp—net) Singow (mm)
Where:
hsy : stiffener height, including face plate, in mm. See also 2.4.1.2
ty-net : net thickness of attached plate, in mm
Ow : angle between the stiffener web and attached plating, see Fig. 4.2.14,

in degrees. ¢, 1s to be taken as 90 degrees if the angle is greater than or

equal to 75 degrees
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2.4.2.3 The elastic net section modulus, Z,..y-ne: 0f local support members is to be taken as:
Zet-gnet = Zsifnet SIN@yy (ecm®)
Where:
Zgrner - net section modulus of corresponding upright stiffener, i.e. when ¢,
is equal to 90 degrees, in cm®. See also 2.4.1.2
Ow : angle between the stiffener web and attached plating, see Fig. 4.2.14,
in degrees. ¢, is to be taken as 90 degrees if the angle is greater than

or equal to 75 degrees

243 Effective Plastic Section Modulus and Shear Area of Stiffeners
2.4.3.1 The net plastic shear area, Asirpiner, 0f local support members is to be taken as:

(hstft tp—net) tw—net Sin @y

Ashr—pl-net = 100 (cm?)
Where:
hsy : stiffener height, including face plate, in mm. See also 2.4.1.2
bp-net : net thickness of attached plate, in mm
ty-net : net web thickness, in mm
Ow : angle between the stiffener web and the plate flange, see Fig. 4.2.14, in degrees. ¢, is to be

taken as 90 degrees if the angle is greater than or equal to 75 degrees

Fig.4.2.14  Angle between Stiffener Web and Plate Flange

P
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2.4.3.2 The effective net plastic section modulus, Zp.ser, of local support members is to be taken as:
fw Aw? tw_necSin @, + 2y-1) Af—net(hf—ctr singy, — bg_c¢r COSQ w)

Zptnec = 2000 1000 ()
Where:
fw i web shear stress factor
=0.75 for flanged profile cross-sections with n =1 or 2
=1.0 for flanged profile cross-sections with #» = 0 and
for flat bar stiffeners
n :number of moment effective end supports of each member = 0, 1 or 2

A moment effective end support may be considered where:
(a) the stiffener is continuous at the support
(b) the stiffener passes through the support plate while it is connected at it’s
termination point by a carling (or equivalent) to adjacent stiffeners
(c) the stiffener is attached to a abutting stiffener effective in bending (not a
buckling stiffener) or bracket. The bracket is assumed to be bending effective
when it is attached to another stiffener (not a buckling stiffener).
dw :depth of stiffener web, in mm
= hgy - tener for T, L (rolled and built up) and L2 profiles
= hyy for flat bar and L3 profiles
to be taken as given in Table 4.2.3 and Table 4.2.4 for bulb profiles
hgy  : stiffener height, in mm, see Fig. 4.2.12
y  =025(1+.3+12p)
p = 0.5 for all cases, except L profiles without a mid span tripping bracket
106t2w—netffb l}% tw—net

80 bitr_perhpocer  2by
but not to be taken greater than 0.5 for L (rolled and built-up) profiles without a
mid span tripping bracket
Apne : met cross-sectional area of flange, in mm?
=bstener  In general
=0 for flat bar stiffeners
br  : breadth of flange, in mm, see Fig. 4.2.12. For bulb profiles, see Table 4.2.3 and
Table 4.2.4
brer : distance from mid thickness of stiffener web to the centre of the flange area
=0.5(bf — ty—grs) for rolled angle profiles
=0 for T profiles
as given in Table 4.2.3 and Table 4.2.4 for bulb profiles
hrer  height of stiffener measured to the mid thickness of the flange

= hstr— 0.5 trnes for profiles with flange of rectangular shape except for
L3 profiles
= hsf— dedge — 0.5 trner for L3 profiles

as given in Table 4.2.3 and Table 4.2.4 for bulb profiles
deag  distance from upper edge of web to the top of the flange, in mm. For L3 profiles,
see Fig. 4.2.12
fo =1.0 in general
=0.8 for continuous flanges with end bracket(s). A continuous flange is defined as
a flange that is not sniped and continuous through the primary support
member

=0.7 for non-continuous flanges with end bracket(s). A non-continuous flange is
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defined as aflange that is sniped at the primary support member or terminated
at the support without aligned structure on the other side of the support
lr :length of stiffener flange between supporting webs, in m, but reduced by the arm
length of end bracket(s) for stiffeners with end bracket(s) fitted
trner - met flange thickness, in mm
= 0 for flat bar stiffeners
given in Table 4.2.3 and Table 4.2.4 for bulb profiles
tw-ne: - net web thickness, in mm
pw :angle between the stiffener web and the plate flange, see Fig. 4.2.14, in degrees.

@w1s to be taken as 90 degrees if the angle is greater than or equal to 75 degrees

Table 4.2.3  Characteristic Flange Data for HP Bulb Profiles (see Fig. 4.2.15)
hay du brgrs trars brer hen
(mm) (mm) (mm) (mm) (mm) (mm)
200 171 40 14.4 10.9 188
220 188 44 16.2 12.1 206
240 205 49 17.7 13.3 225
260 221 53 19.5 14.5 244
280 238 57 21.3 15.8 263
300 255 62 22.8 16.9 281
320 271 65 25.0 18.1 300
340 288 70 26.4 19.3 318
370 313 77 28.8 21.1 346
400 338 83 315 22.9 374
430 363 90 33.9 24.7 402
Note
1. Characteristic flange data converted to net scantlings are given as:
br = brgs + 2 buner
Uenet = tigrs = teorr
tw-net = bw-grs = leorr
Table 4.2.4  Characteristic Flange Data for JIS Bulb Profiles (see F ig. 4.2.15)
hsy dw brers' trers brerr hpew
(mm) (mm) (mm) (mm) (mm) (mm)
180 156 34 11.9 9.0 170
200 172 39 13.7 10.4 188
230 198 45 15.2 11.7 217
250 215 49 17.1 12.9 235
Note
1. Characteristic flange data converted to net scantlings are given as:

bf = bf-gr: +2 by-net
Ufnet = l_‘f-gr.v* - leorr

tw-net = tw—grs - teorr
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Fig. 4.2.15  Characteristic Data for Bulb Profiles
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2.5 Geometrical Properties of Primary Support Members
2.5.1 Effective Shear Area of Primary Support Members

2.5.1.1 For calculation of the shear area of primary support members the web height, 4., is to be taken as the moulded height of
the primary support member.

2.5.1.2 For single and double skin primary support members, the effective net shear area, Asur-ness0, is to be taken as:

Ashrnerso = 0.01 hy ty-nerso Singy (cm®)
Where:
hn : for a single skin primary support member, see Fig. 4.2.16, the effective web
height, in mm, is to be taken as the lesser of
(a) hw
(b) Az + hna
(©) At + hno+ s

: for a double skin primary support member, the same principle is to be adopted

in determining the effective web height.

Iy : web height of primary support member, in mm
hnty hn2, B3, ha : as shown in Fig. 4.2.16
bw-netso : net web thickness
= tw-grs — 0.5 teorr (mm)
bu-grs : gross web thickness, in mm
teorr : corrosion addition, as given in Section 6/3.2, in mm
% : angle between the web and attached plating, see Fig.4.2.14, in degrees. ¢, is to

be taken as 90 degrees if the angle is greater than or equal to 75 degrees
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Fig. 4.2.16  Effective Shear Area in way of Openings
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Note :
The figure shows effective web height for a single skin primary support member. The effective web height of a

double skin primary support member follows the same principles.

2.5.1.3 Where an opening is located at a distance less than 4,/3 from the cross-section considered, %, is to be taken as the smaller
of the net height and the net distance through the opening. See Fig. 4.2.16.
2.5.1.4 Where a girder flange ofa single skin primary support member is not parallel to the axis of the attached plating, the effective
net shear area, Agir-netso, 1S to be taken as:
Ashronetso = 0.01 Iy tnerso + 1.3 Agnerso sin 26 sin 6 (cm?)
Where:
Apn, : net flange/face plate area
=00 b tinessy (em®
br  :breadth of flange or face plate, in mm
tener @ net flange thickness
= trgrs — 0.5tcon (mm)
trgrs : gross flange thickness, in mm
teorr : corrosion addition, as given in Section 6/3.2, in mm
6  :angle of slope of continuous flange, see Fig. 4.2.17
tw-ne : met web thickness, as defined in 2.5.1.2, in mm

h,  :effective web height, as defined in Fig. 4.2.16, in mm
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Fig. 4.2.17  Effective Shear Area in way of Brackets
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2.5.2 Effective Section Modulus of Primary Support Members
2.5.2.1 The net section modulus of primary support members is to be calculated using the net thicknesses of the attached plate,
web and face plate (or top attached plate for double skin girders), where the net thicknesses are to be taken as:
tw-nets0 = tw-grs— 0.5t.0-  mm, for the net web thickness
ty-net50 = tp-grs— 0.5tcom mm, for the net lower attached plate thickness

tnerso = trgrs— 0.5tcon mm, for the net upper attached plate or face plate

Where:
bu-grs : gross web thickness, in mm
bp-grs : gross thickness of lower attached plate, in mm
tegrs : gross thickness of upper attached plate or face plate, in mm
teorr : corrosion addition, as given in Section 6/3.2, in mm
Note :

See 2.3.4 for curved face plates of primary support members
Where angle between the primary support member web and the plate flange is less than 75 degrees, the section modulus is to be

directly calculated.

2.6 Geometrical Properties of the Hull Girder Cross-Section
2.6.1 Vertical Hull Girder Section Modulus
2.6.1.1 The effective vertical hull girder section modulus, Z,, at any vertical distance, z, above the baseline is defined by:
L
=—— )
v |Z—ZNA|
where:
1, : vertical hull girder moment of inertia, of all longitudinally continuous members in cross section under
consideration, after deduction of openings as given in 2.6.3, in m*
z : distance from the structural member under consideration to the baseline, in m

zna  :distance from the baseline to the horizontal neutral axis of the hull girder cross-section, in m
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2.6.1.2 For calculation of the vertical net hull girder section modulus for the strength assessment, Zy.ne50, required by Section 8,
the vertical net hull girder moment of inertia and position of horizontal neutral axis is to be calculated based on gross thickness minus
the corrosion addition 0.5%., of all effective structural members comprising the hull girder section, where #..- is as defined in Section
6/3.2.

2.6.1.3 For calculation of vertical net hull girder section modulus for the fatigue assessment, Z,....75, required by Section 9/3, the
vertical net hull girder moment of inertia and position of horizontal neutral axis is to be calculated based on gross thickness minus the
corrosion addition 0.25¢.,,of all effective structural members comprising the hull girder section, where #..- is as defined in Section
6/3.2.

2.6.2 Horizontal Hull Girder Section Modulus
2.6.2.1 The effective horizontal hull girder section modulus, Z;, at any transverse coordinate, y, is to be taken as:
n
ol "
where:
I : horizontal hull girder moment of inertia, ofall longitudinally continuous members in cross section under
consideration, after deduction of openingsas given in 2.6.3, in m*
y : transverse coordinate, in m

yna  :distance from the centreline to the vertical neutral axis of the hull girder cross section, in m

2.6.2.2 Forcalculation of the horizontal net hull girder section modulus for the strength assessment, Zj-ners50, required by Section 8,
the horizontal net hull girder moment of inertia and position of vertical neutral axis is to be calculated based on gross thickness minus
the corrosion addition 0.5%. of all effective structural members comprising the hull girder section, where #..- is as defined in Section
6/3.2.

2.6.2.3 For calculation of the horizontal net hull girder section modulus for fatigue assessment, Zj.se175, as required in Section 9/3,
the net horizontal hull girder moment of inertia and position of vertical neutral axis is to be calculated based on gross thickness minus
the corrosion addition 0.25%., of all effective structural members comprising the hull girder section, where #...- is as defined in Section
6/3.2.

2.6.3 Effective Area for Calculation of Hull Girder Moment of Inertia and Section Modulus

2.6.3.1 The effective hull girder sectional area includes all the longitudinally continuous structural members after deduction of
openings. The structural members given in 2.6.3.2 are not to be included in the effective hull girder sectional area. The definition of
openings to be deducted and deduction free openings are given in 2.6.3.4 — 2.6.3.9. The definition of effective area in way of non-
continuous bulkheads and decks is given in 2.6.3.10.

2.6.3.2 The following structural members are not to be considered as effectively contributing to the hull girder sectional area as
they do not provide sufficient structural continuity and are therefore to be excluded in the calculation:

(a) superstructures which do not form a strength deck

(b) deck houses

(c) vertically corrugated bulkheads

(d) bulwarks and gutter plates

(e) bilge keels

(f) sniped or non-continuous longitudinal stiffeners if the cross-section under consideration is closer than twice the height of
the stiffener from the end of the stiffener.

2.6.3.3 The following definitions of opening are to be applied:

(a) large openings are openings exceeding 2.5m in length and/or 1.2m in breadth, where the length is measured along the
global x-axis of the ship as defined in Fig. 4.1.1
(b) small openings are openings that are not large openings i.e. manholes, lightening holes, etc.
(c) isolated openings are openings spaced not less than 1m apart in the ship’s transverse/vertical direction
2.6.3.4 Large openings and small openings that are not isolated are to be deducted from the sectional area used in the section

modulus calculation.
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2.6.3.5 Isolated small openings in longitudinal stiffeners or girders are to be deducted if their depth exceeds 25% ofthe web depth.
2.6.3.6 When several openings are located in or adjacent to the same cross-section, the total equivalent breadth of the combined
openings, Xbgeq, 1s to be deducted, see 2.6.3.7 to 2.6.3.8 and Fig. 4.2.18.
2.6.3.7 Isolated small openings need not be deducted provided that the sum of their breadths, or shadow area breadths, in one
transverse section does not reduce the hull girder section modulus at deck or baseline by more than 3%. Alternatively isolated small
openings need not to be deducted provided the total equivalent breadth of small openings, Zbgn, is less than:
Shom = 0.06(Byee = Shaea)  (m)

Where:

2bsm : total equivalent breadth of small openings, see Fig. 4.2.18
= bgm1 + bsm2 + bsmz  (m)

Byecr : the breadth of the ship at the section being considered, in m

2biea  :total equivalent breadth of combined openings specified in 2.6.3.7, in m

The effect of the shadow area of deductible openings is to be taken into account.

2.6.3.8 When calculating the total equivalent breadth of small openings, 2b,n, each opening is assumed to have a longitudinal
shadow area, see Fig. 4.2.18. This shadow area is obtained by drawing two tangent lines with an angle of 15 degrees to the longitudinal
axis of the ship.

2.6.3.9 Full or partial compensation of openings may be provided by increasing the sectional area of the plating, longitudinal
stiffeners or girders, or other suitable structure. The compensation area is to extend well beyond the forward and aft end of the opening.
Any local edge reinforcement of the opening is not to be included in the effective area of the hull girder section modulus calculations.
Compensation is not necessary for openings which are not required to be deducted in accordance with 2.6.3.7.

2.6.3.10  When calculating the ineffective area in way of large openings and in way of non-continuous decks and longitudinal
bulkheads, the effective area is to be taken as shown in Fig. 4.2.19. The shadow area, which indicates the area that is not effective, is

obtained by drawing two tangent lines with an angle of 15 degrees to the longitudinal axis of the ship.
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Fig. 4.2.18  Calculation of Equivalent Breadth

Global x-axis
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Fig. 4.2.19  Effective Area in way of Non-Continuous Decks and Bulkheads
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2.6.4 Effective Vertical Hull Girder Shear Area
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2.6.4.1 The effective net hull girder vertical shear area includes the net plating area of the side shell including the bilge, the inner

hull including the hopper side and the outboard girder under and the longitudinal bulkheads including the double bottom girders in line.

2.6.4.2 For calculation of the net hull girder vertical shear area, the net plating area is to be calculated based on the net thickness,

tmeiso, given by the gross thickness minus the corrosion addition 0.5, of all effective structural members given in 2.6.4.1. Where f.or-

is as defined in Section 6/3.2.

2.6.4.3 For longitudinal strength members forming the web of the hull girder which are inclined to the vertical, the area of the

member to be included in the shear force calculation is to be based on the projected area onto the vertical plane. See Fig. 4.2.20.
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2.6.4.4 The calculation of the net effective shear area for vertical and horizontal corrugated bulkheads is to be based on the net
effective equivalent thickness, fcg-ners0, given by:
beg
teg-netso = [0-5 (tw—grs + tf—grs) m] —0.5tcory  (mm)

Where:

ty_grs :gross corrugation web thickness, in mm

Ly grs :gross corrugation flange thickness, in mm
b, : projected length of one corrugation, in mm, as defined in Fig. 4.2.20
b,_., :breadth of corrugation web, in mm, as defined in Fig. 4.2.20
b;_., :breadth of corrugation flange, in mm, as defined in Fig. 4.2.20

teorr : corrosion addition, as defined in Section 6/3.2

2.6.4.5 The equivalent net corrugation thickness, fg-nes50, is only applicable for the calculation of the effective area, Aegnesso, and

shear force distribution factor, fias defined in Section 8/1.3.2.2.

Fig. 4.2.20  Effective Shear Area
Actual Calculation

Transform
________ —— — bw{g

Same datum line
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3. Structure Design Details

3.1 Standard Construction Details

3.1.1 Details to be Submitted
3.1.1.1 A booklet of standard construction details is to be submitted for review. It is to include the following:
(a) the proportions of built-up members to demonstrate compliance with established standards for structural stability, see
Section 10
(b) the design of structural details which reduce the harmful effects of stress concentrations, notches and material fatigue; such
as:
+ details of the ends, at the intersections of members and associated brackets
+ shape and location of air, drainage, and/or lightening holes
+ shape and reinforcement of slots or cut-outs for internals
+ elimination or closing of weld scallops in way of butts, ‘softening’ of bracket toes, reduction of abrupt
changes of section or structural discontinuities
- proportion and thickness of structural members to reduce fatigue response due to engine, propeller or wave

induced cyclic stresses, particularly for higher strength steels.
3.2 Termination of Local Support Members

3.21 General

3.2.1.1 In general, structural members are to be effectively connected to adjacent structures to avoid hard spots, notches and stress
concentrations.

3.2.1.2 Where astructural member is terminated, structural continuity is to be maintained by suitable back-up structure fitted in
way of the end connection of frames, or the end connection is to be effectively extended with additional structure and integrated with
an adjacent beam, stiffener, etc.

3.2.1.3 All types of stiffeners (longitudinals, beams, frames, bulkhead stiffeners) are to be connected at their ends. However, in
special cases sniped ends may be permitted. Requirements for the various types of connections (bracketed, bracketless or sniped ends)
are given in 3.2.3 to 3.2.5.

3.2.2 Longitudinal Members

3.2.2.1 All longitudinals are to be kept continuous within the 0.4Lcsr-r amidships cargo tank region. In special cases, in way of
large openings, foundations and partial girders, the longitudinals may be terminated, but end connection and welding is to be specially
considered.

3.2.2.2 Where continuity of strength of longitudinal members is provided by brackets, the correct alignment of the brackets on
each side of the primary support member is to be ensured, and the scantlings of the brackets are to be such that the combined
stiffener/bracket section modulus and effective cross-sectional area are not less than those of the member.

3.2.3 Bracketed Connections

3.2.3.1 Atbracketed end connections, continuity of strength is to be maintained at the stiffener connection to the bracket and at the
connection ofthe bracket to the supporting member. The brackets are to have scantlings sufficient to compensate for the non-continuous
stiffener flange or non-continuous stiffener.

3.2.3.2 The arrangement of the connection between the stiffener and the bracket is to be such that at no point in the connection,
the section modulus is less than that required for the stiffener.

3.2.3.3 Minimum net bracket thickness, fpirnes, is to be taken as:

o
yd-stf
toke—net = (2 + foke/Zri-net) (mm)

Oyd —bkt

, but is not to be less than 6mm and need not be greater than 13.5mm
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Where:
Soke 0.2 for brackets with flange or edge stiffener
0.3 for brackets without flange or edge stiffener
Zines et rule section modulus, for the stiffener, in em?. In the case of two stiffeners
connected, it need not be taken as greater than that of the smallest connected
stiffener
Ovasy  : specified minimum yield stress of the material of the stiffener, in N/mm®
Syanke  : specified minimum yield stress of the material of the bracket, in N/mm?

3.2.3.4 Brackets to provide fixity of end rotation are to be fitted at the ends of discontinuous local support members, except as

otherwise permitted by 3.2.4. The end brackets are to have arm lengths, Iy, not less than:

Zyi— .
Lprt = Cppe —rlnet mm, but is not to be less than:

Upkt—net
1.8 times the depth of'the stiffener web for connections where the end of the stiffener web is supported and the bracket
is welded in line with the stiffener web or with offset necessary to enable welding, see Fig. 4.3.1(c)

2.0 times for other cases, see Fig. 4.3.1(a), (b) and (d)

Where:
Chht 65 for brackets with flange or edge stiffener
70 for brackets without flange or edge stiffener
Zri-net : net rule section modulus, for the stiffener, in cm?. In the case of two stiffeners connected, it need
not be taken as greater than that of the smallest connected stiffener
tokener - minimum net bracket thickness, as defined in 3.2.3.3

3.2.3.4bis Incase of different arm lengths the lengths of the arms, measured from the plating to the toe of the bracket, are to be such

that the sum of them is greater than 2/ and each arm not to be less than 0.8/, where Iy is as defined in 3.2.3.4.
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Fig. 4.3.1 Bracket Arm Length
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Note
1. For stiffeners of configuration (b) that are not lapped, the bracket arm length Iy is not to be less than the stiffener
height Ay

2. For stiffener arrangements similar to (¢) and (d) where the smaller attached stiffener, labelled as Ay, is connected to
a primary support member or bulkhead, the height of the bracket is not to be less than the height of the attached
stiffener, Ay .

3.2.3.5 The proportions and edge stiffening of brackets are to be in accordance with the requirements of Section 10/2.4. Where an

edge stiffener is required, the depth of stiffener web, d, is not to be less than:

Zrl-net
d, = 45(1+ —_— mm, but is not to be less than 50mm
2000
Where:
Zri-net : net rule section modulus, for the stiffener, in cm®. In the case of two stiffeners connected,

it need not be taken as greater than that of the smallest connected stiffener
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3.24 Bracketless Connections

3.2.4.1 Local support members, for example longitudinals, beams, frames and bulkhead stiffeners forming part of the hull structure,
are generally to be connected at their ends, in accordance with the requirements of 3.2.2 and 3.2.3.

3.2.42 Where alternative connections are adopted, the proposed arrangements will be specially considered.

3.2.4.3 The design of end connections and their supporting structure is to be such as to provide adequate resistance to rotation and
displacement of the joint.

3.25 Sniped Ends

3.2.5.1 Stiffeners with sniped ends may be used where dynamic loads are small and where the incidence of vibration is considered
to be small, i.e. structure not in the stern area and structure not in the vicinity of engines or generators, provided the net thickness of

plating supported by the stiffener, #-yes, is not less than:

S\ sPk
tynet =C 1000/ — E F (mm)

Where:

/ : stiffener span, in m

K : stiffener spacing, in mm, as defined in 2.2

P : design pressure for the stiffener for the design load set being considered, in kN/m>. The design load

sets and method to derive the design pressure are to be taken in accordance with the following
criteria, which define the acceptance criteria set to be used
(a) Table 8.2.5 in the cargo tank region
(b) Section 8/3.9.2.2 in the area forward of the forward cargo tank, and in the aft end
(c) Section 8/4.8.1.2 in the machinery space
(d) Section 8/6.2.4.1 and 6.2.5.3 as applicable for the particular structure under consideration
k . higher strength steel factor, as defined in Section 6/1.1.4

ca . coefficient for the design load set being considered, to be taken as
=12 for acceptance criteria set ACI and sloshing design load
=1.1 for acceptance criteria set AC2

3.2.5.2 Bracket toes and sniped end members are, in general, to be kept within 25mm of the adjacent member. The maximum
distance is not to exceed 40mm unless the bracket or member is supported by another member on the opposite side of the plating.
Special attention is to be given to the end taper by using a sniped end of not more than 30 degrees. The depth of toe or sniped end is,
generally, not to exceed the thickness of the bracket toe or sniped end member, but need not be less than 15mm.

3.2.5.3 The end attachments of non-load bearing members may be snipe ended. The sniped end is to be not more than 30 degrees
and is generally to be kept within 50mm of the adjacent member unless it is supported by a member on the opposite side of the plating.
The depth of the toe is generally not to exceed 15mm.

3.2.6 Air and Drain Holes and Scallops

3.2.6.1 Air and drain holes and scallops are to be kept at least 200mm clear of the toes of end brackets, end connections and other
areas of high stress concentration measured along the length of the stiffener toward the mid-span and 50mm measured along the length
in the opposite direction. See Fig. 4.3.2(b). Openings that have been fitted with closing plates, such as scallops, may be permitted in
way of block fabrication butts. In areas where the shear stress is less than 60 percent of the allowable limit, alternative arrangements
may be accepted. Openings are to be well-rounded. Fig. 4.3.2(a) shows some examples of air and drain holes and scallops. In general,
the ratio of a/b, as defined in Fig. 4.3.2(a), is to be between 0.5 and 1.0. In fatigue sensitive areas further consideration may be required

with respect to the details and arrangements of openings and scallops.
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Fig. 4.3.2(a) Examples of Air and Drain Holes and Scallops
b
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Note

The details shown in this figure are for guidance and illustration only.

Fig. 4.3.2(b) Location of Air and Drain Holes

200 50200

Openings to be kept clear of these areas.

3.2.7 Special Requirements

3.2.7.1 Closely spaced scallops or drain holes, i.e. where the distance between scallops/drain holes is less than twice the width b
as shown in Fig. 4.3.2(a), are not permitted in longitudinal strength members or within 20% of the stiffener span measured from the
end of the stiffener. Widely spaced air or drain holes may be permitted provided that they are of elliptical shape or equivalent to

minimise stress concentration and are, in general, cut clear of the weld connection.
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33 Termination of Primary Support Members

3.31 General
3.3.1.1 Primary support members are to be arranged to ensure effective continuity of strength. Abrupt changes of depth or section
are to be avoided. Primary support members in tanks are to form a continuous line of support and, wherever possible, a complete
ring system.
3.3.1.2 The members are to have adequate lateral stability and web stiffening, and the structure is to be arranged to minimise hard
spots and other sources of stress concentration. Openings are to have well-rounded corners and are to be located considering the
stress distribution and buckling strength of the panel.
3.3.2 End Connection
3.3.2.1 Primary support members are to be provided with adequate end fixity by brackets or equivalent structure. The design of
end connections and their supporting structure is to provide adequate resistance to rotation and displacement of the joint and effective
distribution of the load from the member.
3.3.2.2 The ends of brackets are generally to be soft-toed. The free edges of the brackets are to be stiffened. Scantlings and details
are given in 3.3.3.
3.3.2.3 Where primary support members are subject to concentrated loads additional strengthening may be required, particularly
if these are out of line with the member web.
3.3.2.4 In general, ends of primary support members or connections between primary support members forming ring systems are
to be provided with brackets. Bracketless connections may be applied provided that there is adequate support of the adjoining face
plates.
3.33 Brackets
3.3.3.1 In general, the arm lengths of brackets connecting primary support members are not to be less than the web depth of the
member, and need not be taken as greater than 1.5 times the web depth. The thickness of the bracket is, in general, not to be less than
that of the girder web plate.
3.3.3.2 Fora ring system where the end bracket is integral with the webs of the members and the face plate is carried continuously
along the edges of the members and the bracket, the full area of the largest face plate is to be maintained close to the mid point of
the bracket and gradually tapered to the smaller face plates. Butts in face plates are to be kept well clear of the bracket toes.
3.3.3.3  Where a wide face plate abuts a narrower one, the taper is generally not to be greater than 1 in 4. Where a thick face plate
abuts against a thinner one and the difference in thickness is greater than 4mm, the taper of the thickness is not to be greater than 1
in 3.
3.3.3.4 Face plates of brackets (typical brackets similar to those indicated in Fig. 4.2.7b) are to have a net cross-sectional area, Az
net, Which is not to be less than:
Af_net = lpkt—eaget brt-net (cm?®)
Where:
l, kt-eage - length of free edge of bracket, in m. For brackets that are curved the length of the
free edge may be taken as the length of the tangent at the midpoint of the free

edge. If [, is greater than 1.5m, 40 percent of the face plate area is to be in a

edge
stiffener fitted parallel to the free edge and a maximum 0.15m from the edge

Thkt-net : minimum net bracket thickness, in mm, as defined in 3.2.3.3

3.34 Bracket Toes

3.3.4.1 The toes of brackets are not to land on unstiffened plating. Notch effects at the toes of brackets may be reduced by making
the toe concave or otherwise tapering it off. In general, the toe height is not to be greater than the thickness of the bracket toe, but
need not be less than 15mm. The end brackets of large primary support members are to be soft-toed. Where any end bracket has a
face plate, it is to be sniped and tapered at an angle not greater than 30°.

3.3.4.2 Where primary support members are constructed of higher strength steel, particular attention is to be paid to the design of
the end bracket toes in order to minimise stress concentrations. Sniped face plates, which are welded onto the edge of primary support

member brackets, are to be carried well around the radiused bracket toe and are to incorporate a taper not greater than 1 in 3. Where
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sniped face plates are welded adjacent to the edge of primary support member brackets, adequate cross-sectional area is to be
provided through the bracket toe at the end of the snipe. In general, this area, measured perpendicular to the face plate is to be not

less than 60 percent of the full cross-sectional area of the face plate, see Fig. 4.3.3.

Fig. 433 Bracket Toe Construction

Bracket toe area

Face plate area

Note :
The details shownin this figure are only used to illustrate items described in the text and

are not intended to represent design guidance or recommendations.

34 Intersections of Continuous Local Support Members and Primary Support Members

3.4.1 General
3.4.1.1 Cut-outs for the passage of stiffeners through the web of primary support members, and the related collaring arrangements,
are to be designed to minimize stress concentrations around the perimeter of the opening and on the attached web stiffeners.
3.4.1.2 Cut-outs in way of cross-tie ends and floors under bulkhead stools or in high stress areas are to be fitted with “full” collar
plates, see Fig. 4.3.4.
3.4.1.3 Lug type collar plates are to be fitted in cut-outs where required for compliance with the requirements of 3.4.3, and in areas
of significant stress concentrations, e.g., in way of primary support member toes. See Fig. 4.3.5 for typical lug arrangements.
3.4.1.4 When, in the following locations, the calculated direct stress, ow, in the primary support member web stiffener according
to 3.4.3.5 exceeds 80% of the permissible values a soft heel is to be provided in way of the heel of primary support member web
stiffeners:
(a) connection to shell envelope longitudinals below the scantling draught, T
(b) connection to inner bottom longitudinals.
A soft heel is not required at the intersection with watertight bulkheads and primary support members, where a back bracket is fitted
or where the primary support member web is welded to the stiffener face plate. The soft heel is to have a keyhole, similar to that shown

in Fig. 4.3.6(c).
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Fig. 4.3.4 Collars for Cut-outs in Areas of High Stress

R=0.2b

(min 25mm)

3.4.2 Details of Cut-outs

3.4.2.1 In general, cut-outs are to have rounded corners and the corner radii, R, are to be as large as practicable, with a minimum
of 20 percent of the breadth, b, of the cut-out or 25mm, whichever is greater, but need not be greater than 50 mm, see Fig. 4.3.4.
Consideration will be given to other shapes on the basis of maintaining equivalent strength and minimizing stress concentration.

343 Connection between Primary Support Members and Intersecting Stiffeners (Local Support Members)

3.4.3.1 The cross-sectional areas of the connections are to be determined from the proportion of load transmitted through each
component in association with its appropriate permissible stress.

3.4.3.2 The total load, ¥, transmitted through the connection to the primary support member is given by:

S
W=P (5— —)10—3 k
s 2000 (kN)

Where:
P : design pressure for the stiffener for the design load set being considered, in kN/m>. The
design load sets, method to derive the design pressure and applicable acceptance criteria set
are to be taken in accordance with the following criteria, which define the Acceptance
Criteria Set to be used
Table 8.2.5 in the cargo tank region
Section 8/3.9.2.2 in the area forward of the forward cargo tank
Section 8/3.9.2.2 in the aft end
Section 8/4.8.1.2 in the machinery space
Section 8/6.2.4.1 if subjected to sloshing loads
Section 8/6.3.5.1 if subjected to bottom slamming loads
Section 8/6.4.5.1 if subjected to bow impact loads
S : primary support member spacing, in m, as defined in Section 4/2.2
K : stiffener spacing, in mm, as defined in Section 4/2.2
For stiffeners having different primary support member spacing, S, and/or different pressure, P, at each side of the
primary support member, the average load for the two sides is to be applied, e.g. vertical stiffeners at transverse
bulkhead.
3.4.3.3 The load, W1, transmitted through the shear connection is to be taken as follows.
If the web stiffener is connected to the intersecting stiffener:
A1-net
4fcAw-nettA1-net

If the web stiffener is not connected to the intersecting stiffener:

w/1=W(aa+ ) (kN)

w, =w
Where:
w : the total load, in kN, as defined in 3.4.3.2
A : panel aspect ratio, not to be taken greater than 0.25
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S : primary support member spacing, in m

s : stiffener spacing, in mm
Al-net . effective net shear area of the connection, to be taken as the sum of the components of the
connection
A1g-net + A1c—net (cmz)
in case of a slit type slot connections area, A1-yes, i given by:
Aiper= Zldtw—netlo_2 (sz)

in case of a typical double lug or collar plate connection area, Ai.es, isgiven by:

Ainet= 2filctcneel072 (cm?)
Ald-net : net shear connection area excluding lug or collar plate, as given by the following and Fig. 4.3.5
Ata-net = latw—ne107 (em?)
la : length of direct connection between stiffener and primary support member web, in mm
by-net : net web thickness of the primary support member, in mm
Alc-net : net shear connection area with lug or collar plate, given by the following and Fig. 4.3.5
Alcpet = fllctc—netlo_z (em?)
I : length of connection between lug or collar plate and primary support member, in mm
lo-net : net thickness of lug or collar plate, not to be taken greater than the net thickness of the adjacent

primary support member web, in mm
fi : shear stiffness coefficient
=1.0 for stiffeners of symmetrical cross section
= 140/w for stiffeners of asymmetrical cross section but is not to be taken as greater than 1.0
w : the width of the cut-out for an asymmetrical stiffener, measured from the cut-out side of the
stiffener web, in mm, as indicated in Fig. 4.3.5
Ayp-ner . effective net cross-sectional area of the primary support member web stiffener in way of the
connection including backing bracket where fitted, as shown in Fig. 4.3.6, in cm”. If the primary
support member web stiffener incorporates a soft heel ending or softheel and soft toe ending, A.-
nets 18 to be measured at the throat of the connection, as shown in Fig. 4.3.6.
fe : the collar load factor defined as follows

for intersecting stiffeners of symmetrical cross section

=1.85 for Apner < 14
=1.85—0.0441(Ayner— 14)  for 14 < Ayner < 31
=1.1-0.013(Aw-ne: — 31) for 31 <Ayner < 58
=0.75 for Ay-net > 58

for intersecting stiffeners of asymmetrical cross section

lS
=0.68+0.0172

w-net

where:

ls= [ for a single lug or collar plate connection to the primary support member

I4 for a single sided direct connection to the primary support member

mean of the connection length on both sides, i.e., in the case of a lug or collar plus a direct

connection, I = 0.5(l+la)

3.4.3.4 The load, W,, transmitted through the primary support member web stiffener is to be taken as follows.
If the web stiffener is connected to the intersecting stiffener:
) (kN)

A1—net
4fCAW—net+A1—net

W2=W(1 —a, —
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If the web stiffener is not connected to the intersecting stiffener:

W, =0
Where:
w : the total load, in kN, as defined in 3.4.3.2
Q : panel aspect ratio
s
~ 10005
S : primary support member spacing, in m
s : stiffener spacing, in mm
Al-net : effective net shear area of the connection, in cm?, as defined in 3.4.3.3
fe : collar load factor, as defined in 3.4.3.3
Ay-net : effective net cross-sectional area of the primary support member web stiffener , in

cm?, as defined in 3.4.3.3

The values of Ay-nes, Awe-ner and A1-ner are to be such that the calculated stresses satisfy the following criteria:
for the connection to the primary support member web stiffener away from the weld:
o, < Operm
for the connection to the primary support member web stiffener in way of the weld:
Oye = Operm
for the shear connection to the primary support member web:

Ty <T

perm
Where:
Oy : direct stress in the primary support member web stiffener at the minimum bracket
area away from the weld connection
10 W,
=" (Nimm?)
Aw—ne t
Owe : direct stress in the primary support member web stiffener in way of the weld
connection
10 W,
=  (Nlmm®
Awc—net
Ty : shear stress in the shear connection to the primary support member
10 Wy
= (NImm?*)
Al-_net
Aw-net - effective net cross-sectional area of the primary support member web stiffener, in cm?, as
defined in 3.4.3.3
Awe-net : effective net area of the web stiffener in way of the weld as shown in Fig. 4.3.6, in cm?
Al-net - effective net shear area of the connection, in cm?, as defined in 3.4.3.3
W : load transmitted through the shear connection, in 4V, as defined in 3.4.3.3
W, : load transmitted through the web stiffener, in £V, as defined in 3.4.3.4
Operm | : permissible direct stress given in Table 4.3.1 for the applicable acceptance criteria, see
3.4.3.2, in N/mm®
Tperm | : permissible shear stress given in Table 4.3.1 for the applicable acceptance criteria, see
3.4.3.2, in N/mm®

3.4.3.5 bis1 When total load, W, is bottom slamming or bow impact loads the following criteria apply in lieu of 3.4.3.3 to 3.4.3.5:

(A1-netTpermtAw—netOperm)
0.9W < Z - é (kN)

Aine:  : effective net shear area in cm? of the connection, as defined in 3.4.3.3.
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Awner.  effective net cross-sectional area in cm® of the primary support member web stiffener in way of the
connection including backing bracket where fitted, as defined in 3.4.3.3.
Operm: Permissible direct stress given in Table 4.3.1 for AC-3, in Nimm?

Tperm' Permissible shear stress given in Table 4.3.1 for AC-3, in Nimm?®

Table 4.3.1  Permissible Stresses for Connection between Stiffeners and Primary Support Members

Item Direct Stress, 0pepp, in Nimm? Shear Stress, Tp ey, In Nimm?
Acceptance Criteria Set Acceptance Criteria Set
See 3.4.3.2 See 3.4.3.2
ACl AC2 AC3 ACl AC2 AC3
Primary support member web stiffener 0.83Jyd(3) Oyq Oyq - - -
Primary support member web stiffener
to intersecting stiffener in way of weld
connection:
double continuous fillet 0.58 g, ¥ 0.70 g,y @ Oyq - - -
partial penetration weld 0.83 g,y V¢ oyq ¥ Oya - - -
Primary support member stiffener to
intersecting stiffener in way of lapped 0.50 gyq 0.60 gyq Oyq - - -
welding
Shear connection including lugs or
collar plates:
single sided connection - - - 0.71 7,4 | 0.85 Tyq4 Tya
double sided connection - - - 0.83 7,4 Tyq Tya

Where:
eai : 2
Tperm Dermissible shear stress, in Nimm

Operm Permissible direct stress, in Nimm?

Tyd minimum specified material yield stress, in N/mm?
o
Zyd . 2

Tya 3 in N/imm

Note

1. The stress computation on plate type members is to be performed on the basis of net thicknesses, whereas gross values
are to be used in weld strength assessments, see 3.4.3.11.

2. The root face is not to be greater than one third of the gross thickness of the primary support member stiffener.

3. Allowable stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the primary support

member web stiffener.

3.43.6 Where a backing bracket is fitted in addition to the primary support member web stiffener, it is to be arranged on the
opposite side to, and in alignment with the web stiffener. The arm length of the bracket is to be not less than the depth of the web
stiffener and its net cross-sectional area through the throat of the bracket is to be included in the calculation of Ay-ser as shown in Fig.
4.3.6.

3.43.7 Lapped connections of primary support member web stiffeners or tripping brackets to local support members are not
permitted in the cargo tank region, e.g., lapped connections between transverse and longitudinal local support members.

3.43.8 Fabricated stiffeners having their face plate welded to the side of the web, leaving the edge of the web exposed, are not
recommended for side shell and longitudinal bulkhead longitudinals. Where such sections are connected to the primary support member
web stiffener, a symmetrical arrangement of connection to the transverse members is to be incorporated. This may be implemented by

fitting backing brackets on the opposite side of the transverse web or bulkhead. In way of the cargo tank region, the primary support
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member web stiffener and backing brackets are to be butt welded to the intersecting stiffener web.

3.43.9 Where the web stiffener ofthe primary support member is parallel to the web of the intersecting stiffener, but not connected
to it, the offset primary support member web stiffener may be located as shown in Fig. 4.3.7. The offset primary support member web
stiffener is to be located in close proximity to the slot edge. See also Fig. 4.3.7. The ends of the offset web stiffeners are to be suitably
tapered and softened.

3.43.10 Alternative arrangements will be specially considered on the basis of their ability to transmit load with equivalent
effectiveness. Details of calculations made and/or testing procedures and results are to be submitted.

3.43.11 The size ofthe fillet welds is to be calculated according to Section 6/5 based on the weld factors given in Table 4.3.2. For
the welding in way of the shear connection the size is not to be less than that required for the primary support member web plate for

the location under consideration.

Table 4.3.2  Weld Factors for Connection between Stiffeners and Primary Support Members

Item Weld factor

. . . . . 0.6 Gwe /Operm
Primary support member stiffener to intersecting stiffener
not to be less than 0.38

Shear connection inclusive lug or collar plate 0.38

Shear connection inclusive lug or collar plate, where the web stiffener of the | 0.6 7, /zperm

primary support member is not connected to the intersection stiffener not to be less than 0.44
Where:
Ty shear stress, as defined in 3.4.3.5
Ow as defined in 3.4.3.5
Tperm permissible shear stress, in N/mm?, see Table 4.3.1
Operm permissible direct stress, in N/mm> see Table 4.3.1
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Fig. 43.5 Symmetric and Asymmetric Cut outs
Primary support member

Primary support member
web stiffener

web stiffener

AN

(b) slit type slot connection

(a) double lug or collar plates

Primary support member
web stiffener

Primary support member
web stiffener

(d) lug or collar plate and

(c) direct connection without
direct connection

lug or collar plate

Primary support member
web stiffener

cnet

N

I -

(e) lug or collar plate anc
direct connection

Note
The details shown in this figure are only used to illustrate symbols and definitions and are not intended to represent

design guidance or recommendations.
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Fig. 4.3.6 Primary Support Member Web Stiffener Details
A

w-net tws—ne[ du'

Awmwt = twsmet dwc
“\-————\\ Aw-nct = tws—rwt dw
we-net = tws-m'r dwc
dw
tws-m’t
tws-m’f
(a) straight heel no bracket (b) soft toe and soft heel

=t

w-net

d

wsl—nerdwl + twsz—nel w2

ch—nei = twsl—netdwc1+twstnetdwcz
twsZ-rwr
de
max. 15mm
_}| Jmax. lomm
dwl
dw Rmin =25mm \ T [TTTS T
twsl—net
(c) keyhole in way of soft heel (d) symmetrical soft toe brackets
Where:
tus-nets bws1-ner ANA tusd-ner : net thickness of the primary support member web stiffener/backing bracket, in mm
dw, dw1 and dy2 : minimum depth of the primary support member web stiffener/backing bracket, in mm
e, dwer and dye2 : length of connection between the primary support member web stiffener/backing
bracket and the local support stiffener, in mm
Note :

Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, see 3.4.1.4, the details
shown in this figure are only used to illustrate symbols and definitions and are not intended to represent design guidance

or recommendations.
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Fig. 4.3.7 Offset Primary Support Member Web Stiffeners
Primary Supporting Member

‘Al Web Stiffener Offset

r» From Intersecting Stiffener

L Stiffener view 'A'-'A!
IAV

3.5 Openings

3.5.1 General

3.5.1.1 Openings are to have well rounded corners.

3.5.1.2 Manholes, lightening holes and other similar openings are to be avoided in way of concentrated loads and areas of high
shear. In particular, manholes and similar openings are to be avoided in high stress areas unless the stresses in the plating and the panel
buckling characteristics have been calculated and found satisfactory. Examples of high stress areas include:

(a) in vertical or horizontal diaphragm plates in narrow cofferdams/double plate bulkheads within one-sixth of their length
from either end

(b) in floors or double bottom girders close to their span ends

(c) above the heads and below the heels of pillars.

Where larger openings than given by 3.5.2 or 3.5.3 are proposed, the arrangements and compensation required will be specially
considered.

3.5.2 Manholes and lightening Holes in Single Skin Sections Not Requiring Reinforcement

3.5.2.1 Openings cut in the web with depth of opening not exceeding 25 percent of the web depth and located so that the edges are
not less than 40 percent of the web depth from the faceplate do not generally require reinforcement. The length of opening is not to be
greater than the web depth or 60 percent of the local support member spacing, whichever is greater. The ends of the openings are to be
equidistant from the corners of cut outs for local support members.

353 Manholes and Lightening Holes in Double Skin Sections Not Requiring Reinforcement

3.53.1 Where openings are cut in the web and are clear of high stress areas, reinforcement of these openings is not required
provided that the depth of the opening does not exceed 50 percent of the web depth and is located so that the edges are well clear of
cut outs for the passage of local support members.

3.5.4 Manholes and Lightening Holes Requiring Reinforcement

3.5.4.1 Manholes and lightening holes are to be stiffened as required by 3.5.4.2 and 3.5.4.3. The stiffening requirements of 3.5.4.2
and 3.5.4.3 may be modified where alternative arrangements are demonstrated as satisfactory with regards to stress and stability, in
accordance with analysis methods described in Section 9/2.

3.5.4.2 The web plate is to be stiffened at openings when the mean shear stress, as determined by application of the requirements
of Section 8 or Section 9/2, is greater than 5ON/mm?” for acceptance criteria set AC1 or greater than 60N/mm? for acceptance criteria
set AC2. The stiffening arrangement is to ensure buckling strength as required by Section 10 under application of the loading as
required in Section 8 or Section 9/2.

3.5.43 On members contributing to longitudinal strength, stiffeners are to be fitted along the free edges of the openings parallel to
the vertical and horizontal axis of the opening. Stiffeners may be omitted in one direction if the shortest axis is less than 400mm, and
in both directions if length of both axes is less than 300mm. Edge reinforcement may be used as an alternative to stiffeners. See Fig.
4.3.8.
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Fig. 4.3.8 Web Plate with Large Openings
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3.6 Local Reinforcement

3.6.1 Reinforcement at Knuckles

3.6.1.1 Whenever a knuckle in a main member (shell, longitudinal bulkhead etc.) is arranged, adequate stiffening is to be fitted at
the knuckle to transmit the transverse load. This stiffening, in the form of webs, brackets or profiles, is to be connected to the transverse
members to which they are to transfer the load (in shear). See Fig. 4.3.9.

3.6.1.2 In general, for longitudinal shallow knuckles, closely spaced carlings are to be fitted across the knuckle, between
longitudinal members above and below the knuckle. Carlings or other types of reinforcement need not be fitted in way of shallow
knuckles that are not subject to high lateral loads and/or high in-plane loads across the knuckle, such as deck camber knuckles.

3.6.1.3 Generally, the distance between the knuckle and the support stiffening described in 3.6.1.1 is not to be greater than 50mm.

Fig. 4.3.9 Example of Reinforcement at Knuckles

Section, in way of Horizontal girder at
typical hopper upper hopper knuckle
View A - A
B T
Vertical [
— Web *I *I
[V}
18}
A A P
1 1
— Vertical i i
Web \ A /
! 1
- L~ A~
— ﬂ
\ K
.
[TTTTTITT
3.6.2 Reinforcement for Openings and Attachments Associated with means of Access for Inspection Purposes

3.6.2.1 Local reinforcement is to be provided taking into account proper location and strength of all attachments to the hull structure

for access for inspection purposes.
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3.7 Fatigue Strength

3.7.1 General
3.7.1.1 Structural details are to be designed for compliance with the requirements of fatigue strength as specified in Section 9/3.
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Section S STRUCTURAL ARRANGEMENT

1. General

1.1 Introduction
1.1.1 Scope

1.1.1.1 This section covers the general structural arrangement requirements for the ship, which are based on or derived from

National and International regulations, see Section 2/2.1.1.
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2. Watertight Subdivision

2.1 Watertight Bulkhead Arrangement

2.1.1 General
2.1.1.1 All ships are to be provided with watertight bulkheads arranged to subdivide the hull into watertight compartments in
accordance with the following requirements.
2.1.2 Minimum Number and Disposition of Watertight Bulkheads
2.1.2.1 The following watertight bulkheads are to be fitted on all ships:
(a) acollision bulkhead, see 2.2.1.1
(b) an aft peak bulkhead
(c) abulkhead at each end of the machinery space.
2.1.2.2 The bulkheads in the cargo tank region are to be spaced at uniform intervals so far as practicable.
2.1.2.3 The applicable number and disposition of bulkheads are to be arranged to suit the requirements for subdivision, floodability
and damage stability, and are to be in accordance with the requirements of National regulations.
2.1.2.4 The number of openings in watertight bulkheads is to be kept to a minimum. Where penetrations of watertight bulkheads
and internal decks are necessary for access, piping, ventilation, electrical cables, etc., arrangements are to be made to maintain the

watertight integrity. Additional requirements apply to collision bulkheads in Section 8/3.6.2.
2.2 Position of Collision Bulkhead

2.2.1 General
2.2.1.1 A collision bulkhead is to be fitted on all ships and is to extend to the freeboard deck. It is to be located between 0.05L; or
10m, whichever is less, and 0.08 L aft of the reference point, where the load line length, L, , is as defined in Section 4/1.1.2.1 and the
reference point is as defined in 2.2.1.2. Proposals for location of the collision bulkhead aft of 0.08 L; will be specially considered.
2.2.1.2  For ships without bulbous bows the reference point is to be taken where the forward end of L; coincides with the forward
side of the stem, on the waterline which L; is measured. For ships with bulbous bows, it is to be measured from the forward end of L,
a distance x forward; where x is to be taken as the lesser of the following:
(a) half the distance, from the forward end of L; and the extreme forward end of the bulb extension
(b) 0.015L,
(¢) 3.0m.
2.2.1.3 In general, the collision bulkhead is to be in one plane, however, the bulkhead may have steps or recesses provided they

are in compliance with the limits prescribed in 2.2.1.1 and 2.2.1.2.
2.3 Position of Aft Peak Bulkhead

2.3.1 General

2.3.1.1 An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight compartment, is to be provided. Where the
shafting arrangements make enclosure of the stern tube in a watertight compartment impractical, alternative arrangements will be
specially considered. The aft peak bulkhead location on ships powered and/or controlled by equipment that do not require the fitting
of a stern tube and/or rudder trunk will also be subject to special consideration.

2.3.1.2 The aft peak bulkhead may terminate at the first deck above the summer load waterline, provided that this deck is made

watertight to the stern or to a watertight transom floor.
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3. Double Hull Arrangement

3.1 General

3.1.1 Protection of Cargo Tanks

3.1.1.1 Every tanker is to be provided with double bottom tanks and spaces, and double side tanks and spaces, in accordance with
3.2 and 3.3. The double bottom and double side tanks and spaces, protect the cargo tanks or spaces, and are not to be used for the
carriage of oil cargoes.

3.1.2 Capacity of Ballast Tanks

3.1.2.1 The capacity of the segregated ballast tanks shall be so determined that the ship may operate safely on ballast voyages
without recourses to the use of cargo tanks for water ballast. The capacity of ballast shall be at least such that, in any ballast condition
at any part of the voyage, including the conditions consisting of lightweight plus segregated ballast only, the ships draught and trim
can meet the requirements in 3.1.2.2 to 3.1.2.4.

3.1.2.2 The moulded draught amidships, Tmis, excluding any hogging or sagging correction, is not to be less than:

Tmia =2.0+0.02Lsp_1 (m)
Where:
Lcser : rule length, as defined in Section 4/1.1.1.1, in m

3.1.2.3 The draughts at the F.P. and A.P. are to correspond to those determined by the draught amidships, as given in 3.1.2.2, and
in association with a trim by the stern not greater than 0.015Lcsg-7 (m).

3.1.2.4 The draught at the A.P. is not to be less than that required to obtain full immersion of the propeller(s).

3.1.3 Limitation of Size and Arrangement of Cargo Tanks

3.1.3.1 Cargo tanks are to be of a size and arrangement that hypothetical oil outflow from side and bottom damage, anywhere in

the length of the ship, is limited.

3.2 Double Bottom

3.2.1 Double Bottom Depth
3.2.1.1 The minimum double bottom depth, das, is to be taken as the lesser of:
B
dgp = E (m), but not less than 1.0m
dgp = 2.0 (m)
Where:

B : moulded breadth, in m, as defined in Section 4/1.1.3.1

33 Double Side

3.3.1 Double Side Width
3.3.1.1 The minimum double side width, wys, is to be taken as the lesser of:
DWT
wgs= 0.5+ (m), but not less than 1.0m
20000
Wgs= 2.0 (m)

Where:
DWT :deadweight of the ship, in fonnes, as defined in Section 4/1.1.14.1

104



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 5 (February 2015) CIaSSNI(

4. Separation of Spaces

4.1 Separation of Cargo Tanks

4.1.1 General
4.1.1.1 The cargo pump room, cargo tanks, slop tanks and cofferdams are to be positioned forward of machinery spaces. Main
cargo control stations, control stations, accommodation and service spaces are to be positioned aft of cargo tanks, slop tanks, and spaces

which isolate cargo or slop tanks from machinery spaces, but not necessarily aft of the oil fuel bunker tanks and ballast tanks.
4.2 Cofferdam Spaces
4.2.1 General

4.2.1.1 Cofferdam spaces are to be kept gas-tight. Where applicable, access requirements to permit internal inspections, are to be

in accordance with 5.1.
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S. Access Arrangements

5.1 Access into and within Spaces in, and Forward of, the Cargo Tank Region

5.1.1 General

5.1.1.1  Access into and within spaces in, and forward of, the cargo tank region is to satisfy the requirement of Chapter 35, Part
C of the Rules, for details and arrangements of openings and attachments to the hull structure. This will be reviewed in conjunction
with the structural requirements. In addition, the requirements of 5.1.1.2 to 5.1.1.5 are to be complied with.

5.1.1.2  Where a duct keel or pipe tunnel is fitted provision is to be made for at least two exits to the open deck arranged at a
maximum distance from each other. The duct keel or pipe tunnel is not to pass into machinery spaces. The aft access may lead from
the pump room to the duct keel. Where an aft access is provided from the pump room to the duct keel, the access opening from the
pump room to the duct keel is to be provided with an oil-tight cover plate or a watertight door. Mechanical ventilation is to be provided
and such spaces are to be sufficiently ventilated prior to entry. A notice board is to be fitted at each entrance to the pipe tunnel stating
that before any attempt is made to enter, the ventilating fan must have been in operation for a sufficient period. In addition, the
atmosphere in the tunnel is to be sampled by a gas monitor, and where an inert gas system is fitted in cargo tanks, an oxygen monitor
is to be provided.

5.1.1.3  Where a watertight door is fitted in the pump room for access to the duct keel, the scantlings of the watertight door are to
comply with the requirements of the Society and the following additional requirements:

(a) the watertight door is to be capable of being manually closed from outside the main pump room entrance, in addition to
bridge operation. A means of indicating whether the door is open or closed is to be provided locally and on the bridge.
(b) anotice is to be affixed at each operating position to the effect that the watertight door is to be kept closed during normal
operations of the ship, except when access to the pipe tunnel is required.

5.1.1.4 At least one horizontal access opening of 600mm by 800mm clear opening is to be fitted in each horizontal girder in the
vertical wing ballast space and weather deck to assist in rescue operations. Where an opening of 600mm by 800mm is not permitted
due to structural arrangements, a 600mm by 600mm clear opening will be accepted.

5.1.1.5 Special consideration will be given to any proposals to fit permanent repair/maintenance access openings with oil-tight
covers in cargo tank bulkheads. Attention is drawn to the relevant National regulations concerning load line and oil outflow aspects of

such arrangements.
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Section 6 MATERIALS AND WELDING

1. Steel Grades

1.1 Hull Structural Steel

1.1.1 Scope
1.1.1.1 Materials used during construction are to comply with Part C and Part K of the Rules. Use of other materials and the
corresponding scantlings will be specially considered.
1.1.2 Strength
1.1.2.1 Steel having aspecified minimum yield stress of 235N/mm? is regarded as normal strength hull structural steel. Steel having
a higher specified minimum yield stress is regarded as higher strength hull structural steel.
1.1.3 Material Grades
1.1.3.1 Material grades of hull structural steels are referred to as follows:
(a) 4, B, D and E denote normal strength steel grades
(b) AH, DH and EH denote higher strength steel grades.
1.14 Higher Strength Steel Factor
1.1.4.1 For the determination of hull girder section modulus, where higher strength hull structural steel is used, a higher strength

steel factor, & is given in Table 6.1.1.

Table 6.1.1  Values of k

Specified minimum yield stress, N/mm> k
235 1.00
265 0.93
315 0.78
340 0.74
355 0.72
390 0.68
Note

1. Intermediate values are to be calculated by linear interpolation.

1.1.5 Through Thickness Property

1.1.5.1 Where tee or cruciform connections employ partial or full penetration welds, and the plate material is subject to significant
tensile strain in a direction perpendicular to the rolled surfaces, consideration is to be given to the use of special material with specified
through thickness properties, in accordance with 3.11 Part K of the Rules. These steels are to be designated on the approved plan by
the required steel strength grade followed by the letter Z (e.g. EH36 Z).

1.1.6 Steel Castings and Forgings

1.1.6.1 Steel castings or forgings that are used for stern frames, rudder frames, rudder stocks, propeller shaft brackets and other

major structural items are to be in accordance with Chapter 5 and Chapter 6, Part K of the Rules.

1.2 Application of Steel Materials

1.2.1 Selection of Material Grades

1.2.1.1 Steel materials for particular locations are not to be of lower grades than those given in Table 6.1.2 for the material class
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given in Table 6.1.3.
1.2.2 Applicable Thickness
1.2.2.1 For application of Table 6.1.2 and Table 6.1.3, the steel grade is to correspond to the as-built thickness.
1.2.3 Operation in Areas with Low Air Temperature
1.2.3.1 For ships intended to operate for long periods in areas with a lowest mean daily average temperature below —10 °C (i.e.

regular service during winter to Arctic or Antarctic waters) the materials in exposed structures will be specially considered.

Table 6.1.2  Material Grades

Thickness, ¢ Material Class

in mm 1 11 111

t<15 A, AH A A4AH A A4AH
15<¢<20 A, AH A, AH B AH
20<¢ <25 A, AH B, AH D, DH
25<t <30 A, AH D, DH D, DH
30<¢<35 B AH D, DH E, EH
35<1<40 B, AH D, DH E, EH
40 <t <51 D, DH E, EH E, EH
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Table 6.1.3  Material Class or Grade of Structural Members

Structural member category Material Class or Grade
Within 0.4Lcsg-r Outside 0.4Lcsgr-r
Amidships
Secondary
Longitudinal bulkhead strakes, other than those belonging to primary
caregory Class Grade A®/4AH
Deck plating exposed to weather other than that belonging to primary
or special category
Side plating
Primary
Bottom plating including keel plate
Strength deck plating, excluding that belonging to the special category
(10)(11)
Continuous longitudinal members above strength deck, excluding Class 11 Grade A® /J4AH
longitudinal hatch coamings
Uppermost strake in longitudinal bulkheads (!9
Vertical strake (hatch side girder) and upper sloped strake in top wing
tank
Special
Sheer strake at strength deck (V@101
Stringer plate in strength deck (V@®10AD
Class II
Deck strake at longitudinal bulkhead, excluding deck plating in way of )
inner hull longitudinal bulkhead @190 Class Il (Class T outside
0.6L csp-r amidships)
Strength deck plating at outboard corners of cargo hatch openings‘'”
Bilge strake P©
Continuous longitudinal hatch coamings‘'"
Other Categories
Plating for stern frames, rudder horns and shaft brackets - Class 11
Longitudinal strength members of strength deck plating for ships with Grade B /AH -
single strength deck 'V
Strength members not referred to in above categories © Grade 4® /AH Grade A® JAH
Notes

1.
2.

0 9 S W

Not to be less than E/EH within 0.4Lcsg-r amidships in vessels with length, Lcsg-7, exceeding 250m.

Single strakes required to be of material class Il or E/EH are, within 0.4Lcsg-r amidships, to have breadths not less than
800 + 5Lcsr-rmm, but need not be greater than 1800mm.

A radius gunwale plate may be considered to meet the requirements for both the stringer plate and the sheer strake, provided
it extends generally 600mm inboard and vertically.

For tankers having a breadth, B, exceeding 70m, the centreline strake and the strakes in way of the longitudinal bulkheads
port and starboard, are to be class III.

(Void)

To be not lower than D/DH within 0.6Lcsz-r amidships of vessels with length, Lcsr-7, exceeding 250m.

(Void)

Grade B/AH to be used for plate thickness more than 40mm. For engine foundation heavy plates, Grade B/4H to be used for
plate thickness more than 30mm. However, engine foundation heavy plates outside 0.6Lcsz-7 amidships may be of Grade
A/AH.

The material class used for reinforcement and the quality of material (i.e. whether normal or higher strength steel) used for

welded attachments, such as spill protection bars and bilge keel, is to be similar to that of the hull envelope plating in way.
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Where attachments are made to round gunwale plates, special consideration will be given to the required grade of steel,
taking account of the intended structural arrangements and attachment details.

10. The material class for deck plating, sheer strake and upper strake of longitudinal bulkhead within 0.4Lcsz-r amidships is
also to be applied at structural breaks of the superstructure, irrespective of position.

11.To be not lower than B/AH within 0.4Lcsg-r amidships for ships with single strength deck.

1.24 Guidance for Repairs
1.2.4.1 Where materials are used in the construction, which are not in accordance with Part K of the Rules, a set of plans showing
the following information, for each material, is to be placed aboard the vessel in addition to those normally retained on the vessel:
(a) material specification and applicable thickness
(b) welding procedure

(c) location and extent of application.
1.3 Aluminium Alloys

1.3.1 General
1.3.1.1 The use ofaluminium alloys in superstructures, deckhouses, hatch covers, helicopter platforms, or other local components
will be specially considered. A specification of the proposed alloys and their proposed method of fabrication is to be submitted for
approval.
1.3.1.2 Details of the proposed method of joining any aluminium and steel structures are to be submitted for approval.
1.3.1.3 Material requirements and scantlings are to comply with Part C and Part K of the Rules.
1.3.2 Incendiary Sparking on Impact with Steel
1.3.2.1 Aluminium may, under certain circumstances give rise to incendiary sparking on impact with oxidized steel. A particular
risk is where an aluminium component is dragged or rubbed against the uncoated steel structure creating a thin smear of aluminium on
the surface. Subsequent high energy impact by a rusted component on that smear could generate an incendiary spark capable ofigniting
any surrounding inflammable gas. The following requirements are therefore to be complied with:
(a) aluminium fittings in tanks used for the carriage of oil, and in cofferdams and pump rooms are to be avoided
(b) where fitted, aluminium fittings, units and supports, in tanks used for the carriage of oil, cofferdams and
pump rooms are to satisfy the requirements of 2.1.2 for aluminium anodes
(c) the underside of heavy portable aluminium structures such as gangways, etc., is to be protected by means of a
hard plastic or wood cover, or other approved means, in order to avoid the creation of smears. Such

protection is to be permanently and securely attached to the structures.
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2. Corrosion Protection Including Coatings

2.1 Hull Protection

2.1.1 General

2.1.1.1 All dedicated seawater ballast tanks are to have an efficient corrosion prevention system, as required by Chapter 25, Part
C of the Rules, see Section 2/2.1.1.

2.1.1.2  For ships contracted for construction on or after 8 December 2006, the date of IMO adoption of the amended SOLAS
Regulation 1I-1/3-2, by which an IMO “Performance standard for protective coatings for ballast tanks and void spaces” will be made
mandatory, the coatings of internal spaces subject to the amended SOLAS Regulation are to satisfy the requirements of the IMO
performance standard. For ships contracted for construction on or after 1 July 2012, the IMO performance standard is to be applied as
interpreted by IACS Ul SC 223 and IACS UI SC 227. In applying IACS UI SC 223, “Administration” is to be read to be the
“Classification Society”.

2.1.1.3 Consistent with /MO Resolution A.798(19) and IACS UI SC 122, the selection of the coating system, including coating
selection, specification, and inspection plan, are to be agreed between the shipbuilder, coating system supplier and the owner, in
consultation with the Society, prior to commencement of construction . The specification for the coating system for these spaces is to
be documented and this documentation is to be verified by the Society and is to be in full compliance with the coating performance
standard.

2.1.1.4 The shipbuilder is to demonstrate that the selected coating system with associated surface preparation and application
methods is compatible with the manufacturing processes and methods.

2.1.1.5 The shipbuilder is to demonstrate that the coating inspectors have proper qualification as required by the IMO standard.

2.1.1.6  The attending surveyor of the Society will not verify the application ofthe coatings but will review the reports of the coating
inspectors to verify that the specified shipyard coating procedures have been followed.

2.1.1.7 Where anodes are fitted in ballast tanks, ballast tank anode distribution drawings are to be submitted for approval. Such
drawings are to include details of the connections to the hull, e.g. welding details.

2.1.1.8 The corrosion protection for all cargo oil tanks is to be in accordance with Chapter 25, Part C.

2.1.2 Internal Cathodic Protection Systems

2.1.2.1 When a cathodic protection system is to be fitted to steel structures in tanks used for liquid cargo with flash point below
60°C, a plan ofthe fitting arrangement is to be submitted for approval. The arrangements will be considered for safety against fire and
explosion. This approval also applies to adjacent tanks.

2.1.2.2 Permanent anodes in tanks made of, or alloyed with magnesium are not acceptable, except in tanks solely intended for
water ballast that are not adjacent to cargo tanks. Impressed current systems are not to be used in cargo tanks due to the development
of chlorine and hydrogen that can result in an explosion. Aluminium anodes are accepted, however, in tanks with liquid cargo with
flash point below 60°C and in adjacent ballast tanks, aluminium anodes are to be located so a kinetic energy of not more than 275/ is
developed in the event of their loosening and becoming detached.

2.1.2.3 Aluminium anodes are to be located in such a way that they are protected from falling objects. They are not to be located
under tank hatches or Butterworth openings unless protected by adjacent structure.

2.1.2.4 All anodes are to be attached to the structure in such a way that they will remain securely fastened both initially and during
service. The following methods are acceptable:

(a) steel core connected to the structure by continuous fillet welds of sufficient cross section
(b) attachment by properly secured through-bolts or other positive locking devices. Attachment by clamps fixed
with setscrews is to be by approved means.

2.1.2.5 Anode steel cores bent and directly welded to the steel structure are to be of a material complying with the requirements
for grade A of Part K of the Rules.

2.1.2.6  Anodes are to be attached to stiffeners or aligned in way of stiffeners on plane bulkhead plating, but they are not to be

attached to the shell. The two ends are not to be attached to separate members which are capable of relative movement.
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2.1.2.7 Where cores or supports are welded to local support members or primary support members, they are to be kept clear of end
supports, toes of brackets and similar stress raisers. Where they are welded to asymmetrical members, the welding is to be at least
25mm away from the edge of the web. In the case of stiffeners or girders with symmetrical face plates, the connection may be made to
the web or to the centreline of the face plate, but well clear of the free edges. Generally, anodes are not to be fitted to a face plate of
higher strength steel.

2.1.2.8 Tanks in which anodes are installed, are to have sufficient holes for the circulation of air to prevent gas from collecting in
pockets.

2.1.3 Paint Containing Aluminium

2.1.3.1 Paint containing aluminium is not to be used in positions where cargo vapours may accumulate unless it has been shown

by appropriate tests that the paint to be used does not increase the incendiary sparking hazard. Tests need not be performed for coatings

with less than 10 percent aluminium by weight.
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3. Corrosion Additions

3.1 General

3.1.1 Introduction

3.1.1.1 The required net thickness of steel structures is to be increased by the corrosion addition as specified in this Sub-Section.

3.1.1.2 The corrosion additions given in this Sub-Section are applicable to carbon-manganese steels, see 1.1. Application of
corrosion additions for other materials, such as stainless steel, is to be in accordance with the requirements of the Society.

3.1.1.3 The application of the corrosion additions in rule calculations is given in 3.3.

3.2 Local Corrosion Additions
3.2.1 General
3.2.1.1 The local corrosion additions, .., for structural members are to be taken as:
teorr = twas T 0.5 (mm)
Where:

twas  : total wastage allowance of the considered structural member, in mm,

as given in Section 12/1.4.2.2

3.2.1.2 The local corrosion additions, .-, for typical structural elements in the cargo tank region are given in Table 6.3.1 and Fig.
6.3.1.
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Table 6.3.1  Corrosion Addition, #., for Typical Structural Elements within the Cargo Tank Region

Corrosion
Category of contents Addition Zcorr, in
mm
Internal members and plate boundary between spaces with the same category of contents
Within 3m below top of tank 4.5
Face plate of PSM
Elsewhere 3.5
In and between ballast water Within 3m below top of tank (") 4.0
Other members
tanks Elsewhere 3.0
Stiffeners on boundaries | Within 3m below top of tank ‘" 4.5
to heated cargo tanks Elsewhere 3.5
Within 3m below top of tank ) 4.0
Face plate of PSM
In and between cargo oil Elsewhere 3.5
tanks Within 3m below top of tank (V 4.0
Other members
Elsewhere 2.5
Exposed to atmosphere on
Support members on deck 2.5

both sides

) Spaces not normally accessed, e.g. access only via bolted manhole
In and between void spaces ) ) 2.0
openings, pipe tunnels, etc.

Internals of deckhouses, machinery spaces, pump room, store rooms,
In and between dry spaces ) 1.5
steering gear space, etc.

Plate boundary between spaces having a different category

Within 3m below top of tank ¥ 4.0
Unheated cargo tank Inner bottom plating 4.0
Boundary between ballast Elsewhere 3.0
tank and cargo oil tank Within 3m below top of tank V) 4.5
Heated cargo tank Inner bottom plating 4.5
Elsewhere 3.5
Weather deck plating 4.0
Boundary between ballast o
ank and atmosphere or sca Other members® Within 3m below top of tank 3.5
Elsewhere 3.0
Boundary between Dballast Within 3m below top of tank(” 3.0
tank and void or dry space Elsewhere 25
Boundary between cargo )
Weather deck plating 4.0
tank and atmosphere
Boundary between cargo Within 3m below tOp of tank M 3.0
tank and void spaces Elsewhere 25
Within 3m below top of tank (") 3.0
Boundary between cargo
tank and dry spaces Elsewhere 2.0

Notes
(1) Only applicable to cargo and ballast tanks with weather deck as the tank top
(2) 0.5mm to be added for side plating in the quay contact region defined in Section 8/Fig. 8.2.2

(3) Heated cargo oil tanks are defined as cargo tanks arranged with any form of heating capability
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33 Application of Corrosion Additions

3.31 General

3.3.1.1 The application of corrosion additions described in 3.3.2 to 3.3.7 is to be applied unless otherwise specified in the specific
rule requirements.

3.3.1.2 Compliance with this part may be performed either by:

(a) comparison of the proposed gross scantling with the gross required, in which case the applicable corrosion addition is
added to the net requirement of this part.
(b) comparison of'the proposed net scantling with the net required, in which case the applicable corrosion addition is deducted
from the gross proposed.

Methods (a) and (b) are suitable for assessment of thickness. Method (b) is the most suitable for assessment of section properties,
e.g. section modulus, area and moment of inertia.

3.3.1.3 The gross scantlings specified in 3.3.2 to 3.3.7 used to derive the net scantlings are to exclude any owner’s extra thicknesses,
see also Section 2/4.3.4.3.

3.3.2 Application for Hull Girder Longitudinal Strength Calculations

3.3.2.1 The calculation of hull girder stresses for the assessment of longitudinal strength as given in Section 8/1 is to be based on
the net hull girder sectional properties calculated by deducting half the corrosion addition, i.e. -0.5¢.-, from the gross thickness of all
structural elements comprising the hull girder cross-section.

3.3.2.2 The local buckling capacity of plates and stiffeners subject to hull girder stresses are to be calculated based on the net
scantlings, as given in Section 8/1.4.2. The net scantling is calculated by deducting the full corrosion addition, i.e. -1.0zor, from the
gross thickness.

3.33 Application for Scantling Strength Assessment of Plates and Local Support Members

3.3.3.1 The required gross thickness for plates and local support members are calculated by adding the full corrosion addition, i.e.
+1.0%orr, to the net thickness required in accordance with the scantling requirements in Sections 4/3.4 and 8/2 to 8/7.

3.3.3.2 The net sectional properties of local support members are calculated by deducting the full corrosion addition, i.e. -1.0forr,
from the web, flange and attached plate gross thicknesses as described in Section 4/2.4.1 and are to comply with required section
modulus, moment of inertia and shear area as given in Sections 4/3.4 and 8/2 to 8/7.

3.3.3.3 The calculation of hull girder stresses for the strength assessment of members under combined local and global loading is
to be based on the net hull girder sectional properties calculated by deducting half the corrosion addition, i.e. -0.5 .o, from the gross
thickness of all structural elements comprising the hull girder cross-section.

3.3.3.4 The required minimum gross thickness of plates and local support members is calculated by adding the full corrosion
addition, i.e. +1.0 .0, to the minimum net thickness requirements given in Section 8/2.1.5.

3.34 Application of Corrosion Additions for Scantling Strength Assessment of Primary Support members

3.3.4.1 The required gross thickness of primary support members is calculated by adding half the corrosion addition, i.e. +0.5¢0,
to the net thickness required in accordance with the strength requirements in Section 8/2.6 and 8/3 to 8/7.

3.3.4.2 The net sectional properties of primary support members are to be calculated by deducting half the corrosion addition, i.e.
-0.5¢c0rr, from the web and flange gross thicknesses, and are to comply with the required section modulus, moment of inertia and area
as given in Section 8/2.6 and 8/3 to 8/7.

3.3.4.3 The required minimum gross thickness of primary support members is calculated by adding the full corrosion addition, i.e.
+1.0¢corr, to the minimum net thickness requirement given in Section 8/2.1.6.1, 8/3.1.4.1, 8/4.1.5.1, 8/5.1.4.1, 8/6.3.7.5, 8/6.4.5.4 and
10/2.3.

3.35 Application of Corrosion Additions for Hull Girder Ultimate Strength Analysis

3.3.5.1 The calculation of the hull girder ultimate capacity, M,, as given in Section 9/1, is to be based on the net hull girder sectional
properties calculated by deducting half the corrosion addition, i.e. -0.5%.r, from the gross thickness of all structural elements
comprising the hull girder cross-section.

3.3.5.2 The buckling capacity of the structural elements used to derive the hull girder ultimate capacity is to be calculated by

deducting half the corrosion addition, i.e. 0.5, from the gross thicknesses of the plates and stiffener webs and flanges.
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3.3.6 Application of Corrosion Additions for Strength Assessment by Finite Element Analysis

3.3.6.1 For the cargo tank structural strength analysis, as given in Section 9/2.2 and Appendix B/2, the finite element model is to
be modelled with thicknesses calculated by deducting half the corrosion addition, i.e. -0.5¢,, from the gross thickness of all structural
elements.

3.3.6.2 The local buckling capacity of plates and stiffeners are to be calculated by deducting the full corrosion addition, i.e. -1.0tcor,
from the gross thickness.

3.3.6.3 The local fine mesh structural strength analysis models, as given in Section 9/2.3 and Appendix B/3, are to be modelled
with thicknesses calculated by deducting half the corrosion addition, i.e. -0.5¢.., from the gross thickness. The specified fine mesh
areas are to be modelled by deduction of the full corrosion addition, i.e. -1.0%.-, from the gross thickness.

3.3.7 Application of Corrosion Additions for Fatigue Strength Assessment

3.3.7.1 The calculation of hull girder stresses for the fatigue strength assessment, as given in Section 9/3 and Appendix C/1, is to
based on the net fatigue hull girder sectional properties, calculated by deducting a quarter of the corrosion addition, i.e. -0.25¢, from
the gross thickness of all structural elements comprising the hull girder cross section.

3.3.7.2 The calculation of stresses in local support members from lateral load for the fatigue strength assessment, as given in
Section 9/3 and Appendix C/1, are to be based on deducting half the corrosion addition, i.e. -0.5%., from the stiffener web, flange
and attached plate.

3.3.7.3 For hot spot stress (FE based) approach, as given in Section 9/3 and Appendix C/2, the FE model of the hopper knuckle
is to be modelled with thickness calculated by deducting a quarter of the corrosion addition, i.e.

-0.25%cor, from the gross thicknesses. The very fine mesh areas are to be modelled by deduction of half the corrosion addition, i.e. -
0.5tc0rr, from the gross thickness.

3.3.7.4 As an alternative to 3.3.7.3, the hopper fatigue FE model may be made in accordance with requirements for FE strength
model, i.e. all areas at -0.5¢.0, as described in 3.3.6.1. However the calculated stress range is then to be corrected by the factor fuodes

as described in Appendix C/2.4.2.7.
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4. Fabrication

4.1 General

4.1.1 Workmanship
4.1.1.1 All workmanship is to be of commercial marine quality and acceptable to the Surveyor. Welding is to be in accordance
with the requirements of Sub-Section 5. Any defect is to be rectified to the satisfaction of the Surveyor before the material is covered
with paint, cement or any other composition.
4.1.2 Fabrication Standard
4.1.2.1 Structural fabrication is to be carried out, in accordance with ‘ZACS Recommendation 47, Shipbuilding and Repair Quality
Standard for New Construction’ or a recognised fabrication standard which has been accepted by the Society prior to the
commencement of fabrication/construction.
4.1.2.2 The fabrication standard to be used during fabrication/construction is to be made available to the attending representative
of the Society, prior to the commencement of the fabrication/construction.
4.1.2.3 The fabrication standard is to include information, to establish the range and the tolerance limits, for the items specified as
follows:
(a) Cutting edge
+ the slope of the cut edge and the roughness of the cut edges
(b) Flanged longitudinals and brackets and built-up sections
+ the breadth of flange and depth of web, angle between flange and web, and straightness in plane of flange
or at the top of face plate
(c) Pillars
+ the straightness between decks, and cylindrical structure diameter
(d) Brackets and small stiffeners
« the distortion at the free edge line of tripping brackets and small stiffeners
(e) Sub-assembly stiffeners
+ details of snipe end of secondary face plates and stiffeners
(f) Plate assembly
« for flat and curved blocks the dimensions (length and breadth), distortion and squareness, and the
deviation of interior members from the plate
(g) Cubic assembly
+ in addition to the criteria for plate assembly, twisting deviation between upper and lower plates, for flat
and curved cubic blocks
(h) Special assembly
+ the distance between upper and lower gudgeons, distance between aft edge of propeller boss and aft peak bulkhead,
twist of stern frame assembly, deviation ofrudder from shaft centreline, twist of rudder plate, and flatness, breadth and
length of top plate of main engine bed. Where boring out of the propeller boss and stern frame, skeg or solepiece is
carried out at a late stage of construction, it is to be carried out after completing the major part of the welding of the aft
part of the ship. Where block boring is used, the shaft alignment is to be carried out using a method and sequence
submitted to and recognized by the Classification Society. The fit-up and alignment of the rudder, pintles and axles, are
to be carried out after completing the major part of the welding of the aft part of the ship. The contacts between the
conical surfaces of pintles, rudder stocks and rudder axles are to be checked before the final mounting.
(i) Butt joints in plating
+ alignment of butt joint in plating
(j) Cruciform joints

+ alignment measured on the median line and measured on the heel line of cruciform joints
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(k) Alignment of interior members
+ alignments of flange of T longitudinals, alignment of panel stiffeners, gaps in T joints and lap joints, and
distance between scallop and cut outs for continuous stiffeners in assembly and in erection joints
(1) Keel and bottom sighting
+ deflections for whole length of the ship, and for the distance between two adjacent bulkheads, cocking-up
of fore body and of aft body, and rise of floor amidships
(m) Dimensions
+ dimensions of length between perpendiculars, moulded breadth and depth at midship, and length between
aft edge of propeller boss and main engine
(n) Fairness of plating between frames
+ deflections between frames of shell, tank top, bulkhead, upper deck, superstructure deck, deck house deck
and wall plating
(o) Fairness of plating in way of frames
+ deflections of shell, tank top, bulkhead, strength deck plating and other structures measured in way of

frames
4.2 Cold Forming

4.2.1 Special Structural Members
4.2.1.1 For highly stressed components of the hull girder where notch toughness is of particular concern (e.g. items required to be
Class IIT in Table 6.1.3, such as radius gunwales and bilge strakes) the inside bending radius, in cold formed plating, is not to be less
than 10 fimes the gross plate thickness for carbon-manganese steels (hull structural steels, see 1.1). The allowable inside bending radius
may be reduced below 10 fimes the gross plate thickness, providing the additional requirements stated in 4.2.3 are complied with.
4.2.2 Other Members
4.2.2.1 For main structural members, e.g. corrugated bulkheads and hopper knuckles, the inside bending radius, in cold formed
plating, is not to be less than 4.5 fimes the gross plate thickness for carbon-manganese steels (hull structural steels, see 1.1). The
allowable inside bending radius may be reduced below 4.5 times the gross plate thickness, providing the additional requirements stated
in 4.2.3 are complied with.
4.2.3 Additional Requirements
4.2.3.1 When steel is formed below 650°C with a radius of less than 10 or 4.5 fimes the gross plate thickness for special and other
members, respectively, supporting data is to be provided. As a minimum, the following additional requirements are to be complied
with:
(a) the steel is to be of grade D/DH or higher
(b) the material is impact tested in the strain-aged condition and satisfies the requirements stated herein. The deformation is
to be equal to the maximum deformation to be applied during production, calculated by the formula tg,.o/(27pqq + tyrs),
where #y is the gross thickness of the plate material and 7y is the bending radius. One sample is to be plastically strained
at the calculated deformation or 5%, whichever is greater and then artificially aged at 250°C for one hour then subject to
Charpy V-notch testing. The average impact energy after strain ageing is to meet the impact requirements specified for the
grade of steel used.
(c) 100% visual inspection of the deformed area is to be carried out. In addition, random checks by magnetic particle testing
are to be carried out.

The bending radius is in no case to be less than twice the gross plate thickness.
4.3 Hot Forming
4.3.1 Temperature Requirements

4.3.1.1 Steel is not to be formed between the upper and lower critical temperatures. If the forming temperature exceeds 650°C for

as-rolled, controlled rolled, thermo-mechanical controlled rolled or normalised steels, or is not at least 28°C lower than the tempering
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temperature for quenched and tempered steels, mechanical tests are to be made to assure that these temperatures have not adversely
affected both the tensile and impact properties of the steel. Where curve forming or fairing, by line or spot heating, is carried out in
accordance with 4.3.2.1 these mechanical tests are not required.

4.3.1.2 Confirmation is required to demonstrate the mechanical properties after further heating meet the requirements specified by
a procedure test using representative material, when considering further heating other than in 4.3.1.1 of thermo-mechanically controlled
steels (TMCP plates) for forming and stress relieving.

4.3.2 Line or Spot Heating

4.3.2.1 Curve forming or fairing, by linear or spot heating, is to be carried out using approved procedures in order to ensure that
the properties of the material are not adversely affected. Heating temperature, on the surface, is to be controlled so as not to exceed the

maximum allowable limit applicable to the plate grade.
4.4 Welding

4.4.1 General

4.4.1.1 All welding is to be carried out by approved welders, in accordance with approved welding procedures, using approved
welding consumables and is to comply with the requirements of Part M of the Rules.

4.4.2 Welding Sequence

4.4.2.1 Consideration is to be given to the assembly sequence and the effect on the overall shrinkage of plate panels, assemblies,
etc., resulting from the welding processes employed. Welding is to proceed systematically, with each welded joint being completed in
the correct sequence, without undue interruption.

4.4.2.2 Where practicable, welding is to commence at the centre of a joint and proceed outwards, or at the centre of an assembly
and progress outwards towards the perimeter so that each part has freedom to move in one or more directions.

4.4.2.3 Generally, the welding of stiffener members, including transverses, frames, girders, etc., to welded plate panels by
automatic processes is to be carried out in such a way as to minimize angular distortion of the stiffener.

443 Arrangements at Junctions of Welds

4.4.3.1 Welds are to be made flush in way of the faying surface where stiffening members, attached by continuous fillet welds,
cross the completely finished butt or seam welds. Similarly, butt welds in webs of stiffening members are to be completed and made
flush with the stiffening member before the fillet weld is made. The ends of the flush portion are to run out smoothly without notches
or sudden changes of section. Where these conditions cannot be complied with, a scallop is to be arranged in the web of the stiffening
member. Scallops are to be of a size, and in a position, that a satisfactory return weld can be made.

4.4.4 Leak Stoppers

4.4.4.1 Where structural members pass through the boundary of a tank, leakage into the adjacent space could be hazardous or
undesirable, and full penetration welding is to be adopted for the members for at least 150mm on each side of the boundary. Alternatively,
a small scallop of suitable shape may be cut in the member close to the boundary outside of the compartment, and carefully welded all

around.
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5. Weld Design and Dimensions

5.1 General

5.1.1 Scope

5.1.1.1 In general, weld sizes are based on the Rule gross thickness values.

5.1.1.2  Requirements for welding sequence, qualification of welders, welding procedures and welding consumables are given in
4.4.

5.1.2 Plans and Specifications

5.1.2.1 Plans and/or specifications showing weld sizes and weld details are to be submitted for approval for each new construction
project.

5.1.2.2  Where reductions in weld sizes are proposed the requirements given in 5.9 are to be applied and the following details are
to be included in the welding specification:

(a) proposed weld gap size
(b) proposed welding consumable.

5.1.3 Tolerance Requirements

5.1.3.1 The gaps between the faying surfaces of members being joined are to be kept to a minimum or in accordance with approved
specification.

5.1.3.2 Where the gap between the members joined by fillet welds exceeds 2mm, the weld size is to be increased in accordance
with 5.7.1.6.

5.1.4 Special Precautions

5.1.4.1 Welding is to be based on approved welding procedure specifications where small fillets are used to attach heavy plates or
sections. Special precautions, such as the use of preheating, low-hydrogen electrodes or low-hydrogen welding processes, are accepted.

5.1.42 When heavy structural members are attached to relatively light plating, the weld size and sequence may require

modification.
5.2 Butt Joints

5.2.1 General

5.2.1.1 Joints in the plate components of stiffened panel structures are generally to be joined by butt welds. Typical types of butt
welds with corresponding edge preparation are shown in Fig. 6.5.1.

5.2.1.2  All types of butt joints are to be welded from both sides. Before welding is carried out on the second side, unsound weld
metal is to be removed at the root by a suitable method. Butt welding from one side will only be permitted for specific applications

with an approved welding procedure specification.
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Fig. 6.5.1 Typical Butt Welds
Single bevel butt
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Note
1. The above figures are shown for guidance only. Actual details and dimensions are to be in accordance
with a recognised fabrication standard. See 4.1.2.1
5.2.2 Thickness Difference in Butt Welds
5.2.2.1 Abrupt change of section is to be avoided where plates of different thicknesses are butt welded.
5.2.2.2  Where plates to be joined differ in thickness by more than 4mm, a suitable transition taper is to be provided. The transition
may be formed by tapering the thicker member, or by specifying a weld joint design which provides the required transition.

5.2.2.3 For the transverse butts in longitudinal strength members, the transition taper length is to be not less than three times the

offset.

5.2.2.4 Differences in thickness greater than 4mm and without transition taper may be accepted for specific applications.
53 Tee or Cross Joints

5.3.1 General

5.3.1.1 The connection of primary support members and stiffener web/end connections and joints formed by plating abutting on
another plate panel is generally to be made by fillet welds sized in accordance with 5.7 and Fig. 6.5.2. Examples of other typical tee or
cross joint weld arrangements are shown in Fig. 6.5.3.

5.3.1.2  Where the connection is highly stressed or otherwise considered critical, a partial or full penetration weld is to be achieved

by bevelling the edge of the abutting plate. See 5.3.4 and Fig. 6.5.3.
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Fig. 6.5.2 Typical Tee or Cross Joint Fillet Welds
Tee fillet
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Note
1. The above figure is shown for guidance only. Actual details and dimensions are to be in

accordance with a recognised fabrication standard. See 4.1.2.1.

Fig. 6.5.3 Other Typical Tee and Cross Joint Welds
Small angle fillet
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Double bevel tee symmetrical

Note
1. The above figures are shown for guidance only. Actual details and dimensions are to be in

accordance with a recognised fabrication standard. See 4.1.2.1.

5.3.2 Continuous Welding
5.3.2.1 Continuous welding is to be adopted in the following locations:
(a) all fillet welds where higher strength steel is used
(b) boundaries of weathertight decks and erections, including hatch coamings, companionways and other openings
(c) boundaries of tanks and watertight compartments
(d) all structures in ballast and fresh water tanks and the ballast and fresh water tank bulkhead stiffeners
(e) all structures in the aft peak and the aft peak bulkhead stiffeners
(f) all structures in the fore peak tank/void
(g) all welding inside tanks intended for crude oil, petroleum products, chemicals, edible liquids or fresh water cargoes
(h) welding in way of all end connections, including end brackets, lugs, scallops, and at the orthogonal connections with other
members
(1) all lap welds in the main hull
(j) primary support members and stiffener members to bottom shell in the 0.3 Lcsr-r forward region

(k) flat bar longitudinals to plating
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() the attachment of minor fittings to higher strength steel plating and other connections or attachments.
5.3.3 Intermittent Welding
5.3.3.1 Where continuous welding is not required, intermittent welding may be applied.
5.3.3.2 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 every intersection. In addition, the beams, stiffeners and frames are to be
efficiently attached to the girders, shelves and stringers.
534 Full or Partial Penetration Corner or Tee Joints
5.3.4.1 Where high tensile stresses act through an intermediate plate (see Fig. 6.5.4), increased fillet welds or penetration welds
are to be used as required by 5.8. Examples of such structures are:
(a) connection of hopper to inner hull
(b) longitudinal/transverse bulkhead primary support member end connections to the double bottom
(c) connection of corrugated bulkhead lower stool side plates to shelf plate and inner bottom/hopper tank
(d) connections of gusset plates to corrugated bulkheads
(e) connection of double bottom floors, lower hopper tank webs and double bottom girders below corrugated bulkhead flanges
and gusset plates for corrugated bulkheads configured without lower stools

(f) structural elements in double bottoms below bulkhead primary support members and stool plates.

Fig. 6.5.4 Abutting Plate Panel
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5.3.4.2 Full or partial penetration welds, with maximum root face, /oo = y-grs/3, Where Lo is the weld root face length and . is
the gross plate thickness, as shown in Fig. 6.5.4, are to be used in the connection of hopper sloped plating to inner bottom.
5.3.4.3 Full penetration welds are to be used in the following connections:
(a) lower end of vertical corrugated bulkhead connections
(b) lower end of gusset plates fitted to corrugated bulkheads
(c) rudder horns and shaft brackets to shell structure
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(d) rudder side plating to rudder stock connection areas
(e) edge reinforcements within 0.6Lcsg-r amidships to the strength deck, sheer strake, bottom and bilge plating, when the

transverse dimensions of the opening exceeds 300mm, see Fig. 6.5.5. Where collar plates are fitted in way of pipe
penetrations, the collar plate is to be welded by a continuous fillet weld.

(f) abutting plate panels with gross plate thickness, #-gs, as shown in Fig. 6.5.4, less than or equal to 12mm, forming outer
shell boundaries below the scantling draught, 7, including, but not limited to; sea chests, rudder trunks, and portions of

transoms. For gross plate thickness, #,-¢, greater than 12mm, partial penetration welding with a maximum root face length

lroot = ty-grs/3 1S acceptable.

(g) crane pedestals and associated bracketing and support structure, as required by Section 11/3.1.4.14.

Fig. 6.5.5 Examples of Suitable Edge Reinforcements

Butt Weld A

T b > 300mm
> “
v View A-A

54 Lapped Joints

Full Penetration

Sy

5.4.1 General

5.4.1.1 Overlaps may be adopted for end connections where the connection is not subject to high tensile or compressive loading.

5.4.1.2 Where overlaps are adopted, the width of the overlap, wi,, is not to be less than three fimes, but not greater than four times,
the gross thickness of the thinner of the plates being joined. See Fig. 6.5.6. Where the gross thickness of the thinner plate being joined
has a thickness of 25mm or more the overlap will be subject to special consideration. 5.4.1.3 The overlaps for lugs and collars in way
of cut-outs for the passage of stiffeners through webs and bulkhead plating are not to be less than three times the gross thickness of the
lug but need not be greater than 50mm. The joints are to be positioned to allow adequate access for completion of sound welds.

5.4.1.4 The faying surfaces of lap joints are to be in close contact and both edges of the overlap are to have continuous fillet welds.

Fig. 6.5.6 Lapped Joints
Fillet weld in lap joint
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5.4.2 Overlapped End Connections

5.4.2.1 Lapped end connections, where accepted by the Rules, are to have continuous welds on each edge with leg length, /g, as

shown in Fig. 6.5.6, such that the sum of the two leg lengths is not less than 1.5 times the gross thickness of the thinner plate.
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5.4.3 Overlapped Seams
5.4.3.1 Overlapped seams are to have continuous welds on both edges, of the sizes required by Table 6.5.1 for the boundaries of
tank or watertight bulkheads. Seams for plates with a gross thickness of 12.5mm or less, which are clear of tanks, may have one edge

with intermittent welds in accordance with Table 6.5.1 for watertight bulkhead boundaries.
5.5 Slot Welds

5.5.1 General

5.5.1.1 Slot welds may be specially approved for particular applications. Typical applications are indicated in 5.5.2 and 5.5.3, and
typical arrangements are shown in Fig. 6.5.7.

5.5.1.2 Slots are to be well-rounded and have a minimum slot length, Iy, of 75Smm and width, wg., of twice the gross plate
thickness. Where used in the body of doublers and similar locations, such welds are in general to be spaced a distance, Sgior, 0f 250 tO

350 but not greater than 250mm.

Fig. 6.5.7 Slot Welds
Slot welding

Lot Sslot Lo
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5.5.2 Closing Plates

5.5.2.1 For the connection of plating to internal webs, where access for welding is not practicable, the closing plating may be
attached by slot fillet welds to face plates fitted to the webs.

5.5.2.2 Slots are to be well rounded and have a minimum slot length, i, of 90mm and a minimum width, wy.r, of twice the gross
plate thickness. Slots cut in plating are to have smooth, clean and square edges and are in general to be spaced a distance, Sg0, NOt

greater than 140mm. Slots are not to be filled with welding.
5.6 Stud Welds

5.6.1 General
5.6.1.1 Where permanent or temporary studs are to be attached by welding to main structural parts in areas subject to high stress,

the proposed location of the studs is to be submitted for approval.
5.7 Determination of the Size of Welds

5.7.1 General
5.7.1.1 The following weld sizes are to be rounded to the nearest half millimetre.
5.7.1.2 The leg length, /i, as shown in Fig. 6.5.8, of continuous, lapped or intermittent fillet welds, in association with the
requirements of 5.7.2 to 5.7.5, is not to be taken as less than:

(@) lieg = fitp—grs

(0) Lieg = fyafwerafatp-grs T tgap

(¢) ligg as given in Table 6.5.2

Where:

Ji =0.30 for double continuous welding
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=0.38 for intermittent welding

: the gross plate thickness, in mm. Is generally to be taken as that of the abutting member (member being
attached). See 5.7.1.5

: correction factor taking into account the yield strength of the weld deposit

1\05 / 235 \0.75
= (—) ( ) but is not to be taken as less than 0.707
k Oweld

: minimum Yyield stress of the weld deposit, and is not to be less than
305N/mm? for welding of normal strength steel
375N/mm? for welding of higher strength steels with yield strength of 265 to 355N/mm?
400N/mm? for welding of higher strength steel with yield strength of 390N/mm?
See 5.9.4 for additional requirements that are to be applied where the weld size is determined based on a
weld deposit yield strength that exceeds the specified minimum value
: higher strength steel factor, as defined in 1.1.4. & is to be based on the material of the abutting member
: weld factor depending on the type of structural member, see 5.7.2, 5.7.3and 5.7.5
: correction factor for the type of weld

1.0 for double continuous fillet
Sctr

for intermittent or chain welding
lyela

: the actual length of weld fillet, clear of crater, in mm
: the distance between successive weld fillets, from centre to centre, in mm
: allowance for weld gap (lesser gaps may be permitted, see 5.9.2)

=2.0mm for Cpgrs > 6.5mm

1
=2 (1.25 — E)(mm) for t, ;5 <65mm

5.7.1.3 The throat size is not to be less than lleg/\/z where the leg length, /g, is as shown in Fig. 6.5.8.

5.7.1.4 The leg size for matched fillet welds either side of an intersection with intermittent welding is not to be greater than 0.62¢,.

grs OF 6.5mm, whichever is the lesser.

5.7.1.5 Where the gross web thickness of the abutting longitudinal stiffener is greater than 15mm and exceeds the thickness of the

table member (e.g. plating), the welding is to be double continuous and the leg length of the weld is to be not less than the greatest of

the following:

(a) 0.3 times the gross thickness of the table member. The table member thickness used need not be greater than 30mm

(b) 0.27 times the gross thickness of the abutting member plus 1.0mm. The leg size need not be greater than 8.0mm

(c) as given by Table 6.5.2 for stiffeners to plating.

5.7.1.6 Where the gap between members being joined exceeds 2mm and is not greater than Smm, the weld leg size is to be increased

by the amount of the opening in excess of 2mm. Where the opening between members is greater than Smm, corrective measures are to

be taken, in accordance with an approved welding procedure specification.
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Fig. 6.5.8 Weld Definitions
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5.7.2 Welding of Fillet Joints of Main Structural Components

5.7.2.1 General weld factors for the connections of the structural components of the hull are given in Table 6.5.1.

5.7.2.2  Where components of the hull form a part of a double skin primary support member the requirements of 5.7.4 are also to
be applied.

5.7.2.3  Where high tensile stresses act through an intermediate plate (see Fig. 6.5.4), increased fillet welds or penetration welds
are to be used as required by 5.8.

5.7.3 Welding of Primary Support Members

5.7.3.1 Weld factors for the connections of the web plating of primary support members are given in Table 6.5.4.

5.7.3.2 Where the minimum weld size is determined by the requirements of 5.7.1.2(b) the weld connections to shell, decks or
bulkheads are to take account of the material lost in the cut out where stiffeners pass through the member. In cases where the web

plating and the width of the notch exceeds 15 percent of the stiffener spacing, the size of the weld leg length is to be multiplied by:

0.85s
lW

Where:

s : stiffener spacing, in mm

Ly : length of web plating between notches, in mm, see Fig. 6.5.9

Fig. 6.5.9 Lost Material in Web Cut-outs for Stiffeners
S
< " -
width of cut-out
1
5.7.4 Welding of End Connections of Primary Support Members

5.7.4.1 Welding of end connections of primary support members (i.e. transverse frames and girders) is to be such that the weld
area, Aweld, is to be equivalent to the Rule gross cross-sectional area of the member. In terms of weld leg length, /g, this is to be taken
as by:
hy tp—grs

ligg = 1l41fyd? (mm)
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B : web height of primary support member, in mm, see Fig. 6.5.10
t,_grs :rule gross thickness of the primary support member, in mm
ldep : total length of deposit of weld metal, in mm. Generally this can be taken as
twice lyeis shown in Fig. 6.5.10 for a double continuous fillet weld
fra : correction factor taking into account the yield strength of the weld deposit, as
defined in 5.7.1.2
In no case is the size of weld to be less than that calculated in accordance with 5.7.1.2, using a minimum weld factor, fiews, of 0.48

in tanks or 0.38 elsewhere.

Fig. 6.5.10  End Connection of Primary Support Members

e hw lZ lI + lZ + l3 = lweld

weld

Note
1. The length /e is the length of the welded connection. The total length of the weld deposit s, is, for double continuous

fillet welds, twice the length of the welded connection /e

5.7.5 Welding at the Ends of Stiffeners

5.7.5.1 Welding of longitudinals to plating is to be double continuous at the ends of the longitudinals. In way of transverses the
length of the double continuous weld is to be equal the depth of the longitudinal, or the depth of the end bracket, whichever is greater.

5.7.5.2  For deck longitudinals, a matched pair of welds is required at the intersection of longitudinals with transverses.

5.7.5.3 The welding of stiffener (i.e. longitudinals, beams and bulkhead stiffeners) end connections is to be not less than as required
by Table 6.5.5. Where two requirements are given, the greater is to be complied with. The area of weld, Ayew , indicated in Table 6.5.5,
is to be applied to each arm of the bracket or lapped connection.

5.7.5.4 Where alongitudinal strength member is cut at a primary support structure and the continuity of strength is provided by
brackets, the weld area, 4., based on the effective throat times the length of the weld, is to be not less than the gross cross-sectional
area of the member. If the longitudinal strength member is of high strength steel, the weld area, Ayew, is to be multiplied by f4,, the
correction factor taking into account the yield strength of the weld deposit as defined in 5.7.1.2.

5.7.5.5 Where the stiffener member passes through, and is supported by the web ofa primary support member, the weld connection
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is to be in accordance with the requirements of Section 4/3.4.3.11.
5.7.5.6  Where intermittent welding is permitted, unbracketed stiffeners of shell, watertight and oil-tight bulkheads, and house
fronts are to have double continuous welds for one-tenth of their length at each end. Unbracketed stiffeners of non-tight structural

bulkheads, deck house sides and aft ends are to have a pair of matched intermittent welds at each end.
5.8 Weld for Structures subject to High Tensile Stresses
5.8.1 Minimum Leg Size

5.8.1.1 Where high tensile stresses act through an intermediate plate, see Fig. 6.5.11, the minimum leg length, /e, of double

continuous welds is to be taken as:

3 0.75 l
lig = 192(=—) [0.2 +(52= - O.ZS)L‘"] ty—grs+ 2.0 (mm)

Oweld 270 tp—grs
Where:
o : maximum tensile stress in plate being attached, in N/mm?
Lroot : root face length, in mm

t,—gs :gross thickness of plate being attached, in mm
Cveld : as defined in 5.7.1.2, where Gies is limited to the maximum value permitted
by the limits imposed on correction factor taking into account the yield

strength of the weld deposit, £, as defined in 5.7.1.2

Fig. 6.5.11  Welds subject To High Tensile Stresses
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5.9 Reduced Weld Size

5.9.1 General

5.9.1.1 Reduction in fillet weld sizes that are required by 5.7 may be specially approved in accordance with either 5.9.2, 5.9.3 or
5.9.4.

5.9.1.2 Where any of the methods for reduction of the weld size are adopted, the specific requirements giving justification for the
reduction are to be indicated on the drawings. The drawings are to document the weld design and dimensioning requirements for the
reduced weld leg length and the required weld leg length given by 5.7 without the permitted leg length reduction. Also, notes are to be
added to the drawings to describe the difference in the two leg lengths and the requirements for their application.

5.9.2 Controlled Gaps

5.9.2.1 Where quality control facilitates working to a gap between members of 1mm or less, a reduction in fillet weld leg size of
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0.5mm is permitted.
5.9.3 Deep penetration Welding
5.9.3.1 Where an approved automatic deep penetration procedure is used and quality control facilitates are working to a gap
between members of 1mm or less, the weld factors given in Tables 6.5.1, 6.5.2(c) and (d), 6.5.4 and 6.5.5 may be reduced by 15 percent.
Reductions of up to 20 percent, but not more than the fillet weld leg size of 1.5mm, will be accepted provided that the Shipyard is able
to consistently meet the following requirements:
(a) the welding is performed to a suitable process selection confirmed by welding procedure tests covering both minimum and
maximum root gaps
(b) the penetration at the root is at least the same amount as the reduction into the members being attached
(c) demonstrate that an established quality control system is in place.
5.9.4 Controlled Welding Consumables
5.9.4.1 Where quality control systems are in place which ensure that the grade of welding consumable used is higher than the
minimum required for the particular strength steel being welded, the welding consumables that are used may have a weld deposit
material yield strength that is greater than the minimums specified in 5.7.1.2 and the size of the weld may be determined based on the

yield strength of the higher grade welding consumable.
5.10 End Connections of Pillars and Cross Ties

5.10.1 Effective Weld Area
5.10.1.1 The end connections of pillars and cross ties are to have an effective fillet weld area (weld throat multiplied by weld

length) not less than:

235 )0.75

Awera = I3 (0’

AgysP (cm?)
weld

Where:

A, :gross cross-sectional area, for the pillar or cross tie, in m?
P : design pressure load, for the structure under consideration, in kN/n’
Ovweld :minimum yield stress of the deposit, as given in 5.7.1.2, where Gz is limited to
the maximum value permitted by the limits imposed on f,¢ in 5.7.1.2
Sz = 0.05 when pillar or cross tie is in compression only

= 0.14 when pillar or cross tie is in tension

5.11 Alternatives

5.11.1 General
5.11.1.1 The foregoing are considered minimum requirements for electric-arc welding in hull construction, butalternative methods,
arrangements and details will be specially considered for approval.

5.11.1.2  The leg length limits given in Table 6.5.2 are to be complied with in all cases.
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Table 6.5.1 Weld Factors

Weld Factor
Items Remarks

Joveld

(1) General application except as required by items

2-11
Watertight boundaries 0.43
Non-tight plate boundaries 0.18
Strength deck plating to shell see Table 6.5.3
Other decks to shell and bulkheads (except where forming )
tank boundarics) 0.30 generally continuous
Stiffeners to plating (clear of end connections) 0.13 in dry spaces

0.18 in tanks

or extent of end bracket if
Stiffeners to plating for 0.1 span at ends 0.21

greater
Panel stiffeners 0.13
Overlapped welds generally 0.36
Longitudinals, with gross web thickness greater than .
1S, to plating see 5.7.1.5 tp-grs as defined in 5.7.1.5

(1)
(2) Bottom construction in cargo tank region
Non-tight centre girder: to keel 0.30
to inner bottom 0.28 no scallops
Non-tight boundaries of floors and girders 0.15 mid half span

0.24 end quarters span

Floors and girder to inner bottom
in way of:
vertical primary supporting members 0.43 M
Connection between floors and girders 0.36 M
End connection of floors and girders 0.43 M
Docking brackets 0.30

includin, bilge  hopper
(3) Side construction in cargo tank region g g PP
tanks, (V

Vertical webs to inner hull bulkhead

in way of deck transverse/bracket 0.43
in way of cross tie, as applicable 0.36
Elsewhere 0.24
Vertical webs to shell 0.24
Vertical webs end connection 0.43 M

) including pump room and
(4) Cargo tank bulkhead construction
cofferdam, "

Longitudinal and transverse oil-tight bulkhead boundaries:

to deck, inner bottom and bottom shell 0.51

at sides 0.43

Vertical corrugation

at upper end 0.51
at lower end see 5.3.4
Non-tight bulkhead boundaries 0.24
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Primary support members see Table 6.5.4

Connection between primary support members 0.49

(5) Structures in machinery space

Centre girder to keel and inner bottom 0.36

Floors to centre girder in way of:

Engines 0.36
thrust and boiler bearers 0.36
Floors to main engine foundation girders 0.36
Floors/girders to shell and inner bottom 0.24

Main engine foundation girders to top plate and primary | Partial penetration | edge to be prepared with
hull structure maximum root  0.33%,.g

deep penetration

Foundation:

auxiliary diesels (>350kw) 0.40
boiler and other auxiliaries 0.35
Brackets supporting engine foundation 0.21

(6) Construction in 0.25Lcsg-r forward

In way of flat of bottom:

floors to shell and inner bottom 0.18

girders to shell and inner bottom 0.28

Bottom longitudinals to shell:

flat of bottom forward 0.30
Elsewhere 0.18
side shell stringers to shell 0.24

Fore peak construction:

internal structures 0.18

(7) Aft peak construction

Internal structure:

below water line 0.30

above waterline 0.18

(8) Superstructures and deck houses

Connection of external bulkhead to deck

first and second tier erections 0.28
Elsewhere 0.15
Internal bulkheads 0.12

(9) Closing Arrangements

Hatch coaming to deck 0.43
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Cleats and fittings 0.60 minimum  weld  factor.
Where ty-grs > 11.5mm, lieg
need not exceed 0.62%.gr.
Penetration welding may be

required  depending on

design
Hatch covers:
oil-tight joints 0.46
watertight joints:
Outside 0.46
Inside 0.18
Hatch covers:
at end of stiffener (unbracketed) 0.38 3
at end of stiffener (bracketed) 0.38
Elsewhere 0.12
(3)
(10) Deck Equipment
Masts, derrick posts, crane pedestals, etc., to deck 0.43
Deck machinery seats to deck 0.20
Mooring equipment seats 0.43

(11) Miscellaneous fittings and equipment

Rings for access hole type covers to ship 0.43
Frames of shell and weathertight doors 0.43
Stiffening of shell and weathertight doors 0.24
Ventilators, air pipes, etc., coaming to deck 0.43
Ventilators, etc., fittings 0.24
Scuppers and discharge to deck 0.55
Bulwark stays to deck 0.24
Bulwark attachment to deck 0.43
Guard rails, stanchions, etc., to deck 0.43
Bilge keel ground bars to shell see Table 11.3.1
Bilge keels to ground bars see Table 11.3.1
Fabricated anchors full penetration
Notes

1. The weld size is to be increased for areas with high tensile stress, see 5.8.
2. Unbracketed stiffeners and webs of hatch covers are to be welded continuously to the plating and to
the face plate for a length, at the ends, equal to the end depth of the member.

3. Weld factors are minimum values.
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Table 6.5.2  Leg Size

ltem Minimum Leg
SizeV, mm
(a) Gross plate thickness #,.g-s < 6.5mm"
Hand or automatic welding 4.0
Automatic deep penetration welding 4.0
(b) Gross plate thickness #, ¢ > 6.5mm>
Hand or automatic welding 4.5
Automatic deep penetration welding 4.0
(c) Welds within 3m below top of ballast and cargo tanks® ¢ 6.5
(d) All welds in cargo tank region, except in (c) ) 6.0

Notes

1. In all cases, the limiting value is to be taken as the greatest of the applicable values
given above.

2. Only applicable to cargo and ballast tanks with weather deck as the tank top.

3. See 5.9 for provisions to reduce minimum leg size.

4. A reduction to 5.5mm leg size for the secondary structural elements such as carling,
buckling stiffeners and tripping brackets may be applied without additional gap
control.

5. For superstructure and deck houses, the minimum leg length may be taken as

3.5mm.

Table 6.5.3  Weld Connection of Strength Deck Plating to Sheer Strake

Stringer Weld type
gross plate thickness,
in mm
fp-grs <15 Double continuous fillet weld with a leg size of 0.60 #.ors + 2.0mm
Single vee preparation to provide included angle of 50° with root face length /o0
< tp-grs /3 in conjunction with a continuous fillet weld with a weld factor of 0.35
15 <tp.grs <20 or
Double vee preparation to provide included angle of 50° with root face length /.o
< lpgrs/3
Double vee preparation to provide included angle of 50° with root face length /o0
o> 20 < ty.ars /3, but not to be greater than 10mm

Where #,.¢rs = gross thickness of stringer plate, in mm

50°
< -

N\ g
i ol

50°

I

root

single vee preparation double vee preparation

Note
Welding procedure, including joint preparation, is to be specified and approved for individual builders.
Where structural members pass through the boundary of a tank a leak stopper is to be arranged in accordance with 4.4.4.

Alternative connections will be specially considered.
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Table 6.5.4  Connection of Primary Support Members
Primary Support Member Weld factor, fiei
gross face area, in cm’
Greater than Not greater Position ! In tanks In dry spaces
than To face To plating To face To plating
plate plate
30.0 Atends 0.20 0.26 0.20 0.20
Remainder 0.12 0.20 0.12 0.15
30.0 65.0 At ends 0.20 0.38 0.20 0.20
Remainder 0.12 0.26 0.12 0.15
65.0 95.0 Atends 0.42 0.59 @ 0.20 0.30
Remainder 0.30 @ 0.42 0.15 0.20
95.0 130.0 Atends 0.42 0.59 @ 0.30 0.42
Remainder 0.30 @ 0.42 0.20 0.30
130.0 Atends 0.59 @ 0.59 @ 0.42 0.59 @
Remainder 0.42 0.42 0.30 0.42
Notes

1. The weld factors ‘at ends’ are to be applied for 0.2 times the overall length of the member from

each end, but at least beyond the toe of the member end brackets. On vertical webs, the increased

welding may be omitted at the top, but is to extend at least 0.3 times overall length from the bottom.

2. Weld factor 0.38 to be used for cargo tanks.

3. Where the web plate thickness is increased locally to meet shear stress requirements, the weld size

may be based on the gross web thickness clear of the increased area, but is to be not less than weld

factor of 0.42 based on the increased gross thickness.

4. In regions of high stress, see 5.3.4, 5.7.4 and 5.8.

Table 6.5.5 Stiffener End Connection Welds
Connection Weld area, Avweuw, in cm? Weld Factor ,
Srveta )

0.25A450rs 2

(1) Stiffener welded direct to plating tgm OF M 038
whichever is the greater

(2) Bracketless connection of stiffeners, stiffener lapped to

bracket or bracket lapped to stiffener:

(a) in dry space 1.2\/Z s 0.26

(b) in tank L4\ Zgy s 0.38

(c) main frame to tank side bracket in 0.15Lcsg-7 forward | as (a) or (b) 0.38

(3) Bracket welded to face of stiffener and bracket 038

connection to plating

Where:
Asif-grs gross cross sectional area of the stiffener, in cm?
Aveld weld area, in cm?, and is calculated as total length of weld, in cm, times throat thickness, in cm
(Where the gap exceeds 2mm the weld size is to be increased. See 5.7.1.6)
Z gy the gross section modulus required, in em’, of the stiffener on which the scantlings of the bracket

are based
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Note

1. For minimum weld fillet sizes, see Table 6.5.2.
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Section 7 LOADS

1. Introduction

1.1 General

1.1.1 Application
1.1.1.1  This section provides in detail the loads and load combinations for the scantling calculations. The loads cover load scenarios

in harbour and at sea, see Section 2/5.4, dividing the loads into static load components, dynamic load components, sloshing loads and
impact loads.

1.2 Definitions

1.2.1 Coordinate System
1.2.1.1 The applied coordinate system x, y, z is as defined in Section 4/1.4.1.1.

1.2.1.2 The direction of the incident waves are specified by the angle /3 between the x-axis and the propagating wave direction as
shown in Fig. 7.1.1. Examples given:

(a) head seais waves propagating in the negative x-direction,
(b) beam sea is waves propagating in the positive or negative y-direction,
(c) oblique sea is waves propagating in a direction between head and beam sea (or following and beam sea), and

(d) following sea is waves propagating in positive x-direction.

Fig. 7.1.1 Definition of Wave Heading

Y
wave
direction

\
=

1.2.2 Sign Conventions
1.2.2.1 Positive motions, as shown in Fig. 7.1.2, are defined as:
(a) positive surge is translation along positive x-axis (forward)
(b) positive sway is translation along positive y-axis (towards port side of vessel)
(c) positive heave is translation along positive z-axis (upwards)
(d) positive roll is starboard down and port side up
(e) positive pitch is bow down and stern up

(f) positive yaw is bow rotating towards portside of vessel and stern towards starboard side.
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Fig. 7.1.2

Definition of Positive Motions
heave

Note

1. This figure shows the rotation axis and not the coordinate system.

1.2.2.2 Positive accelerations are defined as:

(a) positive longitudinal acceleration is acceleration along positive x-axis (forward)

(b) positive transverse acceleration is acceleration along positive y-axis (towards portside of vessel)

(c) positive vertical acceleration is acceleration along positive z-axis (upwards).

1.2.2.3  The sign convention of positive vertical hull girder shear force is shown in Fig. 7.1.3.

Fig. 7.1.3 Positive Vertical Shear Force

j *)

1.2.2.4 The sign conventions of positive hull girder bending moments are shown in Fig. 7.1.4 and 7.1.5, and are defined as:

(a) positive vertical bending moment is a hogging moment and negative vertical bending moment is a sagging moment

(b) positive horizontal bending moment is tension on the starboard side and compression on the port side.

Fig. 7.1.4 Positive Vertical Bending Moment

)

Fig. 7.1.5 Positive Horizontal Bending Moment

)
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2. Static Load Components

2.1 Static Hull Girder Loads

2.1.1 Permissible Hull Girder Still Water Bending Moment
2.1.1.1 The designer is to provide the permissible hull girder hogging and sagging still water bending moment limits for seagoing,
Myv-perm-sea, and harbour/sheltered water operations, Miy-perm-harb-
2.1.1.2 The permissible hull girder hogging and sagging still water bending moment limits are to be given at each transverse
bulkhead in the cargo area, at the middle of cargo tanks, at the collision bulkhead, at the engine room forward bulkhead and at the
midpoint between the fwd and aft engine room bulkhead.
2.1.1.3 The permissible hull girder hogging and sagging still water bending moment envelope is given by linear interpolation
between values at the longitudinal positions given in 2.1.1.2.
2.1.1.4 The permissible hull girder hogging and sagging still water bending moment envelopes are to be included in the loading
manual as required in Section 8/1.1.2.
2.1.1.5 The permissible hull girder hogging and sagging still water bending moment envelopes for seagoing operations, Miy-perm-
sea> are to envelop the minimum hull girder hogging and sagging still water bending moments given in 2.1.2.1 and 2.1.2.2 the most
severe hogging and sagging hull girder still water bending moments calculated for any seagoing loading condition given in the loading
manual. The requirements for the loading conditions are given in Section 8/1.1.2.
2.1.1.6 The permissible hull girder hogging and sagging still water bending moment envelopes for harbour/sheltered water
operation, Myy.perm-harb, are to envelop the minimum hull girder hogging and sagging still water bending moments given in 2.1.2.3 and
the most severe hogging and sagging hull girder still water bending moments calculated for any harbour/sheltered water loading
condition given in the loading manual and are not to be less than the permissible envelopes for seagoing operation, M-perm-sea-
Guidance note:
It is recommended that, for initial design, the permissible hull girder hogging and sagging still water bending moment envelopes
are at least 5% above the hull girder still water bending moment envelope from the loading conditions in the loading manual,
to account for growth and design margins during the design and construction phase of the ship.
2.1.2 Minimum Hull Girder Still Water Bending Moment
2.1.2.1 The minimum hull girder hogging and sagging still water bending moment for seagoing operations, My-min-sea-mid, at
amidships is to be taken as:
for hogging:
Msw—min—sea—mid = fsea(zv—min Gperm—sealog - va—hog) (kNm)
which is identical to

Mgy min—sea—mid = 0-01 Cyp Lesg_r2 B(11.97 — 1.9C,) (kNm)

for sagging:
Msw—min—sea—mid = fsea(zv—min Operm— sea1 0 : + va —sag) (kNm)
which is identical to

Msy —min-sea-mia = —0.05185 Cy,, LCSR—TZB (Cp+0.7) (kNm)

Where:
Jsea -0.85 for sagging
1.0 for hogging
Zy-min : rule minimum hull girder section modulus as given in Section 8/1.2.2.2, in m’
Operm-sea : allowable seagoing hull girder bending stress at midships, as defined in Section

8/1.2.3.2, in N/mm’
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M,,, 1oy :envelope values of hogging vertical wave bending moment at midships as defined
in 3.4.1.1, in k\Nm

: envelope values of sagging vertical wave bending moment at midships as defined

wy-sag
in 3.4.1.1, in kNm

Cw : wave coefficient, as defined in 3.4.1.1

Lcsr-r :rule length, , in m, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1, in m

Chp : block coefficient, as defined in Section 4/1.1.9.1

2.1.2.2  The minimum hull girder hogging and sagging still water bending moment for seagoing operations, Msy-min-sea, at any

longitudinal position is to be taken as:

Mgy —min—sea = fsw Msw—min-sea-mid (kNm)
Where:
fow 1.0 within 0.4Lcsg-r amidships
0.15 at 0.1Lcsg-r from A.P. or F.P.
0 at A.P. and F.P.

intermediate f;, values are to be obtained by linear interpolation, see Fig. 7.2.1

2.1.2.3 The minimum hull girder hogging and sagging still water bending moment for harbour/sheltered water operations, Msy-min-

narb, at any longitudinal position is to be taken as:

Msw—min—harb =125 Msw—min—sea (kNm)

Where:
M- min-sea . corresponding minimum hull girder hogging and sagging still water bending moment for
seagoing operation at the section under consideration, see 2.1.2.1 and 2.1.2.2
Fig. 7.2.1 Still Water Bending Moment Distribution
fow A
10 ____________
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
0.15 t-—-A-------- 1 r
1 1 1
1 1 1
: : : ! -
0.0 0.1Lgpr 0.3Lcsrr [0} 0.7Lesgr 0.9Lcgrr 1.0Lcgp 1
AP F.P.
2.1.3 Still Water Shear Force

2.1.3.1 The designer is to provide the permissible hull girder positive and negative still water shear force limits for seagoing, Q-
perm-sea> and harbour/sheltered water operations, Qs-perm-harb-

2.1.3.2 The permissible hull girder positive and negative still water shear force limits are to be given at each transverse bulkhead
in the cargo area, at the middle of cargo tanks, at the collision bulkhead and at the engine room forward bulkhead.

2.1.3.3 The permissible hull girder positive and negative still water shear force envelope is given by linear interpolation between
values at the longitudinal positions given in 2.1.3.2.

2.1.3.4 The permissible hull girder positive and negative still water shear force envelopes are to be included in the loading manual
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as required in Section 8/1.1.2.
2.1.3.5 The permissible hull girder positive and negative still water shear force envelopes for seagoing operation, Qsw-perm-sea, are
to envelope the minimum hull girder positive and negative still water shear forces given in 2.1.4.1, 2.1.4.2 and the most severe positive
and negative hull girder still water shear forces for any seagoing loading condition given in the loading manual. The requirements for
the loading conditions are given in Section 8/1.1.2.
2.1.3.6 The permissible hull girder positive and negative still water shear force envelopes for harbour operation, Qsw-perm-harb, are
to envelop the minimum hull girder positive and negative still water shear forces given in 2.1.4.3, 2.1.4.4 and the most severe positive
and negative hull girder still water shear forces for any harbour/sheltered water loading condition given in the loading manual and are
not to be less than the permissible envelopes for seagoing operation, Qgw-perm-sea-
Guidance note:
It is recommended that, for initial design, the permissible hull girder still water shear force envelopes are at least 10% above
the hull girder shear force envelope from the loading conditions in the loading manual, to account for growth and design margins
during the design and construction phase of the ship.
2.1.4 Minimum Hull Girder Still Water Shear Force
2.1.4.1 For ships with two longitudinal bulkheads, the minimum hull girder positive and negative still water shear force for

seagoing operation, Qg-min-sea, i Way of transverse bulkheads between centre cargo tanks, is to be taken as:

{0-225prlocalltkTsc
X
0.5pg [0.98 (VCT + ZVST) - 0'7BlocalltkTsc]

+

Qsw—min-seq = TMa

(kN)

and taken as the maximum value of Qgy-min-sea Calculated for cargo/ballast tanks forward and

aft of the transverse bulkhead

Where:
p : density of cargo/sea water, not to be taken less than 1.025 tonnes/m’
g - acceleration due to gravity, 9.81 m/s’

Biocr @ local breadth at T at the middle length of the tank under consideration, in m

L : length of cargo tank under consideration, taken at the forward or aft side
of the transverse bulkhead under consideration, in m

Ty : scantling draught, in m, as defined in Section 4/1.1.5.5

Ver : volume of centre cargo tank, taken for the cargo tank on the forward or aft side
of the transverse bulkhead under consideration, in m?®

Vst : volume of side cargo tank, taken for the cargo tank on the forward or aft side

of the transverse bulkhead under consideration, in m?’

2.1.4.2  For ships with centreline longitudinal bulkhead, the minimum hull girder positive and negative still water shear force for

seagoing operation, Qsw-min-sea, in Way of transverse bulkheads between cargo tanks is to be taken as:

Qsw-min—sea = T 0:4p9B1ocaililsc (kN)
and taken as the maximum value of Qgy-min-sea calculated for cargo/ballast tanks forward and aft of the

transverse bulkhead

Where:
p : density of cargo/sea water, not to be taken less than 1.025 tonnes/m’
g - acceleration due to gravity, 9.81 m/s’

Biocat s local breadth at 7. at the middle length of the tank under
consideration, in m

I : length of cargo tank under consideration, taken at the forward or aft side
of the transverse bulkhead under consideration, in m

Tse : scantling draught, in m, as defined in Section 4/1.1.5.5

2.1.4.3 For ships with two longitudinal bulkheads, the minimum hull girder positive and negative still water shear force for
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harbour/sheltered water operation, Qsy-min-harb, iIn Way of transverse bulkheads between centre cargo tanks, is to be taken as:
0-275prlocalltkTsc

—min— = + max
Cow-min-hary {O.Spg [0.98 (Ve + 2Vep) — 0.6B 00l eiTic] (kN

and taken as the maximum value of Qgy-min-rary calculated for cargo/ballast tanks forward

and aft of the transverse bulkhead

Where:
p : density of cargo/sea water, not to be taken less than 1.025 tonnes/m’
g s acceleration due to gravity, 9.81 m/s?
Biocar  :local breadth at T at the middle length of the tank under consideration, in m
I : length of cargo tank under consideration, taken at the forward or aft side
of the transverse bulkhead under consideration, in m
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5
Ver : volume of centre cargo tank, taken for the cargo tank on the forward or
aft side of the transverse bulkhead under consideration, in m’
Vsr : volume of side cargo tank, taken for the cargo tank on the forward or

aft side of the transverse bulkhead under consideration, in m’
2.1.4.4 For ships with centreline longitudinal bulkhead, the minimum hull girder positive and negative still water shear force for
harbour/sheltered water operation,
Osw-min-harb, In Way of transverse bulkheads between cargo tanks, is to be taken as:
Qsw—min—narp = * 0.45p9BocqilrcTsc (kN)
and taken as the maximum value of Qgy-min-nars calculated for cargo/ballast tanks forward

and aft of the transverse bulkhead

Where:
p : density of cargo/sea water, not to be taken less than 1.025 tonnes/m’
g : acceleration due to gravity, 9.81 m/s?
Biocal - local breadth at 7. at the middle length of the tank under consideration, in m
I : length of cargo tank under consideration, taken at the forward or aft side
of the transverse bulkhead under consideration, in m
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5

2.2 Local Static Loads

221 General
2.2.1.1 The following static loads are considered:
(a) static sea pressure
(b) static tank pressure
(c) tank overpressure
(d) static deck load
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2.2.2 Static Sea Pressure
2.2.2.1 The static sea pressure, Pjys, is to be taken as:
Prys = Pswd(Tic —2) (kN/m2)

Where:
z : vertical coordinate of load point, in m, and is not to be greater than 7c, see Fig. 7.2.2
Psw : density of sea water, 1.025tonnes/m*
Tic : draught in the loading condition being considered, in m
g : acceleration due to gravity, 9.81m/s’
Fig. 7.2.2 Static Sea Pressure
I
I
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2.2.3 Static Tank Pressure

2.2.3.1 The static tank pressure, P, is to be taken as:
Pin—tk = PIZtk (kN/m?)

Where:

Zik : vertical distance from highest point of tank, excluding small hatchways, to the
load point, see Fig. 7.2.3, in m

p : density of liquid in the tank, is not to be taken as less than
0.9 for liquid cargo for fatigue strength
1.025 otherwise
see Section 2/3.1.8, in tonnes/m’

g - acceleration due to gravity, 9.81m/s’
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2.2.3.2 The static tank pressure, Pi.qir, in the case of overfilling or filling during flow through ballast water exchange, is to be taken

as:

Pin_air = Psw9Zair (kN/mz)

Where:

Zair : vertical distance from top of air pipe or overflow pipe to the load point,
whichever is the lesser, see Fig. 7.2.3, in m

=z + hair
Psw : density of sea water, 1.025tonnes/m’
g s acceleration due to gravity, 9.81m/s’

Rair : height of air pipe or overflow pipe, in m, is not to be taken less than 0.76 m above
highest point of tank, excluding small hatchways. For tanks with tank top below the
weather deck the height of air-pipe or overflow pipe is not to be taken less than
0.76m above deck at side unless a lesser height is approved by the flag
Administration. See also Fig. 7.2.3.

Fig.7.2.3 Pressure-Heads and Distances used for Calculation of Static Tank Pressure
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2.2.3.3 The added overpressure due to sustained liquid flow through air pipe or overflow pipe in the case of overfilling or filling
during flow through ballast water exchange, Puwp, is to be taken as 25 kN/m’. Additional calculations may be required where piping
arrangements may lead to a higher pressure drop, for example long pipes or arrangements such as bends and valves.

2.2.3.4 The pressure, Pinfood, in compartments and tanks in a flooded or damaged condition is to be taken as:

Pin—flood = PswI%flood (kN/mZ)

Where:
Zmoa  : vertical distance from the load point to the deepest equilibrium waterline in
damaged condition obtained from applicable damage stability calculations or
to freeboard deck if the damage waterline is not given, in m
Psw : density of sea water, 1.025tonnes/m*
g - acceleration due to gravity, 9.81m/s’
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2.2.3.5 The tank testing pressure, Pi.ess, 1S to be taken as the greater of the following, see also the testing requirements in Table
11.5.1:
Pin—test = Psw9Ztest (kN/mz)
Pin_test = Psw9Ztk T Poawe (kN/mZ)

Where:

Zrest : vertical distance to the load point, is to be taken as the greater of the
following, in m:
(a) top of overflow
(b) 2.4 m above top of tank

Zik : vertical distance from highest point of tank, excluding small hatchways, to the
load point, see Fig. 7.2.3, in m

Psw : density of sea water, 1.025tonnes/m’

g : acceleration due to gravity, 9.81m/s?

Poawe : setting of pressure relief valve, if fitted, is not to be taken less than 25kN/m?

2.2.4 Static Deck Pressure from Distributed Loading

2.2.4.1 The pressure on decks and inner bottom, P, is to be taken as:

Bstar = Paeck (kN/m2)

Where:

Paeck  :uniformly distributed pressure on lower decks and decks within superstructures,
including platform decks in the main engine room and for other spaces with heavy
machinery components, in kN/m”. Puecr is not to be taken less than 16kN/m?.
Design pressures for decks of deck houses are provided in Section 11/1.4.

2.2.5 Static Deck Loads from Heavy Units

2.2.5.1 The scantlings of structure in way of heavy units of cargo and equipment are to consider gravity forces acting where the
mass is 20 tonnes or greater. The load acting on supporting structures and securing systems for heavy units of cargo, equipment or

structural components, Fias, 1S to be taken as:

Estar = Myng (kN)

Where:
Mun : mass of unit, in fonnes
g : acceleration due to gravity, 9.81m/s’
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3. Dynamic Load Components

3.1 General

3.1.1 Basic Components
3.1.1.1 Formulas for ship motions and accelerations are given in this sub-section.
3.1.1.2 Formulas for the envelope value of the basic dynamic load components are also given. The basic load components are:
(a) vertical wave bending moment and shear force
(b) horizontal wave bending moment
(c) dynamic wave pressure
(d) dynamic tank pressures.
3.1.2 Envelope Load Values
3.1.2.1 The envelope loads for scantling requirements and strength assessment are given at a 10" probability level, while the
envelope loads for fatigue strength are given at a 10™ probability level.
3.1.2.2 For scantling requirements and strength assessments, correction factors to account for non-linear effects and operational
considerations in heavy weather are given.
3.1.2.3 For fatigue strength a factor adjusts the envelope load from a 107 probability level to a 10 probability level. A speed
correction factor is applicable where appropriate.
3.1.2.4 The envelope value is the long term value, at a given probability level, taking into consideration the effect of all wave
headings.
3.1.3 Metacentric Height and Roll Radius of Gyration
3.1.3.1 The metacentric height, GM, and roll radius of gyration, 7.¢r associated with the rule loading conditions or specified

draughts are specified in Table 7.3.1.

Table 7.3.1  GM and roirgpr

Tic GM Troll-gyr
Loaded at deep draught between 0.97. and Ty 0.128 0.358
Loaded on reduced draught 0.67 0.24B 0.40B
In ballast Tha 0.33B 0.45B
Where:
B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Tic : draught in the loading condition being considered, in m
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5
Trar : minimum design ballast draught, in m, as defined in Section 4/1.1.5.2
Thai-n :normal ballast draught, in m, as defined in Section 4/1.1.5.3

3.1.3.2 For the optional loading conditions, GM is to be taken as the corrected metacentric height given in the loading manual.
Where GM for optional loaded or gale/femergency ballast conditions is not specified, GM is to be taken as 0.12B8 for mean draught
greater or equal to 0.97., and 0.24B for mean draught equal or less than 0.67. For optional loading conditions with a mean draught
other than the values defined, GM is to be obtained by linear interpolation based on values for 0.6 and 0.97..

3.1.3.3  rougrfor optional loaded or gale/emergency ballast conditions is, unless provided based on the loading manual, to be taken
as 0.35B for mean draught greater or equal to 0.9 7sc, and 0.4B for mean draught equal or less than 0.6 7. For optional loading conditions
with a mean draught other than the values defined above, 7. may be obtained by linear interpolation based on values for 0.6 7. and
0.97s.

3.1.3.4 For the loading conditions used for fatigue strength, GM is to be taken as the corrected metacentric height given in the

loading manual. If not available, GM is to be taken as specified in Table 7.3.1 for ballast condition and according to the procedure
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described in 3.1.3.2 for full load condition. 7i.gris, unless based on the loading condition, to be taken as specified in Table 7.3.1 for

ballast condition and according to the procedure described in 3.1.3.3 for full load condition.

3.2 Motions

3.2.1 General
3.2.1.1 The envelope values for ship motions are given ata 10 probability level.
3.2.2 Roll Motion

3.2.2.1 The natural roll period, Uy, is to be taken as:
U 2-30rroll—gyr ( )
= secs
roll \/m
Where:
GM : metacentric height, in m, as defined in 3.1.3

r

vou—gyr - Toll radius of gyration, in m, as defined in 3.1.3

3.2.2.2 The roll angle, 8, is to be taken as:

50
0 =——=(1.25-0.025U,o;) fpx (rads)

B+75
Where:
Jok 1.2 for ships without bilge keels
1.0 for ships with bilge keels
B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Urou : roll period, in secs, as defined in 3.2.2.1
3.23 Pitch Motion

3.2.3.1 The characteristic pitch period, Upics, is to be taken as:

2
Upieen = fy 062+ fllesgr )

Where:
5 = 1.0+ % (LCSS% — 0.67)
Tic
fT - TSC
Vo : vessel speed, in knots, is to be taken as:
0 for scantling requirements and strength assessment
0.75V  for fatigue strength
V : maximum service speed, in knots, as defined in Section 4/1.1.8.1
Te : scantling draught, in m, as defined in Section 4/1.1.5.5
Tic : draught in the loading condition being considered, in m
Lesrr : rule length, in m, as defined in Section 4/1.1.1.1

148



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 7 (February 2015) CIaSSNI(

3.2.3.2 The pitch angle, ¢, is to be taken as:

Vi 0.25 1 b
¢ =960\ — - (radians)
Cp Lcsgr-1 180
Where:
" : vessel speed, in knots. Is to be taken as V, but not to be taken as less than 10
vV : maximum service speed, in knots, as defined in Section 4/1.1.8.1
Cp : block coefficient, as defined in Section 4/1.1.9.1

Leser :rule length, in m, as defined in Section 4/1.1.1.1

33 Ship Accelerations

3.3.1 General

3.3.1.1 The envelope values for combined translatory accelerations due to motion in six degrees of freedom are given. The
transverse and longitudinal components of acceleration include the component of gravity due to roll and pitch.

3.3.2 Common Acceleration Parameter

3.3.2.1 The common acceleration parameter, ao, is to be taken as:

24 34 600 >

+ —
2
vLcsr-1 Lesr-1 Lesp—7

ag = (158 — o.47cb)<

Where:
Cp : block coefficient, as defined in Section 4/1.1.9.1

Lese-r - rule length, in m, as defined in Section 4/1.1.1.1

3.3.3 Vertical Acceleration
3.3.3.1 The envelope vertical acceleration, a,, at any position, is to be taken as:
_ 2 2 2 2
a, = fprob\/aheave + apitcn-—z T Arou-z (m/s)
Where:
Qheave : vertical acceleration due to heave, is to be taken as

= fv@og (m/s?)

Apitch-z : vertical acceleration due to pitch, is to be taken as
2
=(0.3 + LCSR_T)¢( 2 ) lx — 045Lsp_sl  (m/s?)
325 Upitch
Qroll-z : vertical acceleration due to roll, is to be taken as
21 \?
= 1.29( ) Y (m/s%)
Uroll

ao : common acceleration parameter, as defined in 3.3.2.1
g s acceleration due to gravity, 9.81m/s’
[0 : pitch angle, in rads, as defined in 3.2.3.2
Ubpitch : pitch period, in secs, as defined in 3.2.3.1
Lcsr-r : rule length, in m, as defined in Section 4/1.1.1.1
0 :roll angle, in rads, as defined in 3.2.2.2
Uron : roll period, in secs, as defined in 3.2.2.1
X : longitudinal coordinate, in m
y : transverse coordinate, in m
Jorob : as defined in 3.3.3.2 and 3.3.3.3 as appropriate
fr : as defined in 3.3.3.2 and 3.3.3.3 as appropriate

149



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 7 (February 2015) CIaSSNI(

3.3.3.2 For scantling requirements and strength assessment:
Jorob is to be taken as 1.0
fr is to be taken as 1.0

3.3.3.3 For fatigue strength:

Sorob is to be taken as 0.45
Cp-rc )’ Lesr-T
4 =( b c) (1.2 _Lgs
’ Cp 1000
Where:
Ch-Lc : block coefficient for considered loading condition, as defined in Section 4/1.1.9.2
Cp : block coefficient, as defined in Section 4/1.1.9.1
Lesg-r : rule length, in m, as defined in Section 4/1.1.1.1
3.34 Transverse Acceleration

3.3.4.1 The envelope transverse acceleration, a;, at any position, is to be taken as:

_ 2 ; 2 2
ag = fprob\/asway + (g sinf + aroll—y) (m/s°)
Where:
Asway : transverse acceleration due to sway and yaw, is to be taken as

=03ga, (m/s?)

Aroll-y : transverse acceleration due to roll, is to be taken as
2m \?
=0 (_) Ryou (m/s?)
Uroul
0 :roll angle, in rads, as defined in 3.2.2.2
Uron : roll period, in secs, as defined in 3.2.2.1
D T D
R0l =z - (Z + T) or z — (;), whichever is the greater, in m
g : acceleration due to gravity, 9.81m/s’

ao : common acceleration parameter, as defined in 3.3.2.1
Tic : draught in the loading condition being considered, in m
D : moulded depth, as defined in Section 4/1.1.4.1
z : vertical coordinate, in m
Jprob : as defined in 3.3.4.2 or 3.3.4.3 as appropriate

3.3.4.2 For scantling requirements and strength assessment:

Sorob is to be taken as 1.0

3.3.4.3 For fatigue strength:
Jorob is to be taken as 0.5

3.35 Longitudinal Acceleration

3.3.5.1 The envelope longitudinal acceleration, aig, at any position, is to be taken as:

2
Lcsgr— .
alng = 0'7fprob\]a§urge + (%r(g sing + apitch—x)) (m/sz)

Where:

Asurge  :longitudinal acceleration due to surge, is to be taken as
=02ga, (m/s?)

Quircn-x - longitudinal acceleration due to pitch, is to be taken as
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= fv¢ (Zn/Upitch)szitch (m/sz)
: pitch angle, in rads, as defined in 3.2.3.2
: pitch period, in secs, as defined in 3.2.3.1

: pitch radius and is to be taken as the greater of

D Ty D
z—(— + —)or Z—(—),inm
4 2 2

: acceleration due to gravity, 9.81m/s’

: common acceleration parameter, as defined in 3.3.2.1

: draught in the loading condition being considered, in m
: moulded depth, in m, as defined in Section 4/1.1.4.1

: rule length, in m, as defined in Section 4/1.1.1.1

: vertical coordinate, in m

: as defined in 3.3.5.2 and 3.3.5.3 as appropriate

: as defined in 3.3.5.2 and 3.3.5.3 as appropriate

For scantling requirements and strength assessment:

f;;mb
S

is to be taken as 1.0
is to be taken as 1.0

For fatigue strength:

f[‘?rab
Jr

is to be taken as 0.5

is to be taken as 1.7

34 Dynamic Hull Girder Loads

34.1 Vertical Wave Bending Moment
3.4.1.1 The envelope hogging and sagging vertical wave bending moments, M, -sog and Myy-saq , are to be taken as:
va—hog = fprobo'lgfwv—vcvaCSR —TZBCb

) (knm)
va—sag = _fprobo'llfwv—vcvaCSR—T B(Cb + 0'7)
Where:
JSow-v : distribution factor for vertical wave bending moment along the vessel
length, see 3.4.1.2 or 3.4.1.3 as appropriate
Cw : wave coefficient to be taken as
3
300—Lcsp-1\2
= 10.75— (— for 150 < Lesg-r< 300
100
=10.75 for 300 < Lesr-r< 350
3
Lcsr—1—350)\2
= 10.75— (T for 350 < Lcsg-r< 500

Lesg-r :rule length, in m, as defined in Section 4/1.1.1.1
B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Chp : block coefficient, as defined in Section 4/1.1.9.1
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3.4.1.2 For scantling requirements and strength assessment:
JSow-v : distribution factor for vertical wave bending moment along the vessel
length, is to be taken as

0.0 atA.P.

1.0 for 0.4Lcsz-rto 0.65Lcsr-r from A.P.

0.0 atF.P.

intermediate values to be obtained by linear interpolation, see Fig. 7.3.1

Jorob is to be taken as 1.0

Lcsg-r @ rule length, in m, as defined in Section 4/1.1.1.1

Fig. 7.3.1 Vertical and Horizontal Wave Bending Moment Distribution for Scantling Requirements and Strength Assessment
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3.4.1.3 For fatigue strength:
Sfowr :distribution factor for vertical wave bending moment along the vessel length, is to be
taken as
0.0 atA.P.

0.1 atO0.1Lcsp-rfromA.P.

1.0 for 0.4Lcsr-rto 0.65Lcsr-r from A.P.

0.1 at 0.9Lcsg-7 from A.P.

0.0 atFP

intermediate values to be obtained by linear interpolation, see Fig. 7.3.2
Jprob is to be taken as 0.5

Lcse-r : rule length, in m, as defined in Section 4/1.1.1.1
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Fig. 7.3.2 Vertical and Horizontal Wave Bending Moment Distribution for Fatigue Strength
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3.4.2 Horizontal Wave Bending Moment

3.4.2.1 The envelope horizontal wave bending moment, M4, is to be taken as:

My, = foron (0'3+

Where:
ﬁ1v— h

Cyw
Lesg-r
Tic
Cy

Lcsr-1
— _1CwoLsp 72T -C kNm
2000 )fwv h“wv~CSR-T 'LC“b ( )

: distribution factor for wave horizontal bending moment along the vessel length,

see 3.4.2.2 or 3.4.2.3 as appropriate

: wave coefficient, as defined in 3.4.1.1
: rule length, in m, as defined in Section 4/1.1.1.1
: draught in the loading condition being considered, in m

: block coefficient, as defined in Section 4/1.1.9.1

3.42.2 For scantling requirements and strength assessment:

ﬁ1v— h

];m)b

Lesr-r

: distribution factor for wave horizontal bending moment along the vessel length,

is to be taken as

0.0 at A.P.
1.0 for 0.4Lcsr-7to 0.65Lcsg-r from A.P.
0.0 at F.P.

intermediate values to be obtained by linear interpolation, see Fig. 7.3.1

is to be taken as 1.0

: rule length, in m, as defined in Section 4/1.1.1.1

3.4.2.3 For fatigue strength:

ﬁvv- h

. ]?m)b

Lesr-r

: distribution factor for wave horizontal bending moment along the vessel length,
is to be taken as
0.0 atA.P
0.1 at 0.1Lcsg-r fromA.P.
1.0 for 0.4Lcsr-rto 0.65Lcsg-r from A.P.
0.1 at 0.9Lcsg-r fromA.P.
0.0 atFP
intermediate values to be obtained by linear interpolation, see Fig. 7.3.2
is to be taken as 0.5
: rule length, in m, as defined in Section 4/1.1.1.1
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343 Vertical Wave Shear Force

3.43.1 The envelope positive and negative vertical wave shear forces, Quwv-pos and Quy-neg, are to be taken as:
Qwv—pas = 0'3quv—poscvaCSR—TB(Cb +0.7)

(kN)
Qwv—neg = _0'3quv—negcvaCSR—TB (Cb + 0'7)
Where:
fow-pos = distribution factor for positive vertical wave shear force along the

vessel length and is to be taken as
0.0 at A.P.
Cp

159 ——  for 0.2Lcsg-rto 0.3L¢sg-r from A.P.
(Cp+0.7)

0.7 for 0.4Lcsr-7to 0.6Lcsg-r from A.P.
1.0 for 0.7Lcsr-rto 0.85L¢csg-r from A.P.
0.0 at F.P.

fawrneg : distribution factor for negative vertical wave shear force along the

vessel length and is to be taken as

0.0 at A.P.

0.92 for 0.2Lcsg-7to 0.3Lcsg-r from A.P.

0.7 for 0.4Lcsr-7to 0.6Lcsg-r from A.P.
Cp

1.73———  for 0.7L¢sr-rto 0.85Lcsg-r from A.P.
(Cp+0.7)

0.0 at F.P.

intermediate values of fyuv-pos and f,

qwv-neg

are to be obtained by linear

interpolation, see Fig. 7.3.3 and Fig. 7.3.4 respectively.

Cw : wave coefficient, as defined in 3.4.1.1

Lesg-r - :rule length, in m, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Chp : block coefficient, as defined in Section 4/1.1.9.1

Fig. 7.3.3 Positive Vertical Wave Shear Force Distribution
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Fig. 7.3.4 Negative Vertical Wave Shear Force Distribution
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35 Dynamic Local Loads

3.5.1 General

3.5.1.1 This section provides the envelope values for dynamic wave pressure, dynamic tank pressure, green sea load and dynamic
deck loads.

3.5.1.2 The envelope dynamic wave pressures are given in 3.5.2

3.5.1.3 The envelope green sea load given in 3.5.3 only applies to scantling requirements and strength assessment. The green sea
load for fatigue strength is to be taken as 0.

3.5.1.4 The envelope dynamic tank pressureis a combination of the inertial components due to vertical, transverse and longitudinal
acceleration. The envelope dynamic tank pressure components are given in 3.5.4.

3.5.1.5 The envelope dynamic deck loads are given in 3.5.5 and 3.5.6.

3.5.2 Dynamic Wave Pressure

3.5.2.1 The envelope dynamic wave pressure, Pex-ayn, i to be taken as the greater of the following:

135B 501 135B5ca1 2
P = prrobfnl—Pl [(Pn +4(T07C§)— 1-2(TLC _Z))f1 MTO;;)]CZ (kN/m?)

[ local 0. 25Blocal + 0'8Cw17( ) ]
—0+ frC 0.7 +
| fT b 14 TLC 1 i
P = 26f%)robfnl—P2| | (kN/m )
| + Blocal 0+ f C O'ZSBlocal (0 ) f |
| "8 T 14 )]
Where:
Biocal : local breadth at the waterline, for considered draught, not to be
taken less than 0.5B, in m
2 : roll angle, in rads, as defined in 3.2.2.2
Py = (3f;, +08)C,,
Cw : wave coefficient, as defined in 3.4.1.1

Lesg-r :rule length, in m, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1

Tic : draught in the loading condition being considered, in m
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5
Cp : block coefficient, as defined in Section 4/1.1.9.1

fi flng - %f 2+ f2
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4|yl

Biocal

4|yl
=fv (B - 1) for |yl > 0.25B,,cq
local

P = 0.25f‘,( - 1) for |yl < 0.25Bcq

1.33

s = Cb + =
f o
=Cp between 0.2Lcsr-rand 0.7L csg-7 from A.P.

133
=Cp+ C_ at, and forward of F.P.
b

at, and aft of A.P.

intermediate values to be obtained by linear interpolation

fing =1.0 at, and aft of A.P.
=0.7 for 0.2Lcsg-rto 0.7Lcsg-r from A.P.
=1.0 at, and forward of F.P.
intermediate values to be obtained by linear interpolation

y transverse coordinate, in m
vertical coordinate, in m

Ja-P1, fai-P2, foros, and fy are given in 3.5.2.2 for scantling requirements and strength assessment

application and in 3.5.2.3 for fatigue strength.

3.5.2.2 Forscantling requirements and strength assessment, the envelope maximum dynamic wave pressure, Pex-mar, see Fig. 7.3.5,

and minimum dynamic wave pressure, Pex.min, see Fig. 7.3.6, are to be taken as:

Pexmax = Pex-ayn (kN/m?) below still waterline
= Py —10(z — T10) (kN/m?) for Ty o <z < Tyc+ %
=0 (kN/m?) for z> Ty + Wi
10
Pexmin == Pex-dyn (kN/m?)below still waterline
=0 (kN/m?) above still waterline
Pex-min 18 n0t to be taken as less than —psg(Trc—z)
Where:
Pevaym  :envelope dynamic wave pressure, in kN/m’, as defined in 3.5.2.1 with
Jorob =1.0
Sort =0.9
Jarp2 =0.65
fr =1.0
Pwr : pressure at waterline, to be taken as Pey_gy» at still waterline, in kN/m?
Tic : draught in the loading condition being considered, in m
Psw : density of sea water, 1.025 tonnes/m’
z : vertical coordinate, in m
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Fig. 7.3.5 Transverse Distribution of Maximum Dynamic Wave Pressure for Scantling Requirements and Strength Assessment
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3.5.2.3 The dynamic wave pressure pseudo-amplitude (half range), Pex-amp, for fatigue strength, see Fig. 7.3.7, is to be taken as:
Pex-amp =0 (kN/mZ) for z> Trc+ hwr or D, whichever is the lesser
=0.5Pw  (kN/m®) at still waterline
= Pex-ayn (kN/m?) for z < Tic - hwi or 0, whichever is the greater

Intermediate values between the still waterline and z = T;c— hwz  to be obtained by linear interpolation

Where:

hwi : dynamic wave pressure head at the still waterline, is to be taken as
= Ry /10 (m)
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Pwr : pressure at waterline, and is to be taken as Pex-max at still waterline, in kN/m?
Pey-max @ envelope maximum dynamic wave pressure is to be taken as the greater
of P; and Py, in kN/m’

Tic : draught in the loading condition being considered, in m
D : moulded depth, in m, as defined in Section 4/1.1.4.1
P : as defined in 3.5.2. , in kN/m”’, with

Sorob =0.5

Jorpr = 1.0

{1.0 at, and aft of 0.7 Lggp_ 7
fv= 1.5 at, and forward of F.P.

intermediate values of fy to be obtained by linear interpolation

P2 - as defined in 3.5.2.1, in kN/m?, with
forob =0.5
Jar2 =1.0
fr =10

z : vertical coordinate, in m

Fig. 7.3.7 Transverse Distribution of Dynamic Wave Pressure Amplitude for Fatigue Strength
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353 Green Sea Load
3.5.3.1 The envelope green sea load on the weather deck, Py, is to be taken as the greater of the following:

Puar =f1- dk(fopP1—WL - 1Ode—T) (kN/mz)
Puac =0.8f5_ q(P _yr, — 102 g_1) (kN/m?)

Py =343 (kN/m?)

Where:
Lesr-T
=08+ ——
fi-ak 750
B4
=05+
fo-axk wk
Sop =1.0 atand forward of 0.2Lcsg-r from A.P.

=0.8 at and aft of A.P.

intermediate values to be obtained by linear interpolation
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Py : P pressure at still waterline for considered draught, in kN/m?, see 3.5.2.1
Powi : P> pressure at still waterline for considered draught, in kN/m?, see 3.5.2.1
Zdk-T : distance from the deck to the still waterline at the applicable draught for

the loading condition being considered, in m

Byak : local breadth at the weather deck, in m
Lcse-r : rule length, in m, as defined in Section 4/1.1.1.1
y : transverse coordinate of load point, in m
3.5.4 Dynamic Tank Pressure

3.5.4.1 The envelope dynamic tank pressure, Pi..v, due to vertical tank acceleration is to be taken as:

P = pa,(zo— 2) (kN/m?) ~ for strength assessment and scantling requirements
Py = pay,lzy— 2zl (kN/m?) ~ for fatigue strength

Where:

P : density of liquid in the tank, in fonnes/m>, and is not to be taken as less than

0.9 for cargo tanks for fatigue strength
1.025 otherwise, see Section 2/3.1.8

ay : envelope vertical acceleration, in m/s’, as defined in 3.3.3.1, and is to be
taken at tank centre of gravity

z : vertical coordinate of load point, in m

Zo : vertical coordinate of reference point, see 6.3.7 for scantling requirements

and strength assessment, and 3.5.4.5 for fatigue strength, in m

3.5.4.2 The envelope dynamic tank pressure, P, due to transverse acceleration is to be taken as:

Pt = fun—pa:o —¥) (kN/m?) for strength assessment and scantling requirements
Pt = payy — y|(kN/m?) for fatigue strength

Where:

p : density of liquid in the tank, in fonnes/m’, and is not to be taken as less than

0.9 for cargo tanks for fatigue strength
1.025 otherwise, see Section 2/3.1.8
furi - factor to account for ullage in cargo tanks, and is to be taken as
0.67  for cargo tanks, including cargo tanks designed for filling with water ballast
1.0 for ballast and other tanks
a; s envelope transverse acceleration, in m/s%, as defined in 3.3.4.1, and is to be
taken at tank centre of gravity
y : transverse coordinate of load point, in m
Yo : transverse coordinate of reference point, see 6.3.7 for scantling requirements

and strength assessment, and 3.5.4.5 for fatigue strength, in m

3.5.4.3 The envelope dynamic tank pressure, Pi:-ig, due to longitudinal acceleration is to be taken as:

Pin_ing = futi—ingP%ing(*o — X) (kN/m?)  for strength assessment and scantling requirements
Pin_ing = PAinglxo — x| (kN/m®)  for fatigue strength

Where:

P : density of tank liquid, in fonnes/m>, and is not to be taken as less than

0.9 for cargo tanks for fatigue strength
1.025 otherwise, see Section 2/3.1.8

futieimg : Tactor to account for ullage in cargo tanks, and is to be taken as
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0.62 for cargo tanks, including cargo tanks designed for filling with water ballast

1.0 for ballast and other tanks

- envelope longitudinal acceleration, in m/s’, as defined in 3.3.5.1, and is to be taken
at tank centre of gravity

: longitudinal coordinate of load point, in m

: longitudinal coordinate of reference point, see 6.3.7 for scantling requirements and

strength assessment, and 3.5.4.5 for fatigue strength, in m

3.5.4.4 For scantling requirements and strength assessment the simultaneous acting dynamic tank pressure, Pis-ayn, is to be taken

as the summation of the components for the considered dynamic load case, see 6.3.7.

3.5.4.5 For fatigue strength the dynamic tank pressure amplitude, Pinamp, on a tank boundary with adjacent tank empty, is to be

taken as:

Pin—amp = foPim—vt fun-of tPin-c + full—lngflngpin—lng (kN/mZ)

Where:
Pin—v

Pin-t

in-Ilng

Sull-t

full—lng

hrull

hp[/ch

ﬁ;l‘ab

by
l/g

X0

Yo

Z0

f
fi
fina

: envelope dynamic tank pressure due to vertical acceleration, in kN/m?,
as defined in 3.5.4.1

: envelope dynamic tank pressure due to transverse acceleration, in kN/m?,
as defined in 3.5.4.2

s envelope dynamic tank pressure due to longitudinal acceleration, in kN/m?,
as defined in 3.5.4.3

: factor to account for ullage in cargo tanks, not to be taken less than 0.0 nor

greater than 1.0
_|Zo—z|+hrou

for cargo tanks
2hyont

=1.0 for ballast tanks
: factor to account for ullage in cargo tanks, not to be taken less than 0.0 nor

greater than 1.0

|zo—2zl +hpitch
= for cargo tanks

2hpitch
-10 for ballast tanks
:roll height = befZJ

: pitch height =

is to be taken as 0.5

:roll angle, in rads, as defined in 3.2.2.2

: pitch angle, in rads, as defined in 3.2.3.2

: tank breadth at the top of the tank, see Fig. 7.3.8, in m

: tank length at the top of the tank, in m

: longitudinal coordinate of reference point, and is to be taken as the middle
of tank length at the top of the tank, in m

: transverse coordinate of reference point, and is to be taken as the middle of
tank breadth at the top of the tank, see Fig. 7.3.8, in m

: vertical coordinate of reference point, and is to be taken as the highest point
of the tank, excluding small hatchways, see Fig. 7.3.8, in m

: pressure combination factor, as given in Table 7.3.2

: pressure combination factor, as given in Table 7.3.2

: pressure combination factor, as given in Table 7.3.2
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3.5.4.6 For fatigue strength the dynamic tank pressure amplitude, Pj-amp, on a longitudinal tank boundary with adjacent tank full,
is to be taken as:

P amp = fol Pin—v—tir = Pin—v—ticel + fel futi—t—tierPin—e—tie1 + funi—e-ek2Pin—t—ticz)

(kN/m?)
+flng|full—lng—tklPin—lng—tkl - full—lng—tkzpin—lng— tk2|
Where:
Pin-v-tk1 : dynamic tank pressure due to vertical acceleration in tank 1, in kN/m?
Pinv-ik2 : dynamic tank pressure due to vertical acceleration in tank 2, in kN/m’
Pinrax : dynamic tank pressure due to transverse acceleration in tank 1, in AN/’
Pin-rika : dynamic tank pressure due to transverse acceleration in tank 2, in kN/mn’

P tg-ta :dynamic tank pressure due to longitudinal acceleration in tank 1, in KN/m?®
B ing-te - dynamic tank pressure due to longitudinal acceleration in tank 2, in kN/m?
Sull--tk1 : factor to account for ullage for tank 1, as defined in 3.5.4.5
Soudl-t-tk2 : factor to account for ullage for tank 2, as defined in 3.5.4.5
fut—ing-ta : factor to account for ullage for tank 1, as defined in 3.5.4.5

f, ull-ing—tkz - factor to account for ullage for tank 2, as defined in 3.5.4.5

I : pressure combination factor, as given in Table 7.3.2
fi : pressure combination factor, as given in Table 7.3.2
firg : pressure combination factor, as given in Table 7.3.2

Tank 1 and 2 are adjacent tanks with common longitudinal boundary

Table 7.3.2  Pressure Combination Factors for Fatigue Assessment

Cargo tanks Ballast tanks
b 0.9 0.9
fi 0.9 0.6
fing 04 0.4

Fig. 7.3.8 Dynamic Tank Pressure Load and Reference Points for Fatigue Strength
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3.5.4.7 For fatigue strength by hot spot stress (FE) approach, the dynamic tank pressure amplitudes due to vertical, transverse and

longitudinal accelerations, illustrated in Fig. 7.3.9 are to be taken as:

Pin_yp = pa,(zy— 2) in kN/m?
Po—t = fun-wa:(yo — ) in kN/m’
Pin_ing = futl-ingP g (Xo — %) in kN/m?
Where:
p : density of liquid in the tank, in fonnes/m>, and is not to be taken as less than

0.9 for cargo tanks
1.025 otherwise, see Section 2/3.1.8
Soui-t : factor to account for ullage in cargo tanks, as defined in 3.5.4.5

f, uli-img - Tactor to account for ullage in cargo tanks, as defined in 3.5.4.5

X : longitudinal coordinate of load point, in m

y : transverse coordinate of load point, in m

z : vertical coordinate of load point, in m

Xo : longitudinal coordinate of reference point, and is to be taken as the middle of

the tank length at the top of the tank, in m

0 : transverse coordinate of reference point, and is to be taken as the middle of
the tank breadth at the top of the tank, in m

Zo : vertical coordinate of reference point, and is to be taken as the highest point

in the tank, in m

ay - envelope vertical acceleration, in m/s’, as defined in 3.3.3.1, at tank centre of
gravity

a s envelope transverse acceleration, in m/s°, as defined in 3.3.4.1, at tank centre
of gravity

Apng : envelope longitudinal acceleration, in m/s’, as defined in 3.3.5.1, at tank

centre of gravity

Fig. 7.3.9 (a) Dynamic Tank Pressure due to Vertical Acceleration for Fatigue Strength

| T

162



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 7 (February 2015) CIaSSNI(

Fig. 7.3.9 (b) Dynamic Tank Pressure due to Transverse Acceleration for Fatigue Strength
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Fig. 7.3.9 (¢) Dynamic Tank Pressure due to Longitudinal Acceleration for Fatigue Strength Illustrated for a Cargo Tank
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3.5.5 Dynamic Deck Pressure from Distributed Loading

3.5.5.1 The envelope dynamic deck pressure, Peck-ayn, 0 decks, inner bottom and hatch covers is to be taken as:

a,
Pdeck—dyn = Pdeck; (kN/mz)

Where:
ay : envelope vertical acceleration, in m/s’, as defined in 3.3.3.1
Pieci :uniformly distributed pressure on lower decks and decks within superstructure, in
kN/m?, as defined in 2.2.4.1
g : acceleration due to gravity, 9.81 m/s?
3.5.6 Dynamic Loads from Heavy Units

3.5.6.1 The envelope dynamic deck loads, F,, F, Fug acting vertically, transversely and longitudinally on supporting structures

and securing systems for heavy units of cargo, equipment or structural components are to be taken as:

E, =myua, (kN)
Fe = myna, (kN)
Fing = Mynapng  (kN)
Where:
Mun : mass of unit, in fonnes
ay s envelope vertical acceleration, in m/s’, as defined in 3.3.3.1, at centre of

gravity of considered unit

a s envelope transverse acceleration, in m/s°, as defined in 3.3.4.1, at centre of
gravity of considered unit

a,,, :envelope longitudinal acceleration, in m/s’, as defined in 3.3.5.1, at centre of

gravity of considered unit
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4. Sloshing and Impact Loads

4.1 General

4.1.1 Load Components

4.1.1.1 Sloshing pressures in tanks, and bow impact and bottom slamming pressures are given in this sub-section.
4.2 Sloshing Pressure in Tanks

4.2.1 Application and Limitations

4.2.1.1 The sloshing pressures given in 4.2.2 to 4.2.4 are pressures induced by free movement of the tank liquids as a result of ship
motions.

4.2.1.2 The given pressures do not include the effect of impact pressures due to high velocity impacts with tank boundaries or
internal structures. For tanks with a maximum effective sloshing breadth, bgn, greater than 0.568 or a maximum effective sloshing
length, I, greater than 0.13Lcsg-rat any filling height from 0.05/max to 0.95/max, an additional impact assessment is to be carried out
in accordance with the individual Classification Society procedures. The effective sloshing lengths and breadths, /i and bgn, are
calculated using the equations in 4.2.2.1 and 4.2.3.1 respectively.

4.2.2 Sloshing Pressure due to Longitudinal Liquid Motion

4.2.2.1 The sloshing pressure in way of transverse tight and wash bulkheads due to longitudinal liquid motion, Psp-img, for a

particular filling height, is to be taken as:

1.71 L _
Pgn_ing = P9lsinfsn [0-4 - (0-39 - —Slh) w] (kN/m?)

Lesp-1/ 350
Where:
P : density of liquid in the tank, in tonnes/m’, and is not to be taken as less than 1.025
Lsin : effective sloshing length, at considered filling height as given in 4.2.2.3 and 4.2.2.4
for transverse tight bulkheads and transverse wash bulkheads respectively, in m
Ssin = 1—2(0.7—m)2
hmax
Lesg-r @ rule length, in m, as defined in Section 4/1.1.1.1
hsn : filling height, measured from inner bottom, in m, see Fig. 7.4.1
Pimax : maximum tank height excluding small hatchways, measured from inner bottom, in m,
see Fig. 7.4.1
g - acceleration due to gravity, 9.81 m/s’

4.2.2.2 The sloshing pressure due to longitudinal liquid motion, Pgp-ig, is to be taken as a constant value over the full tank depth
and is to be taken as the greater of the sloshing pressures calculated for filling heights from 0.05/4x to 0.95A4x, In 0.05/4 increments.
4.2.2.3 For calculation of sloshing pressures in way of transverse tight bulkheads, the effective sloshing length, /s, is to be taken

as:

(1+nwash—tawash—t)(1+fwf awf) ltk—n

ban = (1+nwash—t)(1+fwf) "
Where:
Pash-t :number of transverse wash bulkheads in the tank
Clyash-t : transverse wash bulkhead coefficient,
_ A opn—wash—t
" Agetn
see Fig. 7.4.1
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Qs : transverse web frame coefficient,

_ Aopn—wf—h
 Agkeon
see Fig. 7.4.2
for tanks with changing shape along the length and/or with web frames of
different shape the transverse web frame coefficient, o, may be taken as
the weighted average of all web frame locations in the tank given as

A

n opn—wf—h—i
e——
U Atk t-n-i

Mwr

Aopn-wash-t : total area of openings in the transverse section in way of the wash
bulkhead below the considered filling height, in m?

Abe-t-h : total transverse cross sectional area of the tank below the considered
filling height, in m?

Aopn-wrn : the total area of openings in the transverse section in way of the web
frame below the considered filling height, in m’

for : factor to account for number of transverse web frames and transverse
wash bulkheads in the tank

=ty /(1 + Rwasi-)
s :number of transverse web frames, excluding wash bulkheads, in the tank

lik-h : length of cargo tank, at considered filling height, in m

Fig. 7.4.1 Transverse Wash Bulkhead Coefficient
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Fig. 7.4.2 Transverse Web Frame Coefficient
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4.2.2.4 For calculation of sloshing pressures in way of transverse wash bulkheads, the effective sloshing length, /s, is to be taken

as:

[1+(yash—t=D&wash—t)(1+ fiwr @w ) Lek—n

fan = (1+nwash—t)(1+fwf) o)
Where:
Mhvash-t : number of transverse wash bulkheads in the tank
Olvash-t : transverse wash bulkhead coefficient,
_ Aopn—wash—t
© Agern
see Fig. 7.4.1
Oy : transverse web frame coefficient,
_ Aopn—wf—h
" Apeetn
see Fig. 7.4.2
for tanks with changing shape along the length and/or with web frames of
different shape the transverse web frame coefficient, o,z may be taken as
the weighted average of all web frame locations in the tank given as
n Aopn—wr_‘—h—i
=L A ini
= T
Aopn-wash-t : the total area of openings in the transverse section in way of the wash
bulkhead below the considered filling height, in m?
Atk-t-n : total transverse cross sectional area of the tank below the considered
filling height, in m’
Aopn-wth : the total area of openings in the transverse section in way of the web
frame below the considered filling height, in m’
Sor : factor to account for number of transverse web frames and transverse
wash bulkheads in the tank
=ty /(1 + Rywasi-)
s :number of transverse web frames, excluding wash bulkheads, in the tank
Lik-n : length of cargo tank, at considered filling height, in m
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4.2.2.5 For tanks with internal web frames the sloshing pressure acting on a web frame adjacent to a transverse tight or wash

bulkhead, Pg-wy, provided it is located within 0.25 Iy from the bulkhead, is to be taken as:

s 2
_wf 2
Pan—wr = Psin-ing ) (kN/m”)
slh
Where:
Pin-mg :sloshing pressure acting on bulkhead due to longitudinal liquid motion, as
given in 4.2.2.1
Swf : distance from bulkhead to web frame under consideration, in m
Lsin : effective sloshing length, at considered filling height as defined in 4.2.2.3

and 4.2.2.4 for transverse tight and wash bulkheads respectively, in m
The distribution of pressure across the web frame is given in Fig. 7.4.3.
4.2.2.6 For tanks with internal bulkhead stringers and/or web frames, the distribution of sloshing pressure, Py , across these

members is shown in Fig. 7.4.3.

Fig. 743 Sloshing Pressure Distribution on Stringers and Web Frames

0'25lsllx
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PsIh:Pslh-wf
P sll’l=0'5p~°”"'wf
Ps”,=0~5pslh—lng
Transverse Py=P oy,
Bulkhead o
W (As for stringer 1)
W (As for stringer 1)
) Inner Bottom <
| )
( (
) Bottom )

4.2.3 Sloshing Pressure due to Transverse Liquid Motion
4.2.3.1 The sloshing pressure in way of longitudinal tight and wash bulkheads due to transverse liquid motion, P, for a particular

filling height, is to be taken as:
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bsin
sth—t = 7P9fn (? - 0.3)GM°-75 (kN/m?)

: density of liquid in the tank, in fonnes/m>, and is not to be taken as less than 1.025
: effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for longitudinal tight bulkheads

and longitudinal wash bulkheads respectively, not to be taken less than 0.3B, in m.

: metacentric height, is to be taken as 0.33B for calculation of sloshing pressures in

ballast tanks and 0.24B for calculation of sloshing pressure in cargo tanks

Reip \
= 1—2(0.7— f‘”)
hmax

: moulded breadth, in m, as defined in Section 4/1.1.3.1
: filling height, measured from inner bottom, in m, see Fig. 7.4.1

: maximum tank height excluding small hatchways, measured from inner bottom, in

m, see Fig. 7.4.1

- acceleration due to gravity, 9.81m/s’

4.2.3.2 The sloshing pressure due to transverse liquid motion, P-4 1S to be taken as a constant value over the full tank depth and

is to be taken as the greater of the sloshing pressures calculated for filling heights from 0.05/max t0 0.95Am4x, in 0.05/,qx increments.

4.2.3.3 For calculation of sloshing pressures in way of longitudinal tight bulkheads the effective sloshing breadth, b, is to be

taken as:

(1+nwash—lngawash—lng)(1 +fgra agrd) bik—n
ban = (1+Twashing)(1+fgra) )
wash-Ilng grd
Where:
Ny ash-ing : number of longitudinal wash bulkheads in the tank
X ash-ing : longitudinal wash bulkhead coefficient
_ Aopn-wash—Ing
" Atk—ing-n
QAgra : girder coefficient
_ Aopn—gra—n
" Atkeing—n
A pn-wash-ing : total area of openings in the longitudinal section in way of the wash
bulkhead below the considered filling height, in m’
Apecing-n : total longitudinal cross sectional area of the tank below the considered
filling height, in m?
Agpn-gra—n  : total area of openings in the longitudinal section below the considered
filling height, in m’
fora : factor to account for longitudinal girders and longitudinal wash bulkheads
in the tank
g 1+ Ny _ing)
Mg : number of longitudinal girders, excluding longitudinal wash bulkheads, in the tank
b : tank breadth at considered filling height, in m

4.2.3.4 For calculation of sloshing pressures in way of longitudinal wash bulkheads the effective sloshing breadth, b, is to be

taken as:

[1+ (nwash—lng_ 1)awash—lng] (1 *+fgrd agrd) btk—n (m)

sth =

(1 +nwash—lng)(1 +fgrd)

Where:
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M yash—ing : number of longitudinal wash bulkheads in the tank

X ash-ing : longitudinal wash bulkhead coefficient
A

_ “‘opn—wash—-ing

Atk— ing—h

grd : girder coefficient
_ Aspn-gra-n
A Ing—h

Aupn_wm_mg : total area of openings in the longitudinal section in way of the wash
bulkhead below the considered filling height, in m’

Atk_,ng_,, : total longitudinal cross sectional area of the tank below the considered

filling height, in m’
opn—grd—n - total area of openings in the longitudinal section below the considered

filling height, in m’

fora : factor to account for longitudinal girders and longitudinal wash
bulkheads in the tank
Ngpg (1 + Myagn_ing)
Nyra :number of longitudinal girders, excluding longitudinal wash
bulkheads, in the tank
bik-n : tank breadth at considered filling height, in m

4.2.3.5 For tanks with internal longitudinal girders or webframes, the sloshing pressure on the girder/webframe adjacent to a

longitudinal wash bulkhead, Pgi-gra, provided it is located within 0.25b,, from the bulkhead, is to be taken as:

2
s
grd
Pan—gra= Pslh—t(l - lh) (kN/m?)
S

Where:
Pan:  : sloshing pressure acting on bulkhead due to transverse liquid motion, in kN/m?,
see 4.2.3.1
Sgra  :distance from longitudinal bulkhead to longitudinal girder being
considered, in m
bsin : effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for longitudinal tight
bulkheads and longitudinal wash bulkheads respectively, in m

4.2.3.6 For tanks with internal longitudinal stringers and or girders/webframes, the distribution of sloshing pressure across these

members is shown in Fig. 7.4.4.
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Fig. 7.4.4 Pressure Distribution on Stringers and Longitudinal Girders
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4.2.4 Minimum Sloshing Pressure

4.2.4.1 The minimum sloshing pressure, Pg-min, in cargo and ballast tanks except tanks of cellular construction is to be taken as
20kN/m?.

4242 The minimum sloshing pressure, Py min, in cellular construction ballast tanks is to be taken as 12kN/m’.

4.3 Bottom Slamming Loads

4.3.1 Application and Limitations
4.3.1.1 The slamming loads in this section apply to ships with C > 0.7 and bottom slamming draught > 0.01Lcsz-r and < 0.045Lcsr-

4.3.2 Slamming Pressure
4.3.2.1 The bottom slamming pressure, Py, is to be taken as the greater of:

Pam—mt = fsim1309Cm—mee kN/m?  for empty ballast tanks

Pom—run = fslm13ogcslm—fullecl — CavPI9Zpan kN/m?  for full ballast tanks

Where:
g : acceleration due to gravity, 9.81 m/s*
Sfsim : longitudinal slamming distribution factor, see Fig. 7.4.5, is to be taken as

0 at 0.5Lcsr-r

lat  [0.175—0.5(Cy;— 0.7)]Lcsg-r from F.P.
lat  [0.1-0.5(C,, — 0.7)|Lcsr-r from F.P.

0.5 at, and forward of F.P.
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intermediate values to be obtained by linear interpolation.

Chn : block coefficient, Cp, as defined in Section 4/1.1.9.1, but not to be taken less than
0.7 or greater than 0.8

Csim-mt : slamming coefficient for empty ballast tanks
Trp—me )"
=5.95-10.5 (—m)
CSR-T
Csim-fill : slamming coefficient for full ballast tanks
Tep—puir)
—Ju
=5.95-10.5 (—)
LCS R-T
ci is to be taken as

for Lesr-7< 180m
= —0.0125(Lggp_r — 180)°7°° for Lesg.r> 180m
TFp-mt : design slamming ballast draught at F.P. with ballast tanks within the bottom slamming region empty
as defined in 4.3.2.3, in m

Trp.fin : design slamming ballast draught at F.P. with ballast tanks within the bottom slamming region full
as defined in 4.3.2.4, in m

Cav : dynamic load coefficient, to be taken as 1.25
Lesg-r : rule length, in m, as defined in Section 4/1.1.1.1
Zball : vertical distance from tank top to load point, in m

4.3.2.2 The designer is to provide the design slamming draughts 7rp.n and Trpf.

4.3.2.3 The design slamming draught at the F.P., Trp.us, is not to be greater than the minimum draught at the F.P. indicated in the
loading manual for all seagoing conditions wherein the ballast tanks within the bottom slamming region are empty. This includes any
loading conditions with tanks inside the bottom slamming region that use the “sequential” ballast water exchange method.

4.3.2.4 The design slamming draught at the F.P., Trp.su, is not to be greater than the minimum draught at the F.P. indicated in the
loading manual for any seagoing conditions wherein the ballast tanks within the bottom slamming region are full. This includes any
loading condition with tanks inside the bottom slamming region that use the “flow-through” ballast water exchange method.

4.3.2.5 The loading guidance information is to clearly indicate the design slamming draughts and the ballast water exchange

method used for each ballast tank, see Section 8/1.1.

Fig. 7.4.5 Longitudinal Distribution of Slamming Pressure
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4.4 Bow Impact Loads

4.4.1 Application and Limitations

4.4.1.1 The bow impact pressure applies to the side structure in the area forward of 0.1Lcsr-r aft of F.P. and between the waterline
at draught T and the highest deck at side.

4.4.2 Bow Impact Pressure

4.4.2.1 The bow impact pressure, Pin, is to be taken as:

P = 1.025fcimVizasiny,, (kN/m?)

Where:
fim 0.55 at 0.1Lcsr-raft of F.P.
0.9 at 0.0125Lcsr-r aft of F.P.
1.0 at and forward of F.P.
intermediate values to be obtained by linear interpolation
Vim : impact speed, in m/s
= 0.514Vp,qsinay,; + /Lesp—t
Viva : forward speed, in knots
= 0.75V but is not to be taken as less than 10
14 : service speed, in knots, as defined in Section 4/1.1.8.1
Ayt : local waterline angle at the position considered, but is not to be taken
as less than 35 degrees, see Fig. 7.4.6.
Yol : local bow impact angle measured normal to the shell from the horizontal to the
tangent line at the position considered but is not to be less than
50 degrees, see Fig. 7.4.6.
Cim 1.0 for positions between draughts 7pq and T
= \/ 1+ cos? [90(hﬂ’h—;:h°)] for positions above draught Ty
hp : vertical distance from the waterline at draught T to the highest deck
at side, see Fig. 7.4.6, in m
ho : vertical distance from the waterline at draught 7., to the position
considered, see Fig. 7.4.6, in m
Lcse-r : rule length, in m, as defined in Section 4/1.1.1.1
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5
Thar : minimum design ballast draught, in m, for the normal ballast condition
as defined in Section 4/1.1.5.2
WL; : waterline at the position considered, see Fig. 7.4.6

Guidance Note
Where local bow impact angle measured normal to the shell,y,,;, is not available, this angle may be taken as:
tanf,,
Yo — tan~! <_p>
cosa,,;
Where

ﬁpl local body plan angle at the position considered from the horizontal to the tangent line, but is
not to be less than 35 degrees
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Fig. 7.4.6 Definition of Bow Geometry
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5. Accidental Loads

5.1 Flooded Condition

5.1.1 Local Pressure

5.1.1.1 The pressure in compartments and tanks in flooded condition or damaged condition is to be taken as Piu-fiood, S€€ 2.2.3.4.
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6. Combination of Loads

6.1 General

6.1.1 Application

6.1.1.1 The design load combinations S, S + D, and 4 are to be used for scantling calculations for the scantling requirements and
strength assessment (by FEM). design load combinations are defined in Section 2/4.2.2 and the relevant loads and load combination
are to be taken as given in 6.2.

6.1.1.2 The dynamic loads, D, consist of several dynamic load cases. For each dynamic load case, the envelope load values as
given in Sub-Section 3 are multiplied with dynamic load combination factors to give simultaneously acting dynamic loads. The
procedures for calculating the simultaneously acting dynamic loads are given in 6.3. The dynamic load combination factors are given

in 6.4 for strength assessment (by FEM) and in 6.5 for scantling requirements.
6.2 Design Load Combination

6.2.1 General
6.2.1.1 The design load combinations are given in Table 7.6.1.

Table 7.6.1  Design Load Combinations
Design Load Combination
S S+D A
Load components
M, v-total Msw—harb A/[sw-.yea + My -
Mh—total - Mh -
Q Qs‘w—harb st—seu + Qwv -
p Weather Deck - Pyik-dyn -
“ Hull envelope Phys Prys +Pyv-dyn -
. ) the greater of
Ballast tanks (BWE with sequential
. a) Pintest Pm-thrPin-dyn P[n-ﬂood
filling method)
b) Pin—air + Pdrop
) the greater of
Ballast tanks (BWE with flow-
a) Pin—rest f)in—air+ Pdmp + Pin—dyn Pin—/l(md
through method)
b) Pin_air + Pdrop
Py, Cargo tanks including cargo tanks the greater of
designed for filling with water a) Pin-test Pin-ttPrawve-25+Pin-ayn -
ballast b) Pin-tk + Pvalve
the greater of
Other tanks with liquid filling a) Pin-test Pin-tktPin-ayn Pin-flood
b) P, in-air
Watertight boundaries - - Pin-fiood
s Internal decks for dry spaces Pt Py + Pu-dyn -
dk
Decks for heavy units Flar Fyar + Far-dyn -
Note:
1. Separate load requirements may be specified in strength assessment (FEM) and scantling requirements.
Where:
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My -totar : design vertical bending moment, in kNm

M-perm-harb : permissible hull girder hogging and sagging still water bending moment e 211
envelopes for harbour/sheltered water operation, in kNm

My-perm-sea : permissible hull girder hogging and sagging still water bending moment see 211
envelopes for seagoing operation, in ANm

My : vertical wave bending moment for a considered dynamic load case, in kNm see 6.3.2.1

Mi-tota : design horizontal bending moment, in ANm

M, : horizontal wave bending moment for a considered dynamic load case, in k\Nm see 6.3.3.1

0 : design vertical shear force, in kAN

Osw-perm-harb : permissible hull girder positive and negative still water shear force limits for s 213
harbour/sheltered water operation, in AN

Osw-perm-sea : permissible hull girder positive and negative still water shear force limits for cee 213
seagoing operation, in kN

Ow : vertical wave shear force for a considered dynamic load case, in AN see 6.3.4.1

Pex : design sea pressure, in kN/m?

Prys : static sea pressure at considered draught, in kN/m’ see 2.2.2.1

Pun-ayn : dynamic wave pressure for a considered dynamic load case, in kN/m? see 6.3.5

Prdk-dyn : green sea load for a considered dynamic load case, in kN/m’ see 6.3.6

Py, : design tank pressure, in kN/m?

Pintest : tank testing pressure, in kN/m’ see 2.2.3.5

Pipair : static tank pressure in the case of overfilling or filling during flow through see 2.2.3.2
ballast water exchange, in kN/m?

Parop : added overpressure due to liquid flow through air pipe or overflow pipe, in kN/m’ see 2.2.3.3

Prawe : setting of pressure relief valve, in kN/m’ see 2.2.3.5

Pin-sk : static tank pressure, in kN/m? see 2.2.3.1

Pin-ayn : dynamic tank pressure for a considered dynamic load case, in kN/m? see 6.3.7

Pin-fiood : pressure in compartments and tanks in flooded or damaged condition, in kN/m? see 2.2.3.4

Pstar : static pressure on decks and inner bottom, in kN/m? see 2.2.4.1

Pu : design deck pressure, in kN/m?

Pag-ayn : dynamic deck pressure on decks, inner bottom and hatch covers for a considered
dynamic load case, in kN/m? see 6.3.8.1

Fiar : load acting on supporting structures and securing systems for heavy units of s 2.2.5.1
cargo, equipment or structural components, in AN

Fak-ayn : dynamic load acting on supporting structures and securing systems for heavy e 6.3.8.2

units of cargo, equipment or structural components, in AN

6.3 Application of Dynamic Loads

6.3.1 Heading Correction Factor and Dynamic Load Combination Factors
6.3.1.1 The heading correction factor, f3, is to be taken as:
¥/ =0.8 for beam sea dynamic load cases

=1.0 for all other dynamic load cases

6.3.1.2 The dynamic load combination factors used for the calculations ofthe simultaneously acting dynamic loads, are to be taken
as given in Table 7.6.2 for strength assessment by FEM, see 6.4. Dynamic load factors are to be taken as given in Table 7.6.4 to Table
7.6.9 for scantling assessment, see 6.5.

6.3.2 Vertical Wave Bending Moment for a Considered Dynamic Load Case

177



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 7 (February 2015) CIaSSNI(

6.3.2.1 The simultaneously acting vertical wave bending moment, M,, is to be taken as:

M, = fovawv—hog (kNm) for fuy 2 0
My, = —fpfmvMwo—sag (kNm) for fuy <0
Where:

M,,, 1., hogging vertical wave bending moment, in kNm, as defined in 3.4.1.1

M,,, .., sagging vertical wave bending moment, in kNm, as defined in 3.4.1.1
S dynamic load combination factor for vertical wave bending moment for
considered dynamic load case, see 6.3.1.2

/5 aeading correction factor, as defined in 6.3.1.1

6.3.3 Horizontal Wave Bending Moment for a Considered Dynamic Load Case
6.3.3.1 The simultaneously acting horizontal wave bending moment, Mj, is to be taken as:

My, = fﬁfmthv—h (kNm)

Where:
My : horizontal wave bending moment, in kNm, as defined in 3.4.2
Sfouh : dynamic load combination factor for horizontal wave bending
moment for considered dynamic load case, see 6.3.1.2
§/ : heading correction factor, as defined in 6.3.1.1
6.3.4 Vertical Wave Shear Force for a Considered Dynamic Load Case
6.3.4.1 The simultaneously acting vertical wave shear force, Qw, is to be taken as:
Quv = fpfquQuv-pos (kN) for for > 0
Quv = ~fpfqwQuwv-neg (kN) for f5< 0
Where:
Qwv-pos : envelope positive vertical wave shear force, in kN, as defined in 3.4.3
Quv—neq : envelope negative vertical wave shear force, in kN, as defined in 3.4.3
Sav : dynamic load combination factor for vertical wave shear force for considered dynamic
load case, see 6.3.1.2
1 : heading correction factor, as defined in 6.3.1.1
6.3.5 Dynamic Wave Pressure Distribution for a Considered Dynamic Load Case

6.3.5.1 The simultaneously acting dynamic wave pressure, Pyy-ays, for the port and starboard side within the cargo tank region for

a considered dynamic load case is to be taken as follows, but not to be less than —ps.g(T7c — z) below still waterline or less than 0 above

still waterline:
|yl

Pwv_dyn =P+ m (Pbilge - Pctr) between centreline and start of bilge

z
Puy—ayn = Ppirge + Tc (Pws = Pbilge) between end of bilge and still waterline
Pyv—ayn = Bwr — 10(z— Tyc) for side-shell above still waterline

intermediate values of P-4, around the bilge are to be obtained by linear interpolation along the

vertical distance

Where:
Py : dynamic wave pressure at bottom centreline, to be taken as:
= feerPex—max (kN/m?)
Bige : dynamic wave pressure at z = 0 and y = Bj,ca/2, to be taken as
= fbilgePex—max (kN/mz)
Pwi : dynamic wave pressure at waterline, to be taken as

= fwiPex—max (kN/mz)
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: envelope maximum dynamic wave pressure, in kN/m?, as defined in 3.5.2.2
: dynamic load combination factor for dynamic wave pressure at still waterline for
considered dynamic load case, see 6.3.1.2
: dynamic load combination factor for dynamic wave pressure at
bilge for considered dynamic load case, see 6.3.1.2
: dynamic load combination factor for dynamic wave pressure at
centreline for considered dynamic load case, see 6.3.1.2
: local breadth at waterline for considered draught , in m
: draught in the loading condition being considered, in m
: transverse coordinate, in m
: vertical coordinate, in m
: density of sea water, 1.025tonnes/m’

: acceleration due to gravity, 9.81m/s’

6.3.5.2 The simultaneously acting dynamic wave pressure for the port and starboard side outside the cargo region, Puwy-dyn, for a

considered dynamic load case is to be obtained by linear interpolation between Pciand Pwr, but not to be taken less than —pswg(7TLc —

z) below still waterline or less than 0 above still waterline.

z
Pwo—ayn = Feer + E (Bwr = Peer) between bottom centreline and still waterline
Pyv—ayn = Bwr — 10(z —Tye) above still waterline
Where:
Py dynamic wave pressure at bottom centreline, and is to be taken as:
fCtTPEX— max kN/mz
Pwr dynamic wave pressure at still waterline, and is to be taken as:
fwi1Pex—max keN/m?
Pex-max  envelope maximum dynamic wave pressure, in kN/m?, as defined in 3.5.2.2
JwL dynamic load combination factor for dynamic wave pressure at still waterline for
considered dynamic load case, see 6.3.1.2
Jfewr dynamic load combination factor for dynamic wave pressure at centreline for considered
dynamic load case, see 6.3.1.2
TLc draught in the loading condition being considered, in m
z vertical coordinate, in m
Pow density of sea water, 1.025tonnes/m*
g acceleration due to gravity, 9.81m/s”

6.3.5.3 Fig. 7.6.1 to Fig. 7.6.3 illustrates simultaneously acting dynamic wave pressures.

179



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 7 (February 2015) CIaSSNI(

Fig. 7.6.1 Dynamic Wave Pressure for Head Sea Dynamic Load Cases
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WL (starboard side)

Fig. 7.6.2 Dynamic Wave Pressure for Beam and Oblique Sea Dynamic Load Cases
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Fig. 7.6.3
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Green Sea Load for a Considered Dynamic Load Case
The simultaneously acting green sea load on the weather deck, Pudk-ayn, for strength assessment is obtained by linear

6.3.6
6.3.6.1
interpolation between Pyak-pe and Puk-siv:
The green sea load at the port side, Pyak-pr, 1S to be taken as the greater of
Pyak-pt= fr-a(fwifopPr-wr — 102g5_1) (kN/m?)
Pyak-pt= 0-8(fyrPo—wy— 10z45_1) (kN/m?)
dk—pt 18 not to be taken as less than 34.3 kN/m? when fir, = 1.0 and the ship's draught used

PW
in the design load case is greater or equal to 0.9 7.
The green sea load at the starboard side, Puak-s, 1S to be taken as the greater of
(kN/m?)

Pyai—stb= f1-ax(fwifopPr-wi— 102gy_7)
Pyak-sto= 08(fwrPo—wi— 102gy_7) (kN/m?)
P,ak_scp 1S Ot to be taken as less than 34.3 kN/m? when fiy, = 1.0 and the ship's draught used

in the design load case is greater or equal to 0.9 7.
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Pyak-pr and Pyai-sn are not to be taken as less than 0.

Where:
Lesr-T
Si-dr =08+ 750
Sop =1.0 at and forward of 0.2Lcsg.7 from A.P.
=0.8 at and aft of A.P.
intermediate values to be obtained by linear interpolation
P : Py pressure at still waterline for considered draught, in kN/m?, see 3.5.2.1
Py : P pressure at still waterline for considered draught, in kN/m?, see 3.5.2.1
fwr : dynamic load combination factor for dynamic wave pressure at still waterline
for considered dynamic load case, see 6.3.1.2
Zdk-T : distance from the deck to the still waterline at the applicable draught for the
loading condition being considered, in m
Lese-r : rule length, in m, as defined in Section 4/1.1.1.1

6.3.6.2 The simultaneously acting green sea load on the weather deck, Pyak-ayn, for scantling requirements is to be taken as the

greater of:
Pyak-ayn= fr-ar(fwifopPr-wi — 10Zgy_1) (kN/m?)
but is not to be taken as less than 34.3kN/m? when firz= 1.0 and the ship's draught used in the design load
case is greater or equal to 0.97
Pyar-ayn= 08f2—a(fwiPo—wr—1024y_7) (kN/m?)
but is not to be taken as less than 34.3kN/n’ when firz = 1.0 and
Jfr-ak =1.0 and the ship's draught used in the design load case is greater or equal to 0.9 T’
Puak-ayn =0
Where:
Lesp-T
Si-ak =0.8+ 750
k4
foodk =05+ m
Jop =1.0 at and forward of 0.2Lcsg-r from A.P.
=0.8 at and aft of A.P.
intermediate values to be obtained by linear interpolation
Prw : Py pressure at still waterline for considered draught, in AN/m?
Prwr : P> pressure at still waterline for considered draught, in AN/m?’
fwr : dynamic load combination factor for dynamic wave pressure at still
waterline for considered dynamic load case, see 6.3.1.2
y : transverse coordinate, in m
Zdk-T : distance from the deck at side to the still waterline at the applicable
draught for the loading condition being considered, in m
Bk : local breadth at the weather deck, in m
Lcsr-r : rule length, in m, as defined in Section 4/1.1.1.1
6.3.7 Dynamic Tank Pressure for a Considered Dynamic Load Case

6.3.7.1 The simultaneously acting dynamic tank pressure, Pi,_ayn, for tanks in the cargo region, is to be taken as:
Pin—dyn = fﬂ(fvpin—v + ftPin—t + flngpin—lng) (kN/mz)
Where:

Pin-v : envelope dynamic tank pressure due to vertical acceleration as
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defined in 3.5.4.1 with reference point zo taken as

(a) top of tank

(b) top of air pipe/overflow for ballast tanks designed for BWE
by flow-through method

see Fig. 7.6.4, in kN/m?’

: envelope dynamic tank pressure due to transverse acceleration as
defined in 3.5.4.2 with reference point yy taken as

(a) tank top towards port side for f; > 0
(b) tank top towards starboard side for f; < 0
see Fig. 7.6.5, in kN/m’

: envelope dynamic tank pressure due to longitudinal acceleration as
defined in 3.5.4.3 with reference point xo taken as

(a) forward bulkhead for f,,, >0
(b) aft bulkhead of the tank for f;,, <0
see Fig. 7.6.6, in kN/m’

: dynamic load combination factor for vertical acceleration for
considered dynamic load case. f; is to be taken as appropriate to the
tank location, see 6.3.1.2

: dynamic load combination factor for transverse acceleration for
considered dynamic load case, see 6.3.1.2

: dynamic load combination factor for longitudinal acceleration for
considered dynamic load case. f;,,, is to be taken as most appropriate
dependent on tank location, see 6.3.1.2

: heading correction factor, as defined in 6.3.1.1

: longitudinal coordinate of reference point, in m

: transverse coordinate of reference point, in m

: vertical coordinate of reference point, in m

1. For a non-parallel tank, yo should be selected from either forward or aft bulkhead corresponding

to the reference point xo. If the longitudinal load combination factor fi,, = 0, yo should be selected

from the bulkhead with the greater breadth.

2. The vertical, transverse and longitudinal acceleration is to be taken at the centre of gravity of the

tank under consideration.

6.3.7.2 The simultaneously acting dynamic tank pressure for tanks outside the cargo region, Pis-ays, is to be taken as:
Pin—dyn = fﬁ(fv—midpin—v + IftPin—tI + |flngPin—lng|) (kN/mZ)

Where:
Pin—v

Pin-t

in-Ilng

ﬁ—m id

: envelope dynamic wave pressure due to vertical acceleration as
given in 3.5.4.1 with reference point zo taken as
(a) top of tank
(b) top of air pipe for ballast tanks design for BWE by flow through
see Fig. 7.6.5, in kN/m?
: envelope dynamic tank pressure due to transverse acceleration as
given in 3.5.4.2 using (yo — ) as extreme breadth of tank, in kN/m?
: envelope dynamic tank pressure due to longitudinal acceleration as
given in 3.5.4.3 using (xo —x) as extreme length of tank, in kN/m’
: dynamic load combination factor for vertical acceleration for

considered dynamic load case, see 6.3.1.2
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: dynamic load combination factor for transverse acceleration for

considered dynamic load case, see 6.3.1.2

: dynamic load combination factor for longitudinal acceleration for

considered dynamic load case, see 6.3.1.2

: heading correction factor, as defined in 6.3.1.1
: longitudinal coordinate of reference point, in m
: transverse coordinate of reference point, in m

: vertical coordinate of reference point, in m
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Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to Positive and Negative Vertical Tank

For ballast tank which is designed for ballast water exchange by flow-through method, reference point zp is to be taken

as top of air pipe/overflow of the tank.
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Fig. 7.6.5 Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to Negative and Positive Transverse Tank
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Fig. 7.6.6 Dynamic Tank Pressure in Tanks due to Positive and Negative Longitudinal Acceleration
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6.3.8 Dynamic Deck Loads for a Considered Dynamic Load Case

6.3.8.1 The simultaneously acting dynamic deck load for uniformly distributed load, Pu-ayn, on the enclosed upper deck, where a

forecastle or poop is fitted, and also on all lower decks, is to be taken as:

Pak-ayn = fpfo-miaPaeck-ayn (kN/m”)

Where:
Peck-dyn : envelope dynamic deck pressure on decks, inner bottom and hatch covers, in kN/m?, as defined
in 3.5.5.1
So-mid : dynamic load combination factor for vertical acceleration for considered
dynamic load case, see 6.3.1.2
5 : heading correction factor, as defined in 6.3.1.1

6.3.8.2 The simultaneously acting dynamic vertical force for heavy units, Fur-an, acting on supporting structures and securing
systems for heavy units of cargo, equipment or structural components, is to be taken as:
Fak-ayn = fpfo-miaFo (kN)

Where:
F, : envelope vertical dynamic load from heavy units, in kN, as defined in 3.5.6
fo-mia  : dynamic load combination factor for vertical acceleration for the considered

dynamic load case, see Table 7.6.2 and Table 7.6.4 to Table 7.6.9
¥/ : heading correction factor, as defined in 6.3.1.1
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6.4 Dynamic Load Cases and Dynamic Load Combination Factors for Strength Assessment

6.4.1 General
6.4.1.1 For strength assessment (FEM) the dynamic load cases given in Table 7.6.2 are to be applied in accordance with the
requirements of Appendix B for Design Load Combination S + D. The simultaneously acting dynamic load cases are to be derived

using the dynamic load combination factors given in Table 7.6.2.

Table 7.6.2  Dynamic Load Cases for Strength Assessment (by FEM)

Wave direction Head sea Beam sea Oblique sea
Max response MW.V MW. Qmj wa ay Mwih
(Sagging) | (Hogging) | (Sagging) | (Hogging) (Hogging)
Dynamic Load Case 1 2 3 4 Sa 5b 6a 6b
Mw | fov -1.0 1.0 -1.0 1.0 0.0 0.0 0.4 0.4
Global loads Ow | fov 1.0 -1.0 1.0 -1.0 0.0 0.0 0.0 0.0
Myw-n | foun 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0
ay I 0.5 -0.5 0.3 -0.3 1.0 1.0 -0.1 -0.1
Accelerations a; fi 0.0 0.0 0.0 0.0 -0.6 0.6 0.0 0.0
amg | fing -0.6 0.6 -0.6 0.6 -0.5 -0.5 0.5 0.5
Dynamic  wave | P | fmw -0.3 0.3 0.1 -0.1 1.0 0.4 0.6 0.0
pressure for port | Prige | foitee -0.3 0.3 0.1 -0.1 1.0 0.4 0.4 0.0
side Pew | ferr -0.7 0.7 0.3 -0.3 0.9 0.9 0.5 0.5
Dynamic  wave | Pwe | fmw -0.3 0.3 0.1 -0.1 0.4 1.0 0.0 0.6
pressure for | Prite | fritee -0.3 0.3 0.1 -0.1 0.4 1.0 0.0 0.4
starboard side Pew | ferr -0.7 0.7 0.3 -0.3 0.9 0.9 0.5 0.5
Where:

Symbols are as defined in 3.3, 6.3.5.1, Table 7.6.1 and below:

Jo-mid dynamic load combination factor associated with the vertical acceleration of a centre cargo and ballast tank

Jopt dynamic load combination factor associated with the vertical acceleration of a port cargo and side ballast tank
So-stb dynamic load combination factor associated with the vertical acceleration of a starboard cargo and side ballast tank
Note:

1. Load parameters and locations to be used for the calculations are to be taken as specified in Appendix B/2.4.1

6.5 Dynamic Load Cases and Dynamic Load Combination for Scantling Requirements

6.5.1 General

6.5.1.1 For the scantling requirements the dynamic load cases are to be applied in accordance with the design load sets given in
Table 8.2.7 through Table 8.2.9 for the design load combination S+ D. The simultaneously acting dynamic load cases are to be derived
using the dynamic load combination factors given in Table 7.6.4 to Table 7.6.9.

6.5.1.2 The Dynamic Load Combination Factor (DLCF) table to be used depends on the longitudinal position being considered
and is specified in Fig. 7.6.7 and Table 7.6.3.

6.5.1.3 Each dynamic load case in the DLCF tables maximises one or more dynamic load components. The minimised dynamic
load components are to be calculated by multiplying all the dynamic load combination factors for a dynamic load case by -1.0. The
scantling requirements are to be evaluated for all maximised and minimised dynamic load cases.

6.5.1.4 Load parameters to be used for the calculations are to be taken as specified in Table 8.2.8 and Table 8.2.9.
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Fig. 7.6.7 INlustration of Structural Regions
Cargo Region

Tank
© LCG
AP. @ 0.85Lcser | gp,
|t > »- »- »
Machinery space Mid and aft cargo Forward cargo Forward
and aft end tank region tank region end

Table 7.6.3  Dynamic Load Combination Factor Tables Used for Structural Region and Loading Condition

) Machinery Space and | Mid and aft cargo tank Forward cargo tank
Structural region ) . Forward end
Aft End region region
Applicable for tanks aft of aftmost cargo where the tank LCG is | where the tank LCG is at forward of
and spaces tank aft of 0.85Lcsr-1 or forward of 0.85 Lcsg-r | foremost bulkhead
Loaded DLCF Table 7.6.8 Table 7.6.4 Table 7.6.6 Table 7.6.8
Ballast DLCF Table 7.6.9 Table 7.6.5 Table 7.6.7 Table 7.6.9
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Table 7.6.4  Dynamic Load Cases for Mid and Aft Cargo Tank Region for Loaded Condition

Wave direction Head Sea Oblique Sea Beam Sea
Max response My | av Qing My-n a Peyr Pwi
Dynamic Load Case 1 2 3 4a 4b 5a 5b 6a 6b 7a 7b

M o 1.0 | -10f 05 ]-02(-02]-01]-011]-02]-02]-03] -03
Global loads -

Myw-n | fon 0.0 ] 0.0 [ 0.0 1.0 | -1.0 { -0.1 ] 0.1 0.0 ] 0.0 [ 0.0 0.0

Av-mid So-mia | 02 1 05 [ -04 | -0.1 ]-0.1] 05 [ 0.5 1.0 1.0 | 1.0 1.0

Qv-pt Jo-pt -02 [ 05 ) -041]-01(-01 | 02 ] 06 0.8 1.0 | 0.8 1.0

Qy-stb Jo-stb -02 [ 05 )-04]-01/(-01] 06 | 02 1.0 ] 0.8 [ 1.0 0.8

a fi 00 ] 00 | 0.0 | 00 | 0.0 1.0 | -1.0 [ 05 | -05 | 0.6 | -0.6

Accelerations
Qing-mid | fing-mia | 0.3 | -0.6 | 1.0 | -03 | -03 [ -0.1 | -0.1 | -0.5 [ -0.5 | -0.6 | -0.6

Qing-pt Sing-pt 03 ]1-06|10]-04]-02]-01]-0171]-05]-05]-06] -06

Qingstv | fingsw | 03 [ -0.6 | 1.0 | -02 | -04 [ -0.1 | -0.1 | -0.5 [ -0.5 | -0.6 | -0.6

Aing-crr | fing-err | 03 | -06 | 1.0 | -03 | -03 | -0.1 | -0.1 [ -0.5 ] -0.5 | -0.6 | -0.6

Pey Jewr 07 [-06] 02 ]-03[-03]05] 05 1.0 1.0 | 09 0.9
Dynamic wave pressure for
. Phisge Jhitee 03 ]-02|01]-04]-01[08]-03]|09 ] 04] 1.0 0.4
starboard side
Py e 03 [-03] 01 ]-06(-01]|]05]-02]|08]04]10 0.4
Pey Jewr 07 [-06] 02 ]-03[-03]05] 05 1.0 1.0 | 0.9 0.9

Dynamic wave pressure for -
Phitge Jhilge 03 [-02] 01 |-01]-04]-03] 038 04 [ 09 | 04 1.0

port side

Py L 03 [-031]01]-01]-06]-02] 0.5 0.4 0.8 [ 0.4 1.0

Where: Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1 and Table 7.6.2 and below
Ay-pt vertical acceleration for port tank, in m/s’
Qy-sth vertical acceleration for starboard tank, in m/s’
@mg-mia longitudinal acceleration for centre tank, in m/s’
amgp  longitudinal acceleration for port tank, in m/s’
amgsw  longitudinal acceleration for starboard tank, in m/s’
amgcr  longitudinal acceleration for centre double bottom ballast tank, in m/s’
Sing-pt dynamic load combination factor associated with the longitudinal acceleration of a port side cargo or ballast tank
Sing-s» dynamic load combination factor associated with the longitudinal acceleration of a starboard side cargo or ballast tank
fing-c  dynamic load combination factor associated with the longitudinal acceleration of a centre double bottom ballast tank
fing-mia  dynamic load combination factor associated with the longitudinal acceleration of a centre tank
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Table 7.6.5  Dynamic Load Cases for Mid and Aft Cargo Tank Region for Ballast Condition
Oblique
Wave direction Head Sea Beam Sea
Sea
Max response Mw ay Aing Miyw-n at Pey PwL
Dynamic Load Case 1 2 3 4a 4b Sa Sb 6a 6b 7a 7b
My S 1.0 -1.0 0.4 -04 | -04 | -0.1 -0.1 | -02 ] -02 [ -02 | -0.2
Global loads
Miw-n Jmh 0.0 0.0 0.0 1.0 [ -1.0 0.1 -0.1 | -0.1 ] 0.1 [-02 1] 0.2
v-mid So-mid -0.1 0.4 -0.2 0.1 0.1 0.5 0.5 1.0 1.0 1.0 1.0
v-pt Jopt -0.1 0.4 -0.2 0.1 0.1 0.1 0.8 0.7 1.0 | 0.6 1.0
Av-stb Jo-stb -0.1 0.4 -0.2 0.1 [ 0.1 0.8 0.1 1.0 | 0.7 1.0 0.6
. a fi 0.0 0.0 0.0 0.0 [ 0.0 1.0 -1.0] 0.8 | -0.8 [ 0.6 | -0.6
Accelerations
Qing-mid | fing-mid 0.2 -0.1 1.0 -0.6 | -0.6 0.0 00 | -02 | -0.2 | -0.1 | -0.1
Aing-pt Sing-pt 0.2 -0.1 1.0 -0.6 | -0.4 0.0 00 [ -02 ] -02 1] -0.1 [ -0.1
Qing-sib | Sing-stb 0.2 -0.1 1.0 -04 | -0.6 0.0 00 | -02 | -02 | -0.1 | -0.1
Aing-ctr | fing-ctr 0.2 -0.1 1.0 -04 | -0.4 0.0 00 [ -02]-021]-0.1 | -0.1
Dynamic wave | Per Serr 1.0 -0.8 0.3 -0.5 | -0.5 0.3 0.3 08 | 0.8 | 04 0.4
pressure for starboard | Ppige Jhitge 0.3 -0.2 0.1 -04 | 0.0 0.9 -04 1| 09 ] 03 [ 09 0.2
side Pwi Jwi 0.3 -0.2 0.1 -0.6 | 0.0 0.7 -04 ] 09 | 0.2 1.0 0.2
Pew Jew 1.0 -0.8 0.3 -0.5 | -0.5 0.3 0.3 08 [ 0.8 | 04 0.4
Dynamic wave
) Phirge Joitge 0.3 -0.2 0.1 00 [ -04 | -04 09 [ 03 ] 09 | 02 0.9
pressure for port side
Py JL 0.3 -0.2 0.1 00 [ -06| -04 07 [ 02 ] 09 | 0.2 1.0

Where:

Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.6  Dynamic Load Cases for Forward Cargo Tank Region for Loaded Condition

Wave direction Head Sea Oblique Sea Beam

Max response av | ame Qing Pey Phiige Pwi, av a

Dynamic Load Case 1 2 3a 3b 4a 4b Sa 5b 6a 6b 7a 7b 8a 8b
My Sy -0.7(09| 03] 03] -06]|-06]|-03]-03]|-04]|-04]-04]-04]-0.1[ -0.1

Global loads
M | fouh 00]00|-02]02]02{-02]-01{f011]02]-021]-01{0171{-05] 0.5

Av-mid | foma | 0.7 |1 -06] -06| -06] 07| 07| 09| 09 | 0.7 | 0.7 1.0 1.0 | 04| 04
Qy-pt Jo-pt 07 (-06]-06]-06(07]07] 09( 10]07] 07 0.9 1.0 | 03 0.6
Qv-sty | fo-stv 07 -06)-06]-06[07]07] 1009 ]07] 07 1.0 ] 09 [ 06 ] 03

a f 00(00)-04]04(f01]-01]07(-07]05]-05]06{(-06] 10(-1.0

Accelerations
Qing-mid | fing-mia | 0.8 1 1.0 | 0.8 | 08 | -1.0| -1.0| -05| -05|-1.0 | -1.0 [ -0.5 | -0.5| -0.1 | -0.1
amg-pt | figpe | 081 1.0 [ 1.0 | 06 | -1.0| -09| -05| -05 | -1.0| -0.7 [ -0.5| -0.5( -0.1 | -0.1
Qing-stb | fing-s» | 0.8 1.0 | 0.6 [ 1.0 | -09| -1.0| -0.5]| -05 | -0.7 | -1.0 | -0.5] -0.5| -0.1 [ -0.1
Aing-ctr | fing-err | 081 1.0 ) 0.8 ) 0.8 ] -10] -1.0] -05] -05]-1.0] -1.0 [ -05| -0.5] -0.1 ] -0.1
Dynamic Pey Serr 10 -09]-04| 04 10| 10| 08| 08| 05| 05| 08| 08| 04| 04
wave Prige | foitge 06 |-07|-06]-02] 09| 0.6 1.0 | 05 | 0.7 0.3 1.0 0.5 0.8 | -0.1

pressure  on
) Pwr Jw 03 [-05(-09]-02] 08 04] 09| 04| 1.0 0.2 0.9 0.4 0.6 | -0.2
starboard side

Dynamic Pey Jewr 1.0]-09|-04|-04| 10| 1.0 | 0.8 | 0.8 | 05 0.5 0.8 | 0.8 04 | 04
wave Prige | foilge 06 [-07]-02]-06[06|09] 05| 10| 03 0.7 0.5 1.0 | -0.1] 0.8
pressure  on

) Py Jwr 031]-05]-02]-09] 04] 08] 04] 09 ] 02 1.0 [ 04 [ 09| 02| 0.6
port side

Where:
Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.7  Dynamic Load Cases for Forward Cargo Tank Region for Ballast Condition

Wave direction Head Sea Oblique Sea Beam Sea

Max response ay Aing Qing Pey Phijge Pwi ay a;

Dynamic Load Case 1 2 3a 3b 4a 4b 5a 5b 6a 6b 7a 7b 8a 8b

Global loads My S -08(09 (07|07 ]|-10|-10]-02]-021{-03]|-031]-01]-01]-0.1]1-0.1
M- | foui 00]00]-04] 04| 0000 -05]05]03]-03]-04|04]-04]04
Qv-mid | Jo-mid 07 (-06]-07]-07|04] 04 |06 ] 06 |09] 09 1.0 { 1.0 | 04 | 04
avpe | fopt 071]-061]-07]-07| 04|04 (03] 08]07] 07 |05]|10] 00] 07
Qv-sty | fo-stp 071-06]-07]-07] 04|04 | 08] 03] 07] 07 1.0 | 05 [ 07 | 0.0

Accelerations a fi 00]00]00]00] 0000/ 09]-09]02]-02]07]-07]10]-10
Qing-mid | fing-mia | 09| 1.0 | 1.0 | 1.0 | 0.6 | -0.6 | -0.3 | -03 | -09 | -09 [ 0.0 | 0.0 | 0.0 | 0.0
Aingpt | fingpe | -09] 1.0 | 1.0 | 1.0 | -06 | -0.6 | -05| 02 | -09 | -0.6 [ 0.0 [ 0.0 | 0.0 | 0.0
Qing-stb | fing-sw | 09| 1.0 | 1.0 | 1.0 | -06 | -0.6 | 0.2 | -05 | -06 | -09 [ 0.0 | 0.0 | 0.0 | 0.0
Aing-ctr | fing-er | 091 1.0 ] 1.0 [ 1.0 | -0.6 | -06 | -03 | -03 ] -09 ] -09 ] 0.0 | 00 | 0.0 | 0.0

Dynamic Pey Serr 1.0 |-07]-09]-09| 10 10 | 06| 06 | 06 | 06 | 04 | 04 | 02 | 0.2

wave Pritge | fhitge 05(-041]-07]-03]| 06 ] 0.6 1.0 ]-03f(09 |02 ]08] 02]07]-03

pressure  on

starboard Py, S 031]-02]-06]-01] 041 04 |09 |-03] 10] 0.1 08 | 02 ] 0.7 | -04

side

Dynamic Pey Serr 1.0 -07]-09]-09| 10 10 | 06| 06 | 06 | 0.6 | 04 | 04 | 02 | 0.2

wave Prige | fhitge 051]-041]-03]-07| 06|06 |-03]| 10]02] 09 [02]|08]-03] 07

pressireon Pwr S 031]-02]-01]-06]| 04| 04 |-03] 09 | 0.1 1.0 [ 02 | 08 | -04 ]| 07

port side

Where:

Symbols are as defined in 3.3, 3.4.2, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.8  Dynamic Load Cases for Spaces Outside the Cargo Tank Region for Loaded Condition

Ship location Machinery Space and Aft End Forward End

Wave direction Folls()::ing Oblique Sea Beam Sea Beam Sea

Max response Pey Py ay a ay a

Dynamic Load Case 1 2a 2b 3a 3b 4a 4b Sa 5b 6a 6b

Global Load | Mwv | fuw -1.0 -0.7 -0.7 -0.4 -0.4 -0.1 -0.1 - - - -
Qv-mid | fo-mid 0.6 0.9 0.9 1.0 1.0 0.3 0.3 1.0 1.0 0.3 0.3
Avpt | fopt 0.6 - 0.9 - 1.0 - 0.4 - 1.0 - 0.3

Accelerations | av.sw | f-sv 0.6 0.9 - 1.0 - 0.4 - 1.0 - 0.3 -
a fi 0.0 0.2 -0.2 0.5 -0.5 1.0 -1.0 0.7 -0.7 1.0 -1.0
amg | fing 0.8 0.7 0.7 0.6 0.6 -0.1 -0.1 -0.7 -0.7 -0.1 -0.1

Dynamic Pe | for 1.0 0.8 0.8 0.7 0.7 0.2 0.2 1.0 1.0 0.2 0.2

wave

pressure  on

starboard Pwr | fwr 0.5 1.0 0.2 0.8 0.3 0.5 -0.3 1.0 0.8 0.2 0.0

side

Dynamic P | for 1.0 0.8 0.8 0.7 0.7 0.2 0.2 1.0 1.0 0.2 0.2

wave

pressure¢  on  pp, | fyy 0.5 0.2 1.0 0.3 0.8 -0.3 0.5 0.8 1.0 0.0 0.2

port side

Where:

Symbols are as defined in 3.3, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4
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Table 7.6.9  Dynamic Load Cases for Spaces Outside the Cargo Tank Region for Ballast Condition

Ship location Machinery Space and Aft End Forward End

Wave direction FOIZ)::ng Oblique Sea Beam Sea Beam Sea

Max response Peo PwL ay a ay a

Dynamic Load Case 1 2a 2b 3a 3b 4a 4b Sa 5b 6a 6b

Global Load | Mw | fa -1.0 -0.3 -0.3 0.2 0.2 0.1 0.1 - - - -
Qv-mid | Jfo-mid 0.6 0.9 0.9 1.0 1.0 0.3 0.3 1.0 1.0 0.3 0.3
Qvpt | fopt 0.6 - 0.9 - 1.0 - 0.5 - 1.0 - 0.5

Accelerations | ay-sw | fo-sw 0.6 0.9 - 1.0 - 0.5 - 1.0 - 0.5 -
a fi 0.0 0.1 -0.1 0.6 -0.6 1.0 -1.0 0.7 -0.7 1.0 -1.0
amg | fing 0.7 0.8 0.8 0.2 0.2 0.0 0.0 -0.3 -0.3 0.0 0.0

Dynamic Per | forr 1.0 0.7 0.7 0.5 0.5 0.1 0.1 0.6 0.6 0.1 0.1

wave

pressure  on

starboard Pwr | for 0.8 1.0 0.3 0.6 0.1 0.4 -0.3 0.7 0.3 0.3 -0.1

side

Dynamic P | for 1.0 0.7 0.7 0.5 0.5 0.1 0.1 0.6 0.6 0.1 0.1

wave

pressurc  on | Py, | fyy 0.8 0.3 1.0 0.1 0.6 -0.3 0.4 0.3 0.7 -0.1 0.3

port side

Where:

Symbols are as defined in 3.3, 6.3.5.1 and Table 7.6.1, Table 7.6.2 and Table 7.6.4

195




Rules for the Survey and Construction of Steel Ships Part CSR-T Section 8 (February 2015) CIaSSNI(

Section 8 SCANTLING REQUIREMENTS

1. Longitudinal Strength

1.1 Loading Guidance

1.1.1 General
1.1.1.1  All ships are to be provided with loading guidance information containing sufficient information to enable the master of
the ship to maintain the ship within the stipulated operational limitations. The loading guidance information is to include an approved
Loading Manual and Loading Computer System complying with the requirements given in 1.1.2 and 1.1.3 respectively.
1.1.1.2  The loading guidance information is to be based on the final data of the ship.
1.1.1.3 Modifications resulting in changes to the main data of the ship (lightship weight, buoyancy distribution, tank volumes or
usage, etc), require the Loading Manual to be updated and re-approved, and subsequently the Loading Computer System to be
updated and re-approved. However, new loading guidance need not be re-submitted provided that the resulting draughts, still water
bending moments and shear forces do not differ from the originally approved data by more than 2%.
1.1.1.4 The loading guidance is to be prepared in a language understood by the users. If this language is not English, a translation
into English shall be included. When applicable a document translating the language of the input and output data for the Loading
Computer System into English is to be provided.
1.1.1.5 The loading guidance information is to include the following statement, to ensure the crew are aware of the operational
limitations for minimum draught forward:
The scantlings are approved for a minimum draught forward, at F.P. In sea conditions where slamming is likely to occur, the forward
draught is not to be less than the following:
(a)...m with double bottom ballast tanks No(s)... filled, or
(b)...m with double bottom ballast tanks No(s)... empty
1.1.2 Loading Manual
1.1.2.1 The Loading Manual is a document that:
(a) describes the loading conditions on which the design and approval of the ship has been based for seagoing- and
harbour/sheltered water operation
(b) describes the results of the calculations of'still water bending moments, shear forces and where applicable, limitations due
to torsional and lateral loads
(c) describes relevant operational limitations as given in 1.1.2.7.
1.1.2.2  The following loading conditions and design loading and ballast conditions upon which the approval of the hull scantlings
is based are, as a minimum, to be included in the Loading Manual:

(a) Seagoing conditions including both departure and arrival conditions
homogeneous loading conditions including a condition at the scantling draft (homogeneous loading conditions shall
not include filling of dry and clean ballast tanks at departure condition)
anormal ballast condition where:

*  the ballast tanks may be full, partially full or empty. Where partially full options are exercised, the conditions in
1.1.2.5 are to be complied with

*  all cargo tanks are to be empty including cargo tanks suitable for the carriage of water ballast at sea

*  the propeller is to be fully immersed, and

*  the trim is to be by the stern and is not to exceed 0.015Lcsr-7, where Lesg-ris as defined in Section 4/1.1.1
a heavy ballast condition where:

*  the draught at the forward perpendicular is not to be less than that for the normal ballast condition

*  ballast tanks in the cargo tank region or aft of the cargo tank region may be full, partially full or empty. Where the
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partially full options are exercised, the conditions in 1.1.2.5 are to be complied with

*  the fore peak water ballast tank is to be full. If upper and lower fore peak water ballast tanks are fitted, the lower is
required to be full. The upper fore peak tank may be full, partially full or empty. If upper and lower fore peak tanks
are fitted and only one of them is designated as water ballast tank, the other may be empty.

*  all cargo tanks are to be empty including cargo tanks suitable for the carriage of water ballast at sea

*  the propeller is to be fully immersed

*  the trim is to be by the stern and is not to exceed 0.015Lcsr-r, where Lesg-ris as defined in Section 4/1.1.1
any specified non-uniform distribution of loading
conditions with high density cargo including the maximum design cargo density, when applicable
mid-voyage conditions relating to tank cleaning or other operations where these differ significantly from the ballast
conditions
conditions covering ballast water exchange procedures with the calculations of the intermediate condition just before
and just after ballasting and/or deballasting any ballast tank

(b) Harbour/sheltered water conditions
conditions representing typical complete loading and unloading operations
docking condition afloat
propeller inspection afloat condition, in which the propeller shaft centre line is at least D,r,p/4 above the waterline in
way of the propeller, where D), is the propeller diameter

(c) Additional design conditions
a design ballast condition in which all segregated ballast tanks in the cargo tank region are full and all other tanks are
empty including fuel oil and fresh water tanks.

Guidance Note
The design condition specified in (¢) is for assessment of hull strength and is not intended for ship operation. This condition will
also be covered by the IMO 73/78 SBT condition provided the corresponding condition in the Loading Manual only includes
ballast in segregated ballast tanks in the cargo tank region.
1.1.2.3  The calculation for the departure conditions are to be based on full tanks according to the applicable stability regulations
for filling of tanks; note bunker tanks are not to be taken less than 95% full and other consumables are to be taken at 100% capacity.
Arrival conditions are to be based on 10% of the maximum capacity of bunker, fresh water and stores.
1.1.2.4 Where the amount and disposition consumables at any intermediate stage of the voyage are considered more severe than
of those described in 1.1.2.3, calculations for such intermediate conditions are also to be submitted for approval.
1.1.2.5 Ballast loading conditions involving partially filled peak and/or other ballast tanks in any departure, arrival or intermediate
condition are not permitted to be used as design loading conditions unless, for all filling levels between empty and full, the resulting
stress levels are within the stress and buckling acceptance criteria. For design purposes this criteria will be satisfied if the stress
levels are within the stress and buckling acceptance criteria for loading conditions with the appropriate tanks full, empty and partially
filled at intended level in any departure, arrival or intermediate condition. The corresponding full, empty and partially filled tank
conditions are to be considered as design conditions for calculation of the still water bending moment and shear force, but these do
not need to comply with propeller immersion and trim requirements as specified in 1.1.2.2(a). Where multiple ballast tanks are
intended to be partially filled, all combinations of full, empty or partially filled at intended levels for those tanks are to be investigated.
These requirements are not applicable to ballast water exchange using the sequential method.
1.1.2.6 In cargo loading conditions, the requirements for partially filled ballast tanks as specified in 1.1.2.5 are applicable to the
peak ballast tanks only.
1.1.2.7 The Loading Manual is to include the design basis and operational limitations upon which the approval of the hull scantlings
are based. The information listed in Table 8.1.1 is to be included in the Loading Manual.
1.1.2.8 The approval of the hull scantlings is based on the rule defined loading patterns and the loading conditions given in the

Loading Manual.
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Table 8.1.1  Design Parameters

Parameter

Permissible limits of still water bending moments (seagoing operation and harbour/sheltered water

operation)

Permissible limits of still water shear forces (seagoing operation and harbour/sheltered water operation)

Scantling draught, Ty

Design minimum ballast draught at midships, Tsa

Design slamming draught forward with forward double bottom ballast tanks filled, Trp_su

Design slamming draught forward with forward double bottom ballast tanks empty, Trp.m:

Maximum allowable cargo density

Maximum cargo density in any loading condition in Loading Manual

Description of the ballast exchange operations including any limitations

Design speed

1.1.2.9 The following additional loading conditions are to be included in the Loading Manual if the ship is specifically approved
and intended to be operated in such conditions:
(a) sea-going ballast conditions including water ballast carried in one or more cargo tanks which are intended for use in
emergency situations as allowed by MARPOL ANNEX I, Regulation 13. (Ship approved for loading pattern A8 of Table
B.2.3 or B7 of Table B.2.4)
(b) seagoing loading conditions where the net static upward load on the double bottom exceeds that given with the combination
of an empty cargo tank and a mean ship’s draught of 0.9 7.
(c) seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship’s draught greater than
0.9
(d) seagoing loading conditions where the net static downward load on the double bottom exceeds that given with the
combination of a full cargo tank at a cargo density of 1.025 fonnes/m® and a mean ship’s draught of 0.6 7.
(e) for ships arranged with cross ties in the centre cargo tank , seagoing loading conditions showing a non-symmetric loading
pattern where the difference in filling level between corresponding port and starboard wing cargo tanks exceeds 25% of
the filling height in the wing cargo tank (Ship approved for loading pattern A7 of Table B.2.3 or B7 of Table B.2.4
1.1.2.10 This sub-section is not intended to prevent any other loading conditions to be included in the Loading Manual, nor is it
intended to replace in any way the required Loading Manual/Instrument.
1.1.2.11 A tanker may in actual operation be loaded differently from the design loading conditions specified in the Loading Manual,
provided limitations for longitudinal and local strength as defined in the Loading Manual and Loading Instrument onboard and
applicable stability requirements are not exceeded.
1.1.3 Loading Computer System
1.1.3.1 The loading computer system, is to be a system, which unless stated otherwise is digital and that can easily and quickly
ascertain whether operational limitations are exceeded for any loading condition.
1.1.3.2 The loading computer system is to be approved based on 34.1.3, Part C of the Rules.
1.1.3.3 The loading computer system is to be capable of producing any specific loading condition and verify that these comply
with all the operational limitations given in 1.1.2.2, and provide plots including input and output.
1.1.3.4 If any of the operational limitations are not checked, the user is to be properly informed when using the system, and by the
plots provided, so that each such item is verified by other means. The loading computer system is as a minimum to verify that the
following are satisfied:
(a) draught limitations
(b) still water bending moments and shear forces are reported at the specified locations/read-out points.
1.1.3.5 The final test conditions for the loading computer are to be based on conditions given in the final Loading Manual. The test
conditions are subject to approval and the shear forces and bending moments calculated by the loading computer system, at each

read out point, are to be within 0.02Qgy-perm 01 0.02Mg-perm 0f the results given in the loading manual, where Qgy-perm and Myy-perm
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are the assigned permissible shear force and bending moment at each read out point respectively.
1.1.3.6 Before a loading computer system is accepted, all relevant aspects of the computer, including but not limited to the
following, are to be demonstrated to the Surveyor:

(a) verification that the final data of the ship has been used

(b) verification that the relevant limits for all read-out points are correct

(c) that the operation of the system after installation onboard, is in accordance with the approved test conditions

(d) that the approved test conditions are available onboard

(e) that an operational manual is available onboard.
1.2 Hull Girder Bending Strength

1.21 General
1.2.1.1 The net vertical hull girder section modulus, Z,-,:50, is to be equal to or greater than the requirements given by 1.2.2.2 and
1.2.3.2. The net vertical hull girder moment of inertia, /-nei50, as defined in Section 4/2.6.1.1 is to be equal to or greater than the
requirement given by 1.2.2.1.
1.2.1.2  Scantlings of all continuous longitudinal members of the hull girder based on moment of inertia and section modulus
requirement in 1.2.2.1 and 1.2.2.2 are to be maintained within 0.4Lcsz-r midships.
1.2.1.3 The hull girder section modulus requirements in 1.2.3 apply along the full length of the hull girder, from A.P. to F.P.
1.2.1.4 Structural members included in the hull girder section modulus are to satisfy the buckling criteria given in 1.4.
1.2.2 Minimum Requirements
1.2.2.1 Atthe midship cross section the net vertical hull girder moment of inertia about the horizontal neutral axis,
Iy-ness0, 18 not to be less than the rule minimum vertical hull girder moment of inertia, I,.min, defined as:
Ly—min = 2.7Cplcsr_r>B(Cp +0.7) - 1078 (m*)

Where:

Cw  :wave coefficient as defined in Table 8.1.2

Lcsg-r - rule length, in m, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1

Chp : block coefficient, as defined in Section 4/1.1.9.1 but is not to be taken as less than 0.70

Table 8.1.2  Wave Coefficient Cy,

rule length Cyw
150 < Lesg.r< 300 10.75 — [(300 — Lesg 1) / 10072
300 < Lesg7< 350 10.75
350 < Lesg.r< 500 10.75 — [(Lesgr— 350) / 150732

1.2.2.2 At the midship cross section the net vertical hull girder section modulus, Z,-.i, at the deck and keel is not to be less than
the rule minimum hull girder section modulus, Z,.ui, defined as:
Zymin = 0.9kC,,Lesp_72B(C, +0.7) - 107° (m*)

Where:

k : higher strength steel factor, as defined in Section 6/1.1.4

Cw  :wave coefficient as defined in Table 8.1.2

Lcsg-r :rule length, in m, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1

Chp : block coefficient, as defined in Section 4/1.1.9.1 but is not to be taken as less than 0.70

1.2.2.3 The net hull girder section modulus at keel, Z,.es50-41, is to be calculated in accordance with Section 4/2.6.1.2 and taking z
at the keel.

1.2.2.4 The net hull girder section modulus at deck, Z,-sers50-dk, is to be calculated in accordance with Section 4/2.6.1.2 and taking z
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at the effective deck height, see 1.2.2.5.
1.2.2.5 The effective deck height from the horizontal neutral axis for the hull girder section modulus, za-p, is to be taken as:
Zak—eff = Zdk-side ~ ZNA-net50 (m)
When no effective longitudinal strength members are positioned above a line extending from moulded deck line at side to
a position

(Zdk-side=ZNA-ner50)/0.9 from the neutral axis at the centreline

Yl
Zak—eff = (Zy — Zya-netso) | 0:9+0.2 B (m)
When any effective longitudinal strength members are positioned above a line extending from moulded deck line at side to
a position

(Zdk-side=zNA-net50)/0.9 from the neutral axis at the centreline

Where:

zy : distance from the baseline to top of the continuous strength member at a distance
v from the centreline, in m, giving the largest value of zu..p;, see Fig. 8.1.1

ZNA-net50 : distance from baseline to horizontal neutral axis, in m, see Fig. 8.1.1

Vel : distance from the top of the continuous strength member to the centreline of the ship, in m, giving
the largest value of za-.p, see Fig. 8.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1

Zdk-side : distance from the baseline to the moulded deck line at side, in m, see Fig. 8.1.1
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Fig. 8.1.1 Position for Calculation of Section Modulus Deck

|
Zaay! 09 | Zk-eff
-
(g siaeZnanerso)/ 0-9 |
|
|
I NA
|
| de-side ZNA-nftS(J
|
I / Y
|
(ZgresiaeEnanerso/ 0-9 | Z fk-eff
|
| i
I NA
|
| Zik-side ZNA-net50
|
i / Y

(b) Ship with large camber

1.2.3 Hull Girder Requirement on Total Design Bending Moment

1.2.3.1 The net vertical hull girder section modulus requirement as defined in 1.2.3.2 is to be assessed for both hogging and sagging

conditions.

1.2.3.2 The net hull girder section modulus about the horizontal neutral axis, Z,-sess50, is not to be less than the rule required hull

girder section modulus, Z,.4, based on the permissible still-water bending moment and design wave bending moment defined as:
|Msw—perm+va—17|

v-req — 107 (m?)
Operm

Z

Where:
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Miwperm  : permissible hull girder hogging or sagging still water bending moment as given in Table
8.1.3, in kNm

M-y : hogging or sagging vertical wave bending moment, in kNm as given in Table 8.1.3

Operm : permissible hull girder bending stress as given in Table 8.1.3, in N/mm?

Table 8.1.3  Loads and Corresponding Acceptance Criteria for Hull Girder Bending Assessment

Design load Sull \;Vnegf;el;ft:nding Wave bending Permissible hull girder bending stress,
combination Mgw_perm’ moment, My.v operm (V
143/k within 0.4Lcsk.r amidships
(S) Msw-perm-harb 0 at and forward of 0.9Lcsz.r from A.P.
105/k and
at and aft of 0.1Lcsg-r from A.P.
190/k within 0.4Lcsg-7 amidships
(S +D) Mov-perm-sea Munvs at and forward of 0.9Lcsg-r from A.P.
140/k and
at and aft of 0.1Lcsg.7 from A.P
Where:

My-perm-hars - permissible hull girder hogging and sagging still water bending moment for harbour/sheltered water operation,
in kNm, as defined in Section 7/2.1.1

My-perm-sea - permissible hull girder hogging and sagging still water bending moment for seagoing operation, in kNm, as
defined in Section 7/2.1.1

M-y : hogging and sagging vertical wave bending moments, in kNm, as defined in Section 7/3.4.1
M-y 1s to be taken as:
Mn-iog for assessment with respect to hogging vertical wave bending moment
M,n-sag for assessment with respect to sagging vertical wave bending moment

k : higher strength steel factor, as defined in Section 6/1.1.4

Note

1. Operm 1s to be linearly interpolated between values given.

1.3 Hull Girder Shear Strength

1.3.1 General
1.3.1.1 The hull girder shear strength requirements apply along the full length of the hull girder, from A.P to F.P.
1.3.2 Assessment of Hull Girder Shear Strength

1.3.2.1 The net hull girder shear strength capacity, Qv-ness0, as defined in 1.3.2.2 is not to be less than the required vertical shear

force, Qv-req as indicated in the following:
Qv—req = st—perm +Qww (kN)
Where:

Qsw-perm = permissible hull girder positive or negative still water shear force as given in Section 7/2.1.3, in kN

Qwv : vertical wave positive or negative shear force as defined in Section 7/3.4.3, in kN

1.3.2.2 The permissible positive and negative still water shear forces for seagoing and harbour/sheltered water operations, Qg.-
perm-sea and wa—perm—harb are to SatiSfy:

st—perm < Qu-netso— Qwv—pos (kN)

for maximum permissible positive shear force
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st—perm 2 _Qv—netso - Qwv—neg (kN)

for minimum permissible negative shear force

Where:

st-pe rm

Q v-net50

Tij-perm

Qwv-pos
Qwv—ne,q

tij—net50

thets0

q1-net50

[v-mzt5()

: permissible hull girder still water shear force as given in Table 8.1.4, in AN

: net hull girder vertical shear strength to be taken as the minimum for all plate
elements that contribute to the hull girder shear capacity
Tij—permlij—netso0

= ki
10004q, ()

: permissible hull girder shear stress, zye:m, as given in Table 8.1.4, in Nimm? ,
for plate ij

: positive vertical wave shear force, in kN, as defined in Table 8.1.4

: negative vertical wave shear force, in kN, as defined in Table 8.1.4

: equivalent net thickness, t.:50, for plate ij, in mm. For longitudinal bulkheads
between cargo tanks, #e:50 1S to be taken as #y-ners0 and fu-« as appropriate, see
1.3.3.1 and 1.3.4.1

: net thickness of plate, in mm

= tgrs— 0.5t cop

: gross plate thickness, in mm. The gross plate thickness for corrugated
bulkheads is to be taken as the minimum of #,.g;sand g, in mm
: gross thickness of the corrugation web, in mm
: gross thickness of the corrugation flange, in mm
: corrosion addition, in mm, as defined in Section 6/3.2
: unit shear flow per mm for the plate being considered and based on the net scantlings. Where direct
calculation of the unit shear flow is not available, the unit shear flow may be taken equal to:
—f (‘h—netso)_ 109 (mm’!)
Ly—netso
: shear force distribution factor for the main longitudinal hull girder shear
carrying members being considered. For standard structural configurations f;
is as defined in Fig. 8.1.2
: firstmoment of area, in cm’ ,about the horizontal neutral axis of the effective longitudinal members
between the vertical level at which the shear stress is being determined and the vertical extremity,
taken at the section being considered. The first moment of area is to be based on the net thickness,

thets0

s net vertical hull girder section moment of inertia, in m?, as defined in Section 4/2.6.1.1
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Table 8.1.4  Loads and Corresponding Acceptance Criteria for Hull Girder Shear Assessment
Design load Still water shear force, Vertical wave Permissible shear stress,
combination Osw-perm shear force, O Toerm
Harbour/sheltered
water operations QOsw-perm-hard 0 105/k for plate i
®)
Seagoing operations
(S+D) Osw-perm-sea Ow 120/k for plate ij
Where:
Osw-perm-harb : permissible positive or negative hull girder still water shear force for harbour

operation, in kN, as defined in Section 7/2.1.3

Osw-perm-sea : permissible positive or negative hull girder still water shear force for seagoing
operation, in kN, as defined in Section 7/2.1.3

Ow : positive or negative vertical wave shear, in kN, as defined in Section 7/3.4.3. O,
is to be taken as:
QOwv-pos for assessment with respect to maximum positive permissible still water
shear force

QOwv-neg for assessment with respect to minimum negative permissible still water

shear force
plate ij : for each plate j, index i denotes the structural member of which the plate forms a
component
k : higher strength steel factor, as defined in Section 6/1.1.4
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Fig. 8.1.2 Shear Force Distribution Factors

Hull configuration fi factors

Outside cargo region (no longitudinal bulkhead)

Side shell
f1=0.5

N\ | J

Outside cargo region (centreline bulkhead)

Side shell

Ay
fi= 0231+ 0.076-—-150
3—net50

Longitudinal bulkhead

Ay
fs = 0538 — 0.152—11et50

\ ) A3—net50

One centreline bulkhead Side shell

A _ A,
f1 = 0.055 + 0.097 1130 4 20 —2=1et50
AZ—netSO A3—net50

Inner hull

Ao A,
| ] fz =0.193 —0059Let50+ 0.058 2—net50
2—net50 A3—net50

_\ — Longitudinal bulkhead

Ay A,
J fz= 0504 — 0.076—-1=net50 _ (1 5g2=netso
2—net50 A3—net50

Two longitudinal bulkheads Side shell

A,_ A,
f1 = 0028+ 0.087 =150 4 (023 —2=1ets0
2—net50 A3—net50

Inner hull

Aq_ A,
2—-net50 A3—net50

Longitudinal bulkhead

| - . )
(—1& (i) | f3=0353 —0.049 =R - 095 2 2me
L L Az—netso A3_netso

=L

i :index for the structural member under consideration
1, for the side shell
2, for the inner hull
3, for the longitudinal bulkhead
Ai-netso : net area as defined in Section 4/2.6.4 and based on deduction of 0.5%.,, of the structural member, i, at one side
of the section under consideration. The area A3.uc:50 for the centreline bulkhead is not to be reduced for symmetry

around the centreline.
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1.3.3 Shear Force Correction for Longitudinal Bulkheads between Cargo Tanks
1.3.3.1 For longitudinal bulkheads between cargo tanks the effective net plating thickness of the plating above the inner bottom,
tyte-nerso for plate i, used for calculation of hull girder shear strength, Q- nes50, is to be corrected for local shear distribution and is
given by:

sfe—netso = tgrs — 0.5Ccorr — Ly (mm)

Where:

tyrs :gross plate thickness, in mm
teorr : corrosion addition, in mm, as defined in Section 6/3.2

A : thickness deduction for plate i/, in mm, as defined in 1.3.3.2

1.3.3.2 The vertical distribution of thickness reduction for shear force correction is assumed to be triangular as indicated in Fig.

8.1.3. The thickness deduction, t4, to account for shear force correction is to be taken as:

. 50, (1 bl ) (2 _ Z(Zp_hdb)) ()

- hpikTij—perm 0.50¢g hpik
Where:
8os : shear force correction for longitudinal bulkhead as defined in 1.3.3.3 and 1.3.3.5 for ships
with one or two longitudinal bulkheads respectively, in AN.
Ik : length of cargo tank, in m
Rbik : height of longitudinal bulkhead, in m, defined as the distance from inner bottom to the deck
at the top of the bulkhead, as shown in Fig. 8.1.3
Xblk : the minimum longitudinal distance from section considered to the nearest cargo tank
transverse bulkhead, in m. To be taken positive and not greater than 0.5/x
Zp : the vertical distance from the lower edge of plate i to the base line, in m. Not to be taken as
less than Aqp
hap : height of double bottom, in m, as shown in Fig. 8.1.3

Tiperm  : permissible hull girder shear stress, Zpem, in N/mm? for plate if
= 120/k;
ki : higher strength steel factor, &, for plate i as defined in Section 6/1.1.4
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Fig. 8.1.3 Shear Force Correction for Longitudinal Bulkheads

t, for

R

— Xpik

blk
t, for

Xy = 0251,

Xpii 1

5
Q 051

5Q,

1.3.3.3 Forships with a centreline bulkhead between the cargo tanks, the shear force correction in way oftransverse bulkhead, 6Q3,

is to be taken as:
6Q; = 0.5K;F;, (kN)
Where:

K3  :correction factor, as defined in 1.3.3.4

Fs  :maximum resulting force on the double bottom in a tank, in kN, asdefined in 1.3.3.7

1.3.3.4 For ships with a centreline bulkhead between the cargo tanks, the correction factor, K3, in way of transverse bulkheads is

to be taken as:
1
o= [oso( )
s =|040(1-1=) - £
Where:
n : number of floors between transverse bulkheads
5 : shear force distribution factor, see Fig. 8.1.2

1.3.3.5 For ships with two longitudinal bulkheads between the cargo tanks, the shear force correction, dQ3, is to be taken as:
6Q3; = 0.5K;F;, (kN)

Where:
K3 :correction factor, as defined in 1.3.3.6
Fa : maximum resulting force on the double bottom in a tank, in AN, as defined in

1.3.3.7

1.3.3.6 Forships with two longitudinal bulkheads between the cargo tanks, the correction factor, K3, in way of transverse bulkhead

is to be taken as:

& = [o5(1 - =) (=) 4]

Where:

n : number of floors between transverse bulkheads
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r : ratio of the part load carried by the wash bulkheads and floors
from longitudinal bulkhead to the double side and is given by
1

As_netso 2 X 10*bg, (ns + 1)A3—net50]
A1 _netso + Az—netso Lx(NgAr_nerso +R)

Tr =

Note: for preliminary calculations, » may be taken as 0.5
ik - length of cargo tank, between transverse bulkheads in the side
cargo tank, in m
bso : 80% of the distance from longitudinal bulkhead to the inner hull longitudinal
bulkhead, in m, at tank mid length
AT-netso : net shear area of the transverse wash bulkhead, including the double bottom floor
directly below, in the side cargo tank, in cm?, taken as the smallest area in a vertical

section. Ar.nes0 18 to be calculated with net thickness given by fers - 0.5¢cor
2

Al-netso : net area, as shown in Fig. 8.1.2, in m

Azneso :met area, as shown in Fig, 8.1.2, in m’

Asneso :net area, as shown in Fig, 8.1.2, in m’
fi : shear force distribution factor, as shown in Fig. 8.1.2

ns : number of wash bulkheads in the side cargo tank

R : total efficiency of the transverse primary support members in the side tank

R= (n—ns _ 1) AQ-netso (em?)
2 14
V =1+ 300Ib802AQ—net50
psm—net50
Agonetso  : net shear area, in cm?, of a transverse primary support member in the wing cargo

tank, taken as the sum of the net shear areas offloor, cross ties and deck transverse

webs. A is to be calculated using the net thickness given by #g - 0.5¢.0,: The

Q-nets0
net shear area is to be calculated at the mid span of the members.
Ipsm-nerso < net moment of inertia for primary support members, in cm*, of a
transverse primary support member in the wing cargo tank, taken as the sum of the
moments of inertia of transverses and cross ties.
It is to be calculated using the net thickness given by fg - 0.50n:
The net moment of inertia is to be calculated at the mid span of the member
including an attached plate width equal to the primary support member spacing
Lors : gross plate thickness, in mm

Teorr : corrosion addition, in mm, as defined in Section 6/3.2

1.3.3.7 The maximum resulting force on the double bottom in a tank, Fa, is to be taken as:

de = ngCT + WCWBT - pswbz ltkTmeanl (kN)
Where:
Wer : weight of cargo, in fonnes, as defined in Table 8.1.5

Wewsr @ weight of ballast, in fonnes, as defined in Table 8.1.5
b2 : breadth, in m, as defined in Table 8.1.5
Ik : length of cargo tank, between watertight transverse bulkheads in

the wing cargo tank, in m

Tonean : draught at the mid length of the tank for the loading condition considered, in m.
g : acceleration due to gravity, 9.81 m/s>
Dsw : density of sea water, 1.025 tonnes/m’
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Table 8.1.5  Design Conditions for Double Bottoms
Structural Configuration Wer Wewsr b>
Ships with one longitudinal | weight of cargo in | weight of ballast between | maximum breadth between

bulkhead

cargo tanks, in fonnes,
using a minimum
specific

1.025 tonnes/m’

gravity  of

port and starboard inner

sides, in fonnes

port and starboard inner
sides at mid length of tank,

in m, as shown in Fig. 8.1.4

Ships with two longitudinal
bulkheads

weight of cargo in the
centre tank, in fonnes,

using a minimum
specific

1.025 tonnes/m’

gravity  of

weight of ballast below
the centre cargo tank, in

tonnes

maximum breadth of the
centre cargo tank at mid
length of tank, in m, as
shown in Fig. 8.1.4

1.3.3.8 The maximum resulting force on the double bottom in a tank, Fg, is in no case to be less than that given by the rule

minimum conditions given in Table 8.1.6.

Table 8.1.6  Rule Minimum Conditions for Double Bottoms
Structural Configuration Positive/negative Minimum condition
force, Fap
Ships with one | Max positive net vertical force, Fap+ | 0.9T and empty cargo and ballast tanks
longitudinal bulkhead Max negative net vertical force, Fup- | 0.6T, and full cargo tanks and empty ballast tanks
Ships with two | Max positive net vertical force, Fapt | 0.97, and empty cargo and ballast tanks

longitudinal bulkheads Max negative net vertical force, Fup- | 0.67, and full centre cargo tank and empty ballast tanks

Fig. 8.1.4 Tank Breadth to be Included for Different Tanker Types

- -

Centre
Cargo
Tank

Cargo Cargo
Tank Tank
Port Starboard
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1.34 Shear Force Correction due to Loads from Transverse Bulkhead Stringers

1.3.4.1 In way of transverse bulkhead stringer connections, within areas as specified in Fig. 8.1.6, the equivalent net thickness of

plate used for calculation of the hull girder shear strength, #u-x, where the index k refers to the identification number of the stringer, is

not to be taken greater than:

Tstr
Estr—k = tsfc—netso <1 - ) (mm)
Tij—perm
Where:
tye-nerso - effective net plating thickness, in mm, as defined in 1.3.3.1 and calculated at

Tij-perm
ki

Tstr

ZSIV

Qstr- k

Rtr— k
hap

hoik

Zstr

the transverse bulkhead for the height corresponding to the level of the stringer
: permissible hull girder shear stress, zerm, for plate §j = 120/k;j (N/mm?)

- higher strength steel factor, &, for plate ij as defined in Section 6/1.1.4
_ Qstr—k (N/mmz)
lstrtsfc—netso
: connection length of stringer, in m, see Fig. 8.1.5
: shear force on the longitudinal bulkhead from the stringer in loaded condition
with tanks abreast full
Zstr_hdb)

ki
hpik ()

= 0.8Fm_k(1 -

: total stringer supporting force, in kN, as defined in 1.3.4.2

: the double bottom height, in m, as shown in Fig. 8.1.6

: height of bulkhead, in m, defined as the distance from inner bottom to the deck
at the top of the bulkhead, as shown in Fig. 8.1.6

: the vertical distance from baseline to the considered stringer, in m.

1.3.4.2 The total stringer supporting force, Fy-«, in way of a longitudinal bulkhead is to be taken as:
Pstrbstr(Mggt+Ng—1)

For_k =
Where:

Pstr

hu

hi

hi-1

bstr

5 (kN)

: pressure on stringer, in kN/m’, to be taken as 104,

: the height from the top of the tank to the midpoint of the load area between /;/2

below the stringer and /-;/2 above the stringer, in m

: the vertical distance from the considered stringer to the stringer below. For the

lowermost stringer, it is to be taken as 80 % of the average vertical distance to the

inner bottom, in m

: the vertical distance from the considered stringer to the stringer above. For the

uppermost stringer, it is to be taken as 80 % of the average vertical distance to the

upper deck, in m

: load breadth acting on the stringer, in m, see Figs. 8.1.7 and 8.1.8
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Fig. 8.1.5 Effective Connection Length of Stringer
stringer connection length
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30 30°

Fig. 8.1.6 Region for Stringer Correction, #;, for a Tanker with Three Stringers
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Fig. 8.1.7 Load Breadth of Stringers for Ships with a Centreline Bulkhead

/ /

Buttress

/

A bsrk 'y

0.5b,, 0 [

1.3.4.3 Where reinforcement is provided to meet the above requirement, the reinforced area based on gk is to extend longitudinally
for the full length of the stringer connection and a minimum of one frame spacing forward and aft of the bulkhead. The reinforced
area shall extend vertically from above the stringer level and down to 0.5hi below the stringer, where hy, the vertical distance from
the considered stringer to the stringer below is as defined in 1.3.4.2. For the lowermost stringer the plate thickness requirement tg.k

is to extend down to the inner bottom, see Fig. 8.1.6.
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Fig. 8.1.8 Load Breadth of Stringers for Ships with Two Inner Longitudinal Bulkheads
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Notes
1. b is the breadth of wing cargo tank, in m.

2. ber is the breadth of centre cargo tank, in m.

14 Hull Girder Buckling Strength

14.1 General
1.4.1.1 These requirements apply to plate panels and longitudinals subject to hull girder compression and shear stresses. These
stresses are to be based on the permissible values for still water bending and shear forces given in Section 7/2.1, and wave bending
moments and shear forces given in Section 7/3.4.
1.4.1.2 The hull girder buckling strength requirements apply along the full length of the ship, from A.P to F.P.
1.4.1.3 For the purposes of assessing the hull girder buckling strength in this sub-section, the following are to be considered
separately:

(a) axial hull girder compressive stress to satisfy requirements in 1.4.2.6 and 1.4.2.8

(b) hull girder shear stress to satisfy requirements in 1.4.2.7.
14.2 Buckling Assessment
1.4.2.1 The buckling assessment of plate panels and longitudinals is to be determined according to Section 10/3.1 with hull girder
stresses calculated on net hull girder sectional properties.
1.4.2.2 The buckling strength for the buckling assessment is to be derived using local net scantlings, #:.:, as follows:

thet = tgrs — 1.0t oy (mm)
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Where:
Cors : gross plate thickness, in mm
Leorr : corrosion addition, in mm, as defined in Section 6/3.2

1.4.2.3 The hull girder compressive stress due to bending, gag-nesso, for the buckling assessment is to be calculated using net hull
girder sectional properties and is to be taken as the greater of the following:

(Zz — ZNa—-netso) (Msw—perm—sea+va—v)

Opg-netso = 1072 (Wmm?)

Iy—_netso

Ohg—net50 = 7 (N/mmz)

Where:

Miw-perm-sea  : permissible still water bending moment for seagoing operation, in kNm, as defined in
Section 7/2.1.1, with signs as given in 1.4.2.4

M-y : hogging and sagging vertical wave bending moments, in kNm, as defined in Section
7/3.4.1, with signs as given in 1.4.2.4

M,y 1s to be taken as:

M,,, o, Tor assessment with the hogging still water bending moment
M, ., for assessment with the sagging still water bending moment
z : distance from the structural member under consideration to the baseline, in m
ZNA-nets0 : distance from the baseline to the horizontal neutral, in m, see Fig. 8.1.1
L-nesso - net vertical hull girder section moment of inertia, in m?, as defined in Section 4/2.6.1.1
k : higher strength steel factor, as defined in Section 6/1.1.4.1

1.4.2.4 The sagging bending moment values of Msy-perm-sea and M., are to be taken for members above the neutral axis. The
hogging bending moment values are to be taken for members below the neutral axis.

1.4.2.5 The design hull girder shear stress for the buckling assessment, Tj;_,.s0, 1S to be calculated based on net hull girder

sectional properties and is to be taken as:

Thg-net50 = | (st—perm—sea + Qwv) (:00&) (N/mm?)
ij—nets0
Where:
Qsw-perm-sea  : positive and negative still water permissible shear force for seagoing operation, in kN,
as defined in Section 7/2.1.3
Qwr : positive or negative vertical wave shear, in kN, as defined in Section 7/3.4.3.
Q. is to be taken as:
Quwv-pos for assessment with the positive permissible still water shear force
Q\yv_ne, Tor assessment with the negative permissible still water shear force
tj-netso : net thickness for the plate i/, in mm
=tii_grs — 0-Stcorr
Cijmgrs : gross plate thickness of plate i, in mm. The gross plate thickness for corrugated
bulkheads is to be taken as the minimum of #,.¢:s and #zgs, in mm
Cogrs : gross thickness of the corrugation web, in mm
Crgrs : gross thickness of the corrugation flange, in mm
teorr : corrosion addition, in mm, as defined in Section 6/3.2
qv : unit shear per mm for the plate being considered as defined in 1.3.2.2
Notes

1. Maximum of the positive shear (still water + wave) and negative shear (still water + wave) is to be

used as the basis for calculation of design shear stress
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2. Allplate elements ij that contribute to the hull girder shear capacity are to be assessed. See also Table
8.1.4 and Fig. 8.1.2
3. The gross rule required thicknesses is to be calculated considering shear force correction.

4. Forlongitudinal bulkheads between cargo tanks, #j.ness0 is to be taken as fy-nerso and Zy-k as appropriate.

1.4.2.6 The compressive buckling strength, of plate panels, is to satisfy the following criteria:

N = Naliow
Where:
n : buckling utilisation factor
Uhg—netso
U—C,
Ohg-netso - hull girder compressive stress based on net hull girder sectional properties, in N/mm? as
defined in 1.4.2.3
Ocr : critical compressive buckling stress, oxcr O 6y as appropriate, in N/mm?, as specified in
Section 10/3.2.1.3. The critical compressive buckling stress is to be calculated for the
effects of hull girder compressive stress only. The effects of other membrane stresses and
lateral pressure are to be ignored. The net thickness given as t ., — o as described in
Section 6/3.3.2.2 is to be used for calculation of o,
Nallow : allowable buckling utilisation factor:
= 1.0 for plate panels at or above 0.5D
= 0.90 for plate panels below 0.5D
s gross plate thickness, in mm
teorr corrosion addition, in mm, as defined in Section 6/3.2

1.4.2.7 The shear buckling strength, of plate panels, is to satisfy the following criteria:
N = Nauow
Where:
n : buckling utilisation factor
Thg—nets0
TCT‘
Thg-netso - design hull girder shear stress, in N/mm?, as defined in 1.4.2.5
Ter : critical shear buckling stress, in N/mm?, as specified in Section 10/3.2.1.3. The critical
shear buckling stress is to be calculated for the effects ofhull girder shear stress only. The
effects of other membrane stresses and lateral pressure are to be ignored. The net thickness
given as t .. — leorr as described in Section 6/3.3.2.2 is to be used for the calculation of
Ter
Nallow - allowable buckling utilisation factor
=0.95
ors : gross plate thickness, in mm
teorr : corrosion addition, in mm, as defined in Section 6/3.2

1.4.2.8 The compressive buckling strength of longitudinal stiffeners is to satisfy the following criteria:

N = Natiow

Where:
n

: greater of the buckling utilisation factors given in Section 10/3.3.2.1 and
Section 10/3.3.3.1. The buckling utilisation factor is to be calculated for
the effects of hull girder compressive stress only. The effects of other

membrane stresses and lateral pressure are to be ignored.
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Naliow : allowable buckling utilisation factor
= 1.0 for stiffeners at or above 0.5D
= 0.90 for stiffeners below 0.5D

1.5 Hull Girder Fatigue Strength

1.5.1 General

1.5.1.1 The following provides a simplified fatigue control measure against the dynamic hull girder stresses in the longitudinal

deck structure.

1.5.1.2 The requirements in 1.5.1.3 are not mandatory, but are recommended to be applied in the early design phase in order to

give an indication of the required hull girder section modulus for compliance with the mandatory fatigue requirements specified in

Section 9/3 and Appendix C.

1.5.1.3 The fatigue life for the deck structure as required by Section 9/3 and Appendix C is normally satisfied providing the net

vertical hull girder section modulus at the moulded deck line at side, Z,-,es50, as defined in Section 4/2.6.1.1, is not less than the

required hull girder section modulus, Z, .z, defined as:

va—hog_va—sag
1000R;

Zy—fat = (m")

Where:

ww-nog :hogging vertical wave bending moment for fatigue, in kNm, as defined in
Section 7/3.4.1
M, s, :sagging vertical wave bending moment for fatigue, in kNm, as defined in
Section 7/3.4.1
Ru : allowable stress range, in N/mm?’
=0.17Lcsr-r+ 86 for class F-details
= 0.15Lcsg-r+ 76 for class F2-details

Lesg-r :rule length, in m, as defined in Section 4/1.1.1.1

1.6 Tapering and Structural Continuity of Longitudinal Hull Girder Elements

1.6.1 Tapering based on Minimum Hull Girder Section Property Requirements

1.6.1.1 Scantlings of all continuous longitudinal members of the hull girder based on the moment of inertia and section modulus
requirements given in 1.2.2 are to be maintained within 0.4Lcsg-r of amidships.

1.6.1.2 Scantlings outside of 0.4Lcsg-ramidships as required by the rule minimum moment of inertia and section modulus as given
in 1.2.2 may be gradually reduced to the local requirements at the ends provided the hull girder bending and buckling requirements,
along the full length of the ship, as given in 1.2.3 and 1.4 are complied with. For tapering of higher strength steel, see 1.6.2 and 1.6.3.
1.6.2 Longitudinal Extent of Higher Strength Steel

1.6.2.1 Where used, the application of higher strength steel is to be continuous over the length of the ship up to locations where

the longitudinal stress levels are within the allowable range for mild steel structure, see Fig. 8.1.9.
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Fig. 8.1.9 Longitudinal Extent of Higher Strength Steel
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1.6.3 Vertical Extent of Higher Strength Steel

1.6.3.1 The vertical extent of higher strength steel, zus, used in the deck or bottom and measured from the moulded deck line at

side or keel is not to be taken less than the following, see also Fig. 8.1.10.

Operm
Zpgs =24\l — (m)

01
Where:
z] : distance from horizontal neutral axis to moulded deck line or keel respectively,
inm
o1 : to be taken as o or oy for the hull girder deck and keel respectively, in N/mm?
Odk : hull girder bending stress at moulded deck line given by:
|Msw—perm—sea+va—v|
— - 2
= I (de—side - ZNA—netSO) 1072 (N/mm?)
v—nets50
Okl : hull girder bending stress at keel given by:
|Msw—perm—sea+va—17|
= (2N A-netso— Zia) - 1073 (N/mm?)
Iy_netso
Operm : permissible hull girder bending stress as given in Table 8.1.3 for design load
combination S+D, in N/mm?
Msy-perm-sea  : permissible hull girder still water bending moment for seagoing
operation, in kNm, as defined in Section 7/2.1.1
M-y : hogging and sagging vertical wave bending moments, in kNm, as

defined in Section 7/3.4.1

M,y is to be taken as:
M

wo-nog 1OT assessment with respect to hogging vertical wave
bending moment
M,,, s, for assessment with respect to sagging vertical wave

bending moment
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Ly-netso :net vertical hull girder moment of inertia, in m*, as defined in

Section 4/2.6.1.1

Zdk-side : distance from baseline to moulded deck line at side, in m

Zki : vertical distance from the baseline to the keel, in m

ZNA-net50 : distance from baseline to horizontal neutral axis, in m

ki : higher strength steel factor for the area i defined in Fig. 8.1.10.

The factor, £, is defined in Section 6/1.1.4

Fig. 8.1.10  Vertical Extent of Higher Strength Steel

steel
with material
! factor k,

NA

1.6.4 Tapering of Plate Thickness due to Hull Girder Shear Requirement

1.6.4.1 Longitudinal tapering of shear reinforcement is permitted, provided that for any longitudinal position the requirements
given in 1.3.2 are complied with. Control of the shear strength at intermediate positions is to be carried out by linear interpolation of
permissible shear limits at the bulkhead and in the middle of the tank.

1.6.5 Structural Continuity of Longitudinal Bulkheads

1.6.5.1 Suitable scarphing arrangements are to be made to ensure continuity of strength and the avoidance of abrupt structural
changes. In particular longitudinal bulkheads are to be terminated at an effective transverse bulkhead and large transition brackets
shall be fitted in line with the longitudinal bulkhead.

1.6.6 Structural Continuity of Longitudinal Stiffeners

1.6.6.1 Where longitudinal stiffeners terminate, and are replaced by a transverse system, adequate arrangements are to be made to
avoid an abrupt changeover.

1.6.6.2 Where a deck longitudinal stiffener is cut, in way of an opening, compensation is to be arranged to ensure structural
continuity of the area. The compensation area is to extend well beyond the forward and aft end of the opening and not be less than
the area of the longitudinal that is cut. Stress concentration in way of the stiffener termination and the associated buckling strength

of the plate and panel are to be considered.
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2. Cargo Tank Region

2.1 General

2.1.1 Application
2.1.1.1 The requirements of'this Sub-Section apply to the hull structure within the cargo tank region of the ship, for the shell, deck,
inner bottom and bulkhead plating, stiffeners and primary support members.
2.1.2 Basis of Scantlings
2.1.2.1 The net scantlings described in this Sub-Section are related to gross scantlings as follows:
(a) for application of the minimum thickness requirements specified in 2.1.5 and 2.1.6, the gross thickness is obtained from
the applicable requirements by adding the full corrosion additions specified in Section 6/3
(b) for plating and local support members, the gross thickness and gross cross sectional properties are obtained from the
applicable requirements by adding the full corrosion additions specified in Section 6/3
(c) for primary support members, the gross shear area, gross section modulus, and other gross cross sectional properties are
obtained from the applicable requirements by adding one half of the relevant full corrosion addition specified in Section
6/3
(d) for application of the buckling requirements of Section 10/3, the gross thickness and gross cross-sectional properties are
obtained from the applicable requirements by adding the full corrosion additions specified in Section 6/3.
2.1.3 Evaluation of Scantlings
2.1.3.1 The following scantling requirements are based on the assumption that all structural joints and welded details are designed
and fabricated, such that they are to be compatible with the anticipated working stress levels at the locations considered. The loading
patterns, stress concentrations and potential failure modes of structural joints and details during the design of highly stressed regions
are to be considered. Structural design details are to comply with the requirements given in Section 4/3.
2.1.3.2 The scantlings are to be assessed to ensure that the strength criteria are satisfied at all longitudinal positions, where
applicable.
2.1.3.3 Local scantling increases are to be applied where applicable to cover local variations, such as increased spacing, increased
stiffener spans and green sea pressure loads. Local scantling increases may also be required to cover fore end strengthening
requirements, see Section 8/3.
2.14 General Scantling Requirements
2.1.4.1 The hull structure is to comply with the applicable requirements of:
(a) hull girder longitudinal strength, see Section 8/1
(b) strength against sloshing and impact loads, see Section 8/6
(c) hull girder ultimate strength, see Section 9
(d) strength assessment (FEM), see Section 9
(e) fatigue strength, see Section 9/3
(f) buckling and ultimate strength, see Section 10.
2.1.4.2 The net section modulus, shear areas and other sectional properties of the local and primary support members are to be
determined in accordance with Section 4/2.
2.1.4.3 The section modulus, shearareas and other sectional properties of the local and primary support members apply to the areas
clear of the end brackets.
2.1.4.4 The spans of the local and primary support members are defined in Section 4/2.1.
2.1.4.5 The moments of inertia for the primary support members are to be determined in association with the effective attached
plating at the mid span as specified in Section 4/2.3.2.3.
2.1.4.6 Limber, drain and air holes are to be cut in all parts of the structure, as required, to ensure the free flow to the suction pipes
and escape of air to the vents. See also Section 4/3.

2.1.4.7 Allshell frames and tank boundary stiffeners are in general to be continuous, or are to be bracketed at their ends, except as
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permitted in Sections 4/3.2.4 and 4/3.2.5.

2.1.4.8 Enlarged stiffeners (with or without web stiffening) used for Permanent Means of Access (PMA) are to comply with the

following requirements:

(a) Buckling strength including proportion (slenderness ratio) requirements for primary support members as follows:

+ For stiffener web, see Section 10/2.3.1.1(a), 10/3.2.

* For stiffener flange, see Section 10/2.3.1.1(b), 10/2.3.3.1.

+ For web stiffeners, see Section 10/2.3.2.1, 10/2.3.2.2, 10/3.3.
Note: Note 1 of Table 10.2.1 is not applicable.

(b) Buckling strength of longitudinal PMA platforms without web stiffeners may also be ensured using the criteria for local support
members in Section 10/2.2 and Section 10/3.3, including Note 1 of Table 10.2.1, provided shear buckling strength of web is
verified in line with Section 10/3.2.

(c) All other requirements for local support members as follows:

+ Corrosion additions: requirements for local support members
* Minimum thickness: requirements for local support members
* Fatigue: requirements for local support members

Note: For primary support members (or part of it) used as a PMA platform the requirements for primary support members are to be
applied.

2.15 Minimum Thickness for Plating and Local Support Members

2.1.5.1 The thickness of plating and stiffeners in the cargo tank region is to comply with the appropriate minimum thickness

requirements given in Table 8.2.1.

Table 8.2.1  Minimum Net Thickness for Plating and Local Support Members in the Cargo Tank Region

Net Thickness
Scantling Location
(mm)
Keel plating 6.5+0.03L,
Shell
Bottom shell/bilge/side shell 4.5+0.03L;
Upper Deck 4.5+0.02L>
[Plating Hull internal tank boundaries 4.5+0.02L,
Other structure INon-tight bulkheads, bulkheads between dry|
) 4.5+0.01L;
spaces and other plates in general
ILocal supporfLocal support members on tight boundaries 3.5+0.015L>
members Local support members on other structure 2.5+0.015L>
Tripping brackets 5.0+0.015L>
Where:
L : rule length, Lcsg-7; as defined in Section 4/1.1.1.1, but need not be taken greater than 300m
2.1.6 Minimum Thickness for Primary Support Members

2.1.6.1 The thickness of web plating and face plating of primary support members in the cargo tank region is to comply with the

appropriate minimum thickness requirements given in Table 8.2.2.
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Table 8.2.2  Minimum Net Thickness for Primary Support Members in Cargo Tank Region

Scantling Location Net Thickness
(mm)

|Double bottom centreline girder 5.5+0.025L>
Other double bottom girders 5.5+0.02L,
|Double bottom floors, web plates of side transverses and stringers in double hull 5.0+0.015L>
(Web and flanges of vertical web frames on longitudinal bulkheads, horizontal stringers on| 5.510.015Ls
transverse bulkhead, deck transverses (above and below upper deck) and cross ties

Where:

L :rule length, Lcsg-7; as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

2.2 Hull Envelope Plating

2.2.1 Keel Plating
2.2.1.1 Keel plating is to extend over the flat of bottom for the complete length of the ship. The breadth, by, is not to be less than:
bri=800+5L; (mm)

Where:

L : rule length, Lcsg-7; as defined in Section 4/1.1.1.1, but not to be taken
greater than 300m

2.2.1.2 The thickness of the keel plating is to comply with the requirements given in 2.2.2.

2.2.2 Bottom Shell Plating

2.2.2.1 The thickness of the bottom shell plating is to comply with the requirements in Table 8.2.4.

223 Bilge Plating

2.2.3.1 The thickness of bilge plating is not to be less than that required for the adjacent bottom shell, see 2.2.2.1, or adjacent side
shell plating, see 2.2.4.1, whichever is the greater.

2.2.3.2 The net thickness of bilge plating, t.,, without longitudinal stiffening is not to be less than:

3\/ 72 St Pey

thet = —100 (mm)

Where:

Py : design sea pressure for the design load set 1 calculated at the lower turn of bilge, in
kN/m?

r : effective bilge radius
=7r,+05(a+b) (mm)

70 :radius of curvature, in mm. See Fig. 8.2.1

S : distance between transverse stiffeners, webs or bilge brackets, in m

a : distance between the lower turn of bilge and the outermost bottom longitudinal, in mm,

see Fig. 8.2.1 and 2.3.1.2. Where the outermost bottom longitudinal is within the
curvature, this distance is to be taken as zero.
b : distance between the upper turn of bilge and the lowest side longitudinal, in mm, see
Fig. 8.2.1 and 2.3.1.2. Where the lowest side longitudinal is within the curvature, this
distance is to be taken as zero.
Where plate seam is located in the straight plate just below the lowest stiffener on the side shell, any increased thickness
required for the bilge plating does not have to extend to the adjacent plate above the bilge provided that the plate seam is

not more than sbh/4 below the lowest side longitudinal. Similarly for flat part of adjacent bottom plating, any increased
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thickness for the bilge plating does not have to be applied provided that the plate seam is not more than sa/4 beyond the
outboard bottom longitudinal. Regularly longitudinally stiffened bilge plating is to be assessed as a stiffened plate. The

bilge keel is not considered as “longitudinal stiffening” for the application of this requirement.

Fig. 8.2.1 Unstiffened Bilge Plating

—

2.2.3.3 Where bilge longitudinals are omitted, the bilge plate thickness outside 0.4Lcsr-7 amidships will be considered in relation
to the support derived from the hull form and internal stiffening arrangements. In general, outside of 0.4 Lcsz-ramidships the bilge plate
scantlings and arrangement are to comply with the requirements of ordinary side or bottom shell plating in the same region.
Consideration is to be given where there is increased loading in the forward region.

2.2.4 Side Shell Plating

2.2.4.1 The thickness of the side shell plating is to comply with the requirements in Table 8.2.4.

2.2.4.2 The net thickness, #:.:, of the side plating within the range as specified in 2.2.4.3 is not to be less than:

s BT,, 0.25
thet = 26 (m + 0.7) (W) (mm)

Where:

N : stiffener spacing, in mm, as defined in Section 4/2.2
B : moulded breadth, in m as defined in Section 4/1.1.3.1
Ts  :scantling draught, in m, as defined in Section 4/1.1.5.5

oy specified minimum yield stress of the material, in N/mnm’

2.2.4.3 The thickness in 2.2.4.2 is to be applied to the following extent of the side shell plating, see Fig. 8.2.2:
(a) longitudinal extent:
* between a section aft of amidships where the breadth at the waterline exceeds 0.9B, and a section forward of amidships
where the breadth at the waterline exceeds 0.6B8
(b) wvertical extent:
* between 300mm below the minimum design ballast waterline, T, amidships to 0.257 or 2.2m, whichever is greater,

above the draught 7.
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Fig. 8.2.2 Extent of Side Shell Plating

breadth greater breadth greater
than 0.9B than 0.6B
- the greater of
O 25T, or 2.2m
NG A IS, / waterline at T,

~ . pon ) s

‘waterline amidships

225 Sheer Strake

2.2.5.1 The sheer strake is to comply with the requirements in 2.2.4.

2.2.5.2 The welding of deck fittings to rounded sheer strakes is to be avoided within 0.6Lcsg-r of amidships.

2.2.5.3 Where the sheer strake extends above the deck stringer plate, the top edge of the sheer strake is to be kept free from notches
and isolated welded fittings, and is to be smooth with rounded edges Grinding may be required if the cutting surface is not smooth.
Drainage openings with a smooth transition in the longitudinal direction may be permitted.

2.2.6 Deck Plating

2.2.6.1 The thickness of the deck plating is to comply with the requirements given in Table 8.2.4.

2.3 Hull Envelope Framing

2.3.1 General

2.3.1.1 The bottom shell, inner bottom and deck are to be longitudinally framed in the cargo tank region. The side shell, inner hull
bulkheads and longitudinal bulkheads are generally to be longitudinally framed. Where the side shell is longitudinally framed, the inner
hull bulkheads are to be similarly constructed. Suitable alternatives which take account of resistance to buckling will be specially
considered.

2.3.1.2 Where longitudinals are omitted in way of the bilge, a longitudinal is to be fitted at the bottom and at the side close to the
position where the curvature of the bilge plate starts. The distance between the lower turn of bilge and the outermost bottom longitudinal,
a, is generally not to be greater than one-third of the spacing between the two outermost bottom longitudinals, s,. Similarly, the distance
between the upper turn of the bilge and the lowest side longitudinal, b, is generally not to be greater than one-third of the spacing
between the two lowest side longitudinals, s,. See Fig. 8.2.1.

2.3.1.3 The longitudinals are to comply with the requirements of continuity given in Section 4/3.2.

2.3.2 Scantling Criteria

2.3.2.1 The section modulus, and thickness, of the hull envelope framing is to comply with the requirements given in Tables 8.2.5
and 8.2.6.

2.3.2.2 Where the side shell longitudinal or the vertical stiffener is inclined to the longitudinal or vertical axis, respectively, the
span is to be taken in accordance with Section 4/2.1.3.

2.3.2.3 For curved stiffeners, the span is to be taken in accordance with Section 4/2.1.3.

2.4 Inner Bottom

24.1 Inner Bottom Plating

2.4.1.1 The thickness of the inner bottom plating is to comply with the requirements given in Table 8.2.4.

2.4.1.2 Inway of a welded hopper knuckle, the inner bottom is to be scarfed to ensure adequate load transmission to surrounding
structure and reduce stress concentrations.

2.4.1.3 Inway of corrugated bulkhead stools, where fitted, particular attention is to be given to the through-thickness properties,
and arrangements for continuity of strength, at the connection of the bulkhead stool to the inner bottom. For requirements for plates
with specified through-thickness properties, see Section 6/1.1.5.

2.4.2 Inner Bottom Longitudinals

2.4.2.1 The section modulus and web plate thickness of the inner bottom longitudinals are to comply with the requirements given
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in Tables 8.2.5 and 8.2.6.
2.5 Bulkheads

2.5.1 General

2.5.1.1 The inner hull and longitudinal bulkheads are generally to be longitudinally framed, and plane. Corrugated bulkheads are
to comply with the requirements given in 2.5.6.

2.5.1.2  Where bulkheads are penetrated by cargo or ballast piping, the structural arrangements in way are to be adequate for the
loads imparted to the bulkheads by the hydraulic forces in the pipes.

2.5.2 Longitudinal Tank Boundary Bulkhead Plating

2.5.2.1 The thickness of the longitudinal tank boundary bulkhead plating is to comply with the requirements given in Table 8.2.4.

2.5.2.2 Inner hull and longitudinal bulkheads are to extend as far forward and aft as practicable and are to be effectively scarfed

into the adjoining structure.

253 Hopper Side Structure

2.5.3.1 Knuckles in the hopper tank plating are to be supported by side girders and stringers, or by a deep longitudinal.

2.5.4 Transverse Tank Boundary Bulkhead Plating

2.5.4.1 The thickness of the transverse tank boundary bulkhead plating is to comply with the requirements given in Table 8.2.4.
2.5.5 Tank Boundary Bulkhead Stiffeners

2.5.5.1 The section modulus and web thickness of stiffeners, on longitudinal or transverse tank boundary bulkheads, are to comply
with the requirements given in Tables 8.2.5 and 8.2.6.

2.5.6 Corrugated Bulkheads

2.5.6.1 The scantling requirements relating to corrugated bulkheads defined in 2.5.6 and 2.5.7 are net requirements. The gross
scantling requirements are obtained from the applicable requirements by adding the full corrosion additions specified in Section 6/3.

2.5.6.2 In general, corrugated bulkheads are to be designed with the corrugation angles, ¢, between 55 and 90 degrees, see Fig.
8.2.3.

2.5.6.3 The global strength of corrugated bulkheads, lower stools and upper stools, where fitted, and attachments to surrounding
structures are to be verified with the cargo tank FEM model in the midship region, see Section 9/2. The global strength of corrugated
bulkheads outside of midship region are to be considered based on results from the cargo tank FEM model and using the appropriate
pressure for the bulkhead being considered. Additional FEM analysis of cargo tank bulkheads forward and aft of the midship region
may be necessary if the bulkhead geometry, structural details and supportarrangement details differ significantly from bulkheads within
the mid cargo tank region.

2.5.6.4 The net thicknesses, %, of the web and flange plates of corrugated bulkheads are to be taken as the greatest value calculated
for all applicable design load sets, as given in Table 8.2.7, and given by:

|P|
tnee = 0.0158 b, fc - (mm)
a~y

Where:

P : design pressure for the design load set being considered, calculated at
the load point defined in Section 3/5.1, in kN/m’
b,  :breadth of plate
=bs  for flange plating, in mm. See Fig. 8.2.3
=b,  for web plating, in mm. See Fig. 8.2.3
C., :permissible bending stress coefficient
=0.75 for acceptance criteria set AC1
=0.90 for acceptance criteria set AC2

oya  :specified minimum yield stress of the material, in N/mm’

2.5.6.5 Where the corrugated bulkhead is built with flange and web plate of different thickness, then the thicker net plating

thickness, fn-ner, is to be taken as the greatest value calculated for all applicable design load sets, as given in Table 8.2.7, and given by:
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0.0005 by,? |P]| )
tm—net= Cq Oyg - tn—net (mm)
a~y

Where:

tr-net  : met thickness of the thinner plating, either flange or web, in mm

by : breadth of thicker plate, either flange or web, in mm

P : design pressure for the design load set being considered, calculated at the load point
defined in Section 3/5.1, in kN/m’

C.  :permissible bending stress coefficient
=0.75 for acceptance criteria set AC1
=0.90 for acceptance criteria set AC2

oya  : specified minimum yield stress of the material, in N/mm’

2.5.7 Vertically Corrugated Bulkheads

2.5.7.1 In addition to the requirements of 2.5.6, vertically corrugated bulkheads are also to comply with the requirements of 2.5.7.

2.5.7.2 The net plate thicknesses as required by 2.5.7.5 and 2.5.7.6 are to be maintained for two thirds of the corrugation length,
lcg, from the lower end, where /., is as defined in 2.5.7.3. Above that, the net plate thickness may be reduced by 20%.

2.5.7.3 The net web plating thickness of the lower 15% of the corrugation, #.nes, is to be taken as the greatest value calculated for
all applicable design load sets, as given in Table 8.2.7, and given by the following. This requirement is not applicable to corrugated

bulkheads without a lower stool, see 2.5.7.9.

, 1000 |Qgg | )
— = mm
w-net dcg Ct—cg Tyd

Where:
Q., :design shear force imposed on the web plating at the lower end of the
corrugation
_ Scg leg |3P+Pyl )
8000
P : design pressure for the design load set being considered, calculated at
the lower end of the corrugation, in kN/m?
P, : design pressures for the design load set being considered, calculate at
the upper end of the corrugation, in kN/m’
Scq : spacing of corrugation, in mm. See Fig. 8.2.3
l.;,  :length of corrugation, which is defined as the distance between the

lower stool and the upper stool or the upper end where no upper stool
is fitted, in m, see Fig. 8.2.3
d., :depth of corrugation, in mm. See 2.5.7.4 and Fig. 8.2.3
C,_c, :permissible shear stress coefficient
=0.75 for acceptance criteria set AC1
=0.90 for acceptance criteria set AC2

o
Tvd —yd 2
= N/mm
V3
oya  :specified minimum yield stress of the material, in N/mm’

2.5.7.4 The depth of the corrugation, d.g, is not to be less than:
1000 lcg

97 15
Where:

dc (mm)

l., :length of corrugation, which is defined as the distance between the
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lower stool or the inner bottom if no lower stool is fitted and the upper

stool or the upper end where no upper stool is fitted, in m, see Fig. 8.2.3

2.5.7.5 The net thicknesses of the flanges of corrugated bulkheads, #fnet, for two thirds of the corrugation length from the lower
end are to be taken as the greatest value calculated for all applicable design load sets, as given in Table 8.2.7, and given by the following.

This requirement is not applicable to corrugated bulkheads without a lower stool, see 2.5.7.9.

0.00657 bf lo'bdg—max

tr—net = (mm)

Cr

Where:

Opag-max - Maximum value of the vertical bending stresses in the flange. The
bending stress is to be calculated at the lower end and at the mid

span of the corrugation length

1000M,
=——T (N
Zcg—act-net
M, : as defined in 2.5.7.6
Z, g-act-net - actual net section modulus at the lower end and at the mid length

of the corrugation, in cmi’

by : breadth of flange plating, in mm. See Fig. 8.2.3
by : breadth of web plating, in mm. See Fig. 8.2.3
Cr : coefficient
2
b
=7.65-026 (—W>
by

2.5.7.6  The net section modulus at the lower and upper ends and at the mid length of the corrugation (//2) of a unit corrugation,
Zcg-net, are to be taken as the greatest value calculated for all applicable design load sets, as given in Table 8.2.7, and given by the

following.

1000 M,

cg-net — Cs—cg Iya

Z (cm?)

Where:

2
M, _ Ci P Scglo
12000

P +Pl
P = ”2 (kN/m?)

(kNm)

P, P, : design pressure for the design load set being considered, calculated at
the lower and upper ends of the corrugation, respectively, in kN/m?
(a) for transverse corrugated bulkheads, the pressures are to be calculated
at a section located at b,/2 from the longitudinal bulkheads of each tank
(b) for longitudinal corrugated bulkheads, the pressures are to be calculated at the ends
of the tank, i.e., the intersection of the forward and aft transverse bulkheads and
the longitudinal bulkhead

b : maximum breadth of tank under consideration measured at the bulkhead, in m
Scq : spacing of corrugation, in mm. See Fig. 8.2.3
lo : effective bending span of the corrugation, measured from the mid

depth of the lower stool to the mid depth of the upper stool, or upper

end where no upper stool is fitted, in m, see Fig. 8.2.3

226



cg

Ci

s—cg

Ce

br
lff-nel
E

Oyd

Rules for the Survey and Construction of Steel Ships Part CSR-T Section 8 (February 2015) CIaSSNI(

: length of corrugation, which is defined as the distance between the

lower stool and the upper stool or the upper end where no upper stool

is fitted, in m, see Fig. 8.2.3

: the relevant bending moment coefficients as given in Table 8.2.3

: permissible bending stress coefficient

at the mid length of the corrugation length, I,
= ¢, but not to be taken as greater than 0.75 for acceptance criteria set AC1

= e, but not to be taken as greater than 0.90 for acceptance criteria set AC2
at the lower and upper ends of corrugation length, I ,

= 0.75 for acceptance criteria set ACI
= 0.90 for acceptance criteria set AC2

2.25 1.25
27_3—2 forp =1.25
=1.0 for f < 1.25
b [

tf—net E

: breadth of flange plating, in mm, see Fig. 8.2.3
: net thickness of the corrugation flange, in mm
: modulus of elasticity, in N/mm?’

: specified minimum yield stress of the material, in N/mm?
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Table 8.2.3  Values of C;

Bulkhead At lower end of /¢ At mid length of /¢ At upper end of o
Transverse Bulkhead Cs Cu1 0.65Cus
Longitudinal Bulkhead Cs Cuns 0.65C 3
Where:
c Adte .
1 =a;+ b, Do but is not to be taken as less than 0.60
dk
A
=a,— by ’b—dt for transverse bulkhead with no lower stool, but is not to be taken as less than 0.55
dk
095 0.41
ai =U.Jo-—7—
Rpt
=1.0 for transverse bulkhead with no lower stool
b 020+ 2278
1 =—0.
Rt
=0.13 for transverse bulkhead with no lower stool
C Adt .
mi =am +bm b but is not to be taken as less than 0.55
dk
A
=am — by b—dt for transverse bulkhead with no lower stool, but is not to be taken as less than 0.60
dk
063 +22
aml = VU -
Rpt
=0.85 for transverse bulkhead with no lower stool
5 0.25 0.11
ml = —VU. -
Rpt
=0.34 for transverse bulkhead with no lower stool
c Aal .
3 =az+ b; T but is not to be taken as less than 0.60
dk
A
=a;— b l—dl for longitudinal bulkhead with no lower stool, but is not to be taken as less than 0.55
dk
086 - 222
as =086 ———
Ry
=10 for longitudinal bulkhead with no lower stool
b =017+ 22
? . Ry
=013 for longitudinal bulkhead with no lower stool
C Aal .
m3 = Q3 + bz T but is not to be taken as less than 0.55
dk
A
= a3 — bpys l—dl for longitudinal bulkhead with no lower stool, but is not to be taken as less than 0.60
dk
032+ 224
am3 =0. —_—
Rp
=0.85 for longitudinal bulkhead with no lower stool
b 0.12 0.10
m3 = —VuU. i
R
=0.19 for longitudinal bulkhead with no lower stool
Ry A li b ay—
l =Bt (1+ L—b) (1 + Lt) for transverse bulkheads
bip bip hst
Ru A I bap—
=2 (1 + Lb) (1 s ) for longitudinal bulkheads
Lip bip hst
Aa : cross sectional area enclosed by the moulded lines of the transverse bulkhead upper stool, in m?
=0 if no upper stool is fitted
Aar : cross sectional area enclosed by the moulded lines of the longitudinal bulkhead upper stool, in m?
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=0 if no upper stool is fitted
Ape : cross sectional area enclosed by the moulded lines of the transverse bulkhead lower stool, in m”
An : cross sectional area enclosed by the moulded lines of the longitudinal bulkhead lower stool, in m?
bav-t : average width of transverse bulkhead lower stool, in m. See Fig. 8.2.3
bav-i : average width of longitudinal bulkhead lower stool, in m. See Fig. 8.2.3
st : height of transverse bulkhead lower stool, in m. See Fig. 8.2.3
hsi : height of longitudinal bulkhead lower stool, in m. See Fig. 8.2.3
bip : breadth of cargo tank at the inner bottom level between hopper tanks, or between the hopper tank and
centreline lower stool, in m. See Fig. 8.2.3
ba : breadth of cargo tank at the deck level between upper wing tanks, or between the upper wing tank and
centreline deck box or between the corrugation flanges if no upper stool is fitted, in m. See Fig. 8.2.3
Iy - length of cargo tank at the inner bottom level between transverse lower stools, in m. See Fig. 8.2.3
lak - length of cargo tank at the deck level between transverse upper stools or between the corrugation flanges if no

upper stool is fitted, in m. See Fig. 8.2.3

2.5.7.7 For tanks with effective sloshing breadth, b, greater than 0.56B or effective sloshing length [y, greater than 0.13Lcsr-1,
additional sloshing analysis is to be carried out to assess the section modulus of the unit corrugation in accordance with the requirements
of the Society.
2.5.7.8 Forships with a moulded depth, see Section 4/1.1.4, equal to or greater than 16m, a lower stool is to be fitted in compliance
with the following requirements:
(a) general:
+ the height and depth are not to be less than the depth of the corrugation
* the lower stool is to be fitted in line with the double bottom floors or girders

« the side stiffeners and vertical webs (diaphragms) within the stool structure are to align with the structure below, as far

as is practicable, to provide appropriate load transmission to structures within the double bottom.
(b) stool top plating:

+ the net thickness of the stool top plate is not to be less than that required for the attached corrugated bulkhead and is to
be of at least the same material yield strength as the attached corrugation

+ the extension of the top plate beyond the corrugation is notto be less than the as-built flange thickness of the corrugation.

(c) stool side plating and internal structure:

+ within the region of the corrugation depth from the stool top plate the net thickness of the stool side plate is not to be
less than 90% of that required by 2.5.7.2 for the corrugated bulkhead flange at the lower end and is to be of at least the
same material yield strength

+ the net thickness of the stool side plating and the net section modulus of the stool side stiffeners is not to be less than
that required by 2.5.2, 2.5.4 and 2.5.5 for transverse or longitudinal bulkhead plating and stiffeners

+ the ends of stool side vertical stiffeners are to be attached to brackets at the upper and lower ends of the stool

* continuity is to be maintained, as far as practicable, between the corrugation web and supporting brackets inside the
stool. The bracket net thickness is not to be less than 80% of the required thickness of the corrugation webs and is to
be of at least the same material yield strength

+ scallops in the diaphragms in way of the connections of the stool sides to the inner bottom and to the stool top plate
are not permitted.

2.5.7.9 For ships with a moulded depth, see Section 4/1.1.4, less than 16m, the lower stool may be eliminated provided the
following requirements, in addition to the requirements of 2.5.7.6, are complied with:
(a) general:

* double bottom floors or girders are to be fitted in line with the corrugation flanges for transverse or longitudinal
bulkheads, respectively

+ brackets/carlings are to be fitted below the inner bottom and hopper tank in line with corrugation webs. Where this is
not practicable gusset plates with shedder plates are to be fitted, see item (c) below and Fig. 8.2.3

+ the corrugated bulkhead and its supporting structure is to be assessed by Finite Element (FE) analysis in accordance

with Section 9/2. In addition the local scantlings requirements of 2.5.6.4 and 2.5.6.5 and the minimum corrugation
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depth requirement of 2.5.7.4 are to be applied.
(b) inner bottom and hopper tank plating:

+ the inner bottom and hopper tank in way of the corrugation is to be of at least the same material yield strength as the
attached corrugation, and *Z’ grade steels as given in Section 6/1.1.5 are to be used unless plate through thickness
properties are documented for approval.

(c) supporting structure:

+ within the region of the corrugation depth below the inner bottom the net thickness of the supporting double bottom
floors or girders is not to be less than the net thickness of the corrugated bulkhead flange at the lower end and is to be
of at least the same material yield strength

* the upper ends of vertical stiffeners on supporting double bottom floors or girders are to be bracketed to adjacent
structure

* brackets/carlings arranged in line with the corrugation web are to have a depth of not less than 0.5 #imes the corrugation
depth and a net thickness not less than 80% of the net thickness of the corrugation webs and are to be of at least the
same material yield strength

+ cut outs for stiffeners in way of supporting double bottom floors and girders in line with corrugation flanges are to be
fitted with full collar plates

* where support is provided by gussets with shedder plates, the height of the gusset plate, see 4, in Fig. 8.2.3,1s to be at
least equal to the corrugation depth, and gussets with shedder plates are to be arranged in every corrugation. The gusset
plates are to be fitted in line with and between the corrugation flanges. The net thickness of the gusset and shedder
plates are not to be less than 100% and 80%, respectively, of the net thickness of the corrugation flanges and are to be
of at least the same material yield strength. Also see 2.5.7.11.

« scallops in brackets, gusset plates and shedder plates in way of the connections to the inner bottom or corrugation
flange and web are not permitted.

2.5.7.10 In general, an upper stool is to be fitted in compliance with the following requirements:
(a) general:

* where no upper stool is fitted, finite element analysis is to be carried out to demonstrate the adequacy of the details and
arrangements of the bulkhead support structure to the upper deck structure

+ side stiffeners and vertical webs (diaphragms) within the stool structure are to align with adjoining structure to provide
for appropriate load transmission

* brackets are to be arranged in the intersections between the upper stool and the structure on deck

(b) stool bottom plating:

+ the net thickness of the stool bottom plate is not to be less than that required for the attached corrugated bulkhead and
is to be of at least the same material yield strength as the attached corrugation

+ the extension of'the bottom plate beyond the corrugation is not to be less than the attached as-built flange thickness of
the corrugation.

(c) stool side plating and internal structure:

+ within the region of the corrugation depth above the stool bottom plate the net thickness of the stool side plate is to be
not less than 80% of that required by 2.5.7.2 for the corrugated bulkhead flange at the upper end where the same
material is used. If material of different yield strength is used the required thickness is to be adjusted by the ratio of
the two material factors (k). k is defined in Section 6/1.1.4.1

+ the net thickness of the stool side plating and the net section modulus of the stool side stiffeners is not to be less than
that required by 2.5.2, 2.5.4 and 2.5.5 for the transverse or longitudinal bulkhead plating and stiffeners

+ the ends of stool side vertical stiffeners are to be attached to brackets at the upper and lower ends of the stool

+ scallops in the diaphragms in way ofthe connections of the stool sides to the deck and to the stool bottom plate are not
permitted.

2.5.7.11 Where gussets with shedder plates or shedder plates (slanting plates) are fitted at the end connection of the corrugation to
the lower stool or to the inner bottom, appropriate means are to be provided to prevent the possibility of gas pockets being formed by

these plates.
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2.5.7.12 Welding for all connections and joints is to comply with Section 6/5.

2.5.8 Non-tight Bulkheads

2.5.8.1 Non-tight bulkheads (wash bulkheads), where fitted, are to be in line with transverse webs, bulkheads or similar structures.
They are to be of plane construction, horizontally or vertically stiffened, and are to comply with the sloshing requirements given in 6.2.

In general, openings in the non-tight bulkheads are to have generous radii and their aggregate area is not to be less than 10% of the
area of the bulkhead.
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Fig. 8.2.3 Definition of Parameters for Corrugated Bulkhead (Tankers with Longitudinal Bulkhead at Centreline)
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Table 8.2.4  Thickness Requirements for Plating

The minimum net thickness, #.;, is to be taken as the greatest value for all applicable design load sets, as given in Table 8.2.7,

and given by:
P
ther = 0.0158c mm
net S CaOya (mm)
Where:
P : design pressure for the design load set being considered and calculated at the load calculation point defined in
Section 3/5.1, in kN/m*
ap : correction factor for the panel aspect ratio
= - but is not to be taken as greater than 1.0
21001,
K : as defined in Section 4/2.2, in mm
by : length of plate panel, to be taken as the spacing of primary support members, S, unless carlings are fitted, in m
Oyd : specified minimum yield stress of the material, in N/mm>
Ca : permissible bending stress coefficient for the design load set being considered
|Uhg|
= f,- a, but not to be taken greater than Ca-max
Uyd
Acceptance
o Structural Member LB a Ca-max
Criteria Set
o Longitudinally stiffened plating 0.9 0.5 0.8
Longitudinal ~Strength
Transversely or  vertically
AC1 Members ) ] 0.9 1.0 0.8
stiffened plating
Other members 0.8 0 0.8
o Longitudinally stiffened plating 1.05 0.5 0.95
Longitudinal Strength
Transversely or  vertically
AC2 Members ) ) 1.05 1.0 0.95
stiffened plating
Other members, including watertight boundary plating 1.0 0 1.0
Ohg : hull girder bending stress for the design load set being considered and calculated at the load calculation point
defined in Section 3/5.1.2
_ ((Z_ZNA—netso) My_total th—total)10_3 i)
Iy_netso In_netso
M- total : design vertical bending moment at the longitudinal position under consideration for the design load set being
considered, in kNm. The still water bending moment, Mqy-perm, is to be taken with the same sign as the
simultaneously acting wave bending moment, M., see Table 7.6.1
Mi-to1al : design horizontal bending moment at the longitudinal position under consideration for the design load set being
considered, in kANm
Li-nesso : net vertical hull girder moment of inertia, at the longitudinal position being considered, as defined in Section
4/2.6.1,in m*
Lh-netso : net horizontal hull girder moment of inertia, at the longitudinal position being considered, as defined in Section
4/2.6.2, in m*
y : transverse coordinate of load calculation point, in m
: vertical coordinate of the load calculation point under consideration, in m
ZNA-net50 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
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Table 8.2.5  Section Modulus Requirements for Stiffeners
The minimum net section modulus, Z,., is to be taken as the greatest value calculated for all applicable design load sets, as
given in Table 8.2.7, and given by:
|P|sl 2
Znet = ——b4a (cm)
fbag Cs Oyd
Where:
P : design pressure for the design load set being considered and calculated at the load calculation point
defined in Section 3/5.2, in kN/m’
frag : bending moment factor
for continuous stiffeners and where end connections are fitted consistent with idealisation of the stiffener
as having as fixed ends
=12 for horizontal stiffeners
=10 for vertical stiffeners
for stiffeners with reduced end fixity see Sub-section 7.
lyag : effective bending span, in m, as defined in Section 4/2.1.1
K : as defined in Section 4/2.2, in mm
Oyd : specified minimum yield stress of the material, see also Section 3/5.2.6.5, in N/mm?
Cs : permissible bending stress coefficient for the design load set being considered, to be taken as
Sign .Of Hull Girder Side Pressure Acting On Acceptance Criteria
Bending Stress, g,
Tension (+ve) Stiffener side |0'h g|
Cs =Bs- as
Oya
Compression (-ve) Plate side but not to be taken greater than C-max
Tension (+ve) Plate side
Cs = Cs-max
Compression (-ve) Stiffener side
ércii:g?ns(:; Structural Member Bs Qs Cs-max
ACI Longitudinal strength member 0.85 1.0 0.75
Transverse or vertical member 0.75 0 0.75
Longitudinal strength member 1.0 1.0 0.9
AC2 Transverse or vertical member 0.9 0 0.9
Watertight boundary Stiffeners 0.9 0 0.9
Ohg : hull girder bending stress for the design load set being considered and calculated at the reference point
defined in Section 3/5.2.2.5
_ ((Z ZNA-nets0) My—total _ Y Mh—total)10_3 (Nmm?)
Iy_netso In—netso
M- total : design vertical bending moment at longitudinal position under consideration for the design load set
being considered, in kNm.
M0t 18 to be calculated in accordance with Table 7.6.1 using the permissible hogging or sagging still
water bending moment, Msw-perm, t0 be taken as
Mv-perm
Stiffener Location Pressure acting on Pressure acting on
Plate Side Stiffener Side
Above Neutral Axis Sagging SWBM Hogging SWBM
Below Neutral Axis Hogging SWBM Sagging SWBM
Mi-total : design horizontal bending moment at longitudinal position under consideration for the design load set
being considered, see Table 7.6.1, in ANm
Ly-netso : net vertical hull girder moment of inertia, at the longitudinal position being considered, as defined in
Section 4/2.6.1, in m*
Th-neiso : net horizontal hull girder moment of inertia, at the longitudinal position being considered, as defined in
Section 4/2.6.2, in m*
y : transverse coordinate of the reference point defined in Section 3/5.2.2.5, in m
z : vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m
ZNA-net50 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
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Table 8.2.6 ~ Web Thickness Requirements for Stiffeners

The minimum net web thickness, #,.xes, is to be taken as the greatest value calculated for all applicable design load sets, as
given in Table 8.2.7, and given by:
fshr [PIs lspr

tw—net = mm
w—net dsh—r Ct Tyd ( )
Where:
P : design pressure for the design load set being considered and calculated at the load calculation point
defined in Section 3/5.1, in kN/m>
Sohr : shear force distribution factor

for continuous stiffeners and where end connections are fitted consistent with idealisation of the
stiffener as having as fixed ends
=0.5 for horizontal stiffeners
=07 for vertical stiffeners
for stiffeners with reduced end fixity, see Sub-section 7

dshr : as defined in Section 4/2.4.2.2, in mm

C : permissible shear stress coefficient for the design load set being considered, to be taken as
=0.75  for acceptance criteria set AC1

=090  for acceptance criteria set AC2

s : as defined in Section 4/2.2, in mm
Lshr : effective shear span, in m, see Section 4/2.1.2
o
Td Zyd 2
2 = N/mm
V3
Oyd - specified minimum yield stress of the material, in N/mm?
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Table 8.2.7  Design Load Sets for Plating and Local Support Members
Design
Load Load ) ) )
Structural Member - Draught Comment Diagrammatic Representation
Set 2 [ Component
3)
1 PEJ TSC ] ‘ ’ I ]
Keel, Sea pressure only
2 Py Ty \. — ~— [
Bottom Shell,
Bilge, 7 Pin — Pex Tsa | Net pressure difference
Side Shell, between water ballast L J
Sheer strake 8 Py —Pex | 0.25T pressure and sea \ S T\ )
pressure
Green sea pressure L
1 Pex Tse only
In way or other loads on deck N - J
f
oreaEe 3 Pu 0.67
tanks
4 Py, - Cargo pressure only —
—— — |
11 P, in-flood -
Green sea pressure ]
1 Pex Tse only
In way or other loads on deck — — [ J
Deck
of other 5 Py Tout
tanks ] » 025 Water ballast or other
= == liquid pressure only — ) —1—
11 P, in-flood -
9 P Toal Distributed or
concentrated loads
only. L
A
n'y Simultaneously ‘ ’
location | 10 P - occurring green sea
pressure may be
ignored
3 P, in O~6Tsc
Cargo pressure only — ]
Inner Bottom, 4 Pin ) R— R——
Inner hull, 5 Pi Trar
i Water ballast or other
Hopper side 6 Pu 0257 |
liquid pressure only —
11 P in-flood -
Pressure from one side
3 P[n O.6Txc only.
. \ J N E—
Full cargo tank with —
Longitudinal 4 P - adjacent cargo tank
empty.
Bulkhead, Pty
) Two cases are to be
Centreline evaluated: ‘ ’
Bulkhead
11 Pirfiood ) 1. Inner empty,
outer full
2. Inner full,
outer empty
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In way 3 P 0.6T. | Pressure from one side
of

4 P, _ only.
cargo Full cargo tank with

tanks 1 Pin-flood - adjacent fwd or aft

Transverse
P Toul cargo tank empty.

Need to evaluate 2

Bulkhead | way |
Of 6 P, in 025 Txc

cases
1) Fwd empty, aft full
2) Fwd full, aft empty

other

tanks 11 Pin_fiood -

Pressure from one side
5 P, in T bal

Other tank only.

boundaries, e.g. 6 Pin 0.25Tc | Full tank with adjacent ‘ ’
Girders, Floors, tank empty.

Stringers 11 Pin-flood - Need to evaluate 2

cases, see above

Where:

T : scantling draught, in m, as defined in Section 4/1.1.5.5

Tral : minimum design ballast draught, in m, as defined in Section 4/1.1.5.2
Notes

1. Specification of design load combination, load component, acceptance criteria and other load parameters for each

design load set are given in Table 8.2.8

2. When the ship’s configuration cannot be described by the above, then the applicable Design Load Sets to determine
the scantling requirements of structural boundaries are to be selected so as to specify a full tank on one side with the
adjacent tank or space empty. The boundary is to be evaluated for loading from both sides. Design Load Sets are
to be selected based on the tank or space contents and are to maximise the pressure on the structural boundary, the
draught to useis to be taken in accordance with the Design Load Set and this table. Design Load Sets covering the

S and S+D design load combinations are to be selected. See Note 4 and Table 8.2.8.

3. The boundaries of void and dry space not forming part of the hull envelope are to be evaluated using Design Load
Set 11. See Note 2.

4. Design load sets (DLS) for some structural members not covered by the above:

For the boundaries of a stool water ballast tank with the cargo tank:
* DLSs 5, 6 and 11 are to be applied for pressure from the WB tank side
* DLSs 3, 4 and 11 for pressure from the cargo tank side

For a double bottom girder separating two water ballast tanks or separating a water ballast and fuel oil tank:
* DLSs 5, 6 and 11 are to be applied for pressure from each side in turn

For the boundary of a stool void space to the cargo tank:
* DLSs 3, 4 and 11 for pressure from the cargo tank side

+ DLS 11 for pressure from the void space side
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Table 8.2.8  Specification of Design Load Combination, Acceptance Criteria and Other Load Parameters for Each Design Load Set

P ters fi lculating Load
Design W Design Load Acceptance arameters for Calculating Loa
Load Set Load Component Combination ® | Criteria Set Components
DLCF ® I GM I Vroll-gyr
Hull envelope (PSM and LSM)
1 S+D AC2 Loaded DLCF 0.12B 0.35B
Sea pressures
2 Pex S ACl1
Cargo tank boundaries (PSM and LSM)
3 S+D AC2 Loaded DLCF 0.24B 0.40B
Cargo pressures
4 P, in S ACI1
Boundaries of water ballast and other tanks (PSM and LSM)
Ballast
5 Water ballast or other liquid tank S+D AC2 Di é‘,; 0338 0.458
pressures
6 Pi S ACl
Ballast
+D AC2 .33B A45B
7 Net water ballast minus sea pressures 5 ¢ DLCF 0.33 045
P, in — P ex
8 S ACl
Decks (LSM and PSM)
- Ballast
9 Distributed and concentrated loads on S+D AC2 0.33B 0.45B
DLCF
deck
10 Py S AC1
Watertight boundaries (LSM and PSM)
1 Accidental flooding y AC2
P, in-flood
Hull envelope (PSM)
12 . S+D AC2 Loaded DLCF 0.24B 0.40B
Net cargo pressure minus sea pressure
13 P in — P ex S ACI1
14 S+D AC2 Loaded DLCF 0.12B 0.35B
15 Average cargo and sea pressure S+D AC2 Loaded DLCF 0.24B 0.40B
in T Pex
16 (P + Pex)/2 S ACl1
Where:
PSM : Primary Support Members
LSM : Local Support Members
DLCF : Dynamic Load Combination Factors
Pin Pex Pik Pinlooa  : as given in Table 7.6.1 and as shown in Table 8.2.7 or Table 8.2.9
B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Notes
1. Structural members are to be designed using all design load sets which are applicable. This table gives the

pressure load component of the design load set. The hull girder bending moments are given in Tables
8.2.4 and 8.2.5 for local support members.

2. This column specifies which column in the design load combination table is to be applied for each design
load set, see Table 7.6.1. Where S denotes the static design load combination, S+D denotes the static plus
dynamic design load combination and 4 denotes the accidental design load combination.

3. This column specifies which dynamic load combination factor table is to be used for the deviation of the
pressure components and global load components, see Table 7.6.1

2.6 Primary Support Members

2.6.1 General
2.6.1.1 The scantlings of the primary support members in the cargo tank region for the extents shown in Fig. 8.2.4 are to be in
accordance with the requirements of 2.6.1.2 to 2.6.1.7.

2.6.1.2 The section modulus and shear area criteria for primary support members contained in 2.6 apply to structural configurations
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shown in Fig. 2.3.1 and are applicable to the following structural elements:
(a) floors and girders within the double bottom;
(b) deck transverses fitted below the upper deck;
(c) side transverses within double side structure;
(d) wvertical web frames on longitudinal bulkheads with or without cross ties;
(e) horizontal stringers on transverse bulkheads, except those fitted with buttresses or other intermediate supports; and
(f) cross ties in wing cargo and centre cargo tanks.
2.6.1.3 The scantlings of primary support members are to be verified by the Finite Element (FE) cargo tank structural analysis
defined in Section 9/2.
2.6.1.4 The section modulus and/or shear area of a primary support member and/or the cross sectional area of a primary support
member cross tie may be reduced to 85% of the prescriptive requirements provided that the reduced scantlings comply with the FE
cargo tank structural analysis and with 2.1.6.
2.6.1.5 1In general, primary support members are to be arranged in one plane to form continuous transverse rings. Brackets forming
connections between primary support members of the ring are to be designed in accordance with Section 4/3.3.3.
2.6.1.6  Webs of the primary support members are to be stiffened in accordance with Section 10/2.3.
2.6.1.7 Webs of the primary support members are to have a depth of not less than given by the requirements of 2.6.4.1, 2.6.6.1 and
2.6.7.1, as applicable. Lesser depths may be accepted where equivalent stiffness is demonstrated. See Section 3/5.3.3.4. Primary support
members that have open slots for stiffeners are to have a depth not less than 2.5 fimes the depth of the slots.
2.6.1.8 The scantlings of the first primary support members from the transverse bulkhead are to be in accordance with Section 8/7,

2.6.1.3, 2.6.1.4, 2.6.1.5, 2.6.1.6, 2.6.4.3 and 2.6.4.4. In the application of 2.6.4.3 and 2.6.4.4 only the design green sea pressureis to be
considered.

Fig. 8.2.4 Depiction of Applicable Extents

Transverse primary support members
within cargo/ballast tanks

7l 1 1 L
Horizontal stringers on
transverse bulkhead //
) .

L 7 o g

s 1 =

I~

"

NN

=

=

N

Transverse Double bottom girders Transverse
Bulkhead in cargo region Bulkhead
2.6.2 Design Load Sets and Permissible Stress Coefficients for Primary Support Members

2.6.2.1 The design load sets for the evaluation of the primary support members are given in Table 8.2.9.
2.6.2.2 The permissible bending and shear stress coefficients for the evaluation of the primary support members are given in Table
8.2.10.
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Table 8.2.9  Design Load Sets for Primary Support Members

Design
Structural | Load Load . . .
Member Set | Component Draught Comment Diagrammatic Representation
(1,5,6)
1 Pex 0.9T, @ — I -
Double Sea pressure only
bottom 2 Pex T NE— N
ﬂ?r?igsr:%i 12 Pin — Pex 0.6Ts | Net pressure difference
& between cargo pressure
13 Piy — Pex 9 and sea pressure
1 Pex 09T — — — —
Sea pressure only
Side 2 P ex T. sc
transverses
& 3 P 0.6Tsc
Cargo pressure only
4 P -
| P T Green sea pressure only |~ | ‘ ’ T I
« . or other loads on deck
Deck \ )
transverses
3 Py, 0.6T
Cargo pressure only — —
4 P -
3 P 0.6T,. | Pressure from one side
only. — — —
Full cargo tank with
Vertical web| 4 P - adjacent cargo tank
frames on empty
longitudinal 3 P, 0.6T, Pressure from one side
bulkheads . ()nly,
Full cargo tank with |— —
4 Piy - adjacent cargo tank
empty
Pressure from one side
3 Pin 06Tsc OIlly.
Horizontal F.ull cargo tank with
strineers on adjacent forward or aft
& 4 Py, - cargo tank empty.
transverse
Two cases are to be
bulkhead
evaluated:
11 Pin-flood - 1. forward empty/aft full

2. forward full/aft empty

Po_pi + P,
. . 3 in-pt in—-stbh 06T .
Cross ties in 2 * | Full wing cargo tanks,
centre tanks centre tank empty.
4 Pin -

14 P, in t P ex Ty
2
Cross ties in 15 Py, + P,y 0.6T. Full centre tank, wing
wing tanks 2 e cargo tanks empty.
16 P, in t P ex Te
2
Where:
Pin-pt : design pressure from port side wing cargo tank, in kN/m’
Pinsy  : design pressure from starboard side wing cargo tank, in kN/m?
Tse : scantling draught, in m, as defined in Section 4/1.1.5.5
Trar : minimum design ballast draught, in m, as defined in Section 4/1.1.5.2
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Notes

1. Specification of design load combination, load component, acceptance criteria set and other load parameters for
each design load set are given in Table 8.2.8.

2. See 1.1.2.9(b)

3. Draughts specified for bottom floors, girders and side transverses are based on operational limits specified in 1.1.2.
Where the optional loading conditions exceed the minimum Rule required loading conditions the draughts will be
subject to special consideration.

4. For tankers with two oil-tight longitudinal bulkheads, the draught is to be taken as 0.257. For tankers with a
centreline bulkhead, the draught is to be taken as 0.33 7.

S. When the ship’s configuration cannot be described by the structural members or structural configurations identified
above, then the applicable Design Load Sets to determine the scantling requirements of primary support member
are to be selected so as to specify all applicable cases from the following:

+ a full tank on one side of the member with the tank or space on the other side empty

+ a full tank on one side of the member with the external pressure minimised

+ external pressure maximised with the adjacent tank or space empty

The boundary is to be evaluated for loading from both sides. Design Load Sets are to be selected based on the
tank or space contents and are to maximise the net pressure on the structural boundary, the draught to use is to be
taken in accordance with the Design Load Set and this table. Design Load Sets covering the S and S+D design
load combinations are to be selected. Design Load Set 11 may also need to be applied, depending on the particular
structural configuration. See Note 4 on Table 8.2.7 and Table 8.2.8.

6. For a void or dry space, the pressure component from the void side is to be ignored, except where Design Load Set
11 needs to be applied.

Table 8.2.10 Permissible Stress Coefficients, Cs.,- and Cypr, for Primary Support Members
Acceptance criteria set Permissible bending stress Permissible shear stress coefficient,
coefficient, Cs.pr Crpr
ACl1 0.70 0.70
AC2 0.85 0.85
2.6.3 Floors and Girders in Double Bottom

2.6.3.1 Continuous double bottom girders are to be arranged at the centreline or duct keel, at the hopper side and in way of
longitudinal bulkheads and bulkhead stools. Plate floors are to be arranged in way of transverse bulkheads and bulkhead stools.

2.6.3.2 The net shear area, Agr-ness0, of the floors at any position in the floor is not to be less than:

100 ,
Asnr—netso = C (em”)
t—pr Tyd
Where:
Q : design shear force
= fonrP S Loy (kN)
fon : shear force distribution factor
2y;
= fonr—i\1 — — but not to be taken as less than 0.2
Lshr
fon-i = shear force distribution factor at the end of the span, ., as given in
Table 8.2.11

Iy effective shear span, of the double bottom floor, in 7, as shown in
Fig. 8.2.6. In way of bracket ends, the effective shear span is

measured to the toes of the effective end bracket, as defined in
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Section 4/2.1.5. Where the floor ends on a girder at a hopper or stool
structure, the effective shear span is measured to a point that is
one-half of the distance from the girder to the adjacent bottom and
inner-bottom longitudinal, as shown in Fig. 8.2.6.

Vi : distance from the considered cross-section of the floor to the nearest
end of the effective shear span, /-, in m

S : primary support member spacing, in m, as defined in Section 4/2.2.2

P : design pressure for the design load set being considered, calculated at
mid point of effective shear span, /., of a floor located midway
between transverse bulkheads or transverse bulkhead and wash
bulkhead, where fitted, in kN/m’

C.pr :permissible shear stress coefficient for primary support member as

given in Table 8.2.10

, Iyd
b = % (N/mm?)
oya  :specified minimum yield stress of the material, in N/nm?

Table 8.2.11 Shear Force Distribution Factors of Floors

Wing Tank
Centre tank
Structural Configuration (forrs in Fig. At inboard end At hopper knuckle
8.2.5) — end
o (fem2 in Fig. 8.2.5) _
(fn1 in Fig. 8.2.5)
Ships with centreline longitudinal
- 0.4 0.6
bulkhead
Ships with two longitudinal
0.5 0.50 0.65
bulkheads

Fig. 8.2.5 Floor Shear Force Distribution Factors of Floors

N / /

€
| €
|
|
|
|
|
I
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Fig. 8.2.6 Effective Shear Span of Floors

—

Lshr x

’— ’ 1.5x
\ T T T T T T T T T 7T
A e e s O O

Typical arrangement with hopper and end bracket

Ishr

[ \
I 1 1 1 I I 1111 1

T ITTTTTTTTTIT

Typical arrangement with hopper and stool

2.6.3.3 For double bottom centre girders where no longitudinal bulkhead is fitted above, the net shear area, Agr-ness0, of the double

bottom centre girder in way of the first bay from each transverse bulkhead and wash bulkhead, where fitted, is not to be less than:
10Q ,
Ashr—netso = C (em”)
t-prTyd

Where:

Q : design shear force
=021nyn,Ply,> kN

Lspr : effective shear span, of the double bottom floor, in m, as shown in
Fig. 8.2.6. In way of bracket ends, the effective shear span is
measured to the toes of the effective end bracket, as defined in
Section 4/2.1.5. Where the floor ends on a girder at a hopper or stool
structure, the effective shear span is measured to a point that is
one-half of the distance from the girder to the adjacent bottom and
inner-bottom longitudinal, as shown in Fig. 8.2.6.

P : design pressure for the design load set being considered, calculated at
mid point of effective shear span, /-, of a floor located midway
between transverse bulkheads or transverse bulkhead and wash
bulkhead, where fitted, in kN/m’

1. \2 l
" = 0.00935 (%) —0.163 (%) +1289

w213 ()

S : double bottom floor spacing, in m, as defined in Section 4/2.2.2
: permissible shear stress coefficient for primary support member as

given in Table 8.2.10

t-pr
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o
Tyd yd 2
== N/mm
V3 ( )
Oyd : specified minimum yield stress of the material, in N/mm’

2.6.3.4 For double bottom side girders where no longitudinal bulkhead is fitted above, the net shear area, Ag-ness0, of the double

bottom side girder in way of the first bay from each transverse bulkhead and wash bulkhead, where fitted, is not to be less than:

10Q ,
Agshr_netso= C (em”)
t—pr Tyd
Where:
Q : design shear force
=0.14n3n, P L, ° (kN)
l
s =1.072— 0.0357(%)
S
o =12-(5)
18

Ly : effective shear span, of the double bottom floor, in m, as shown in
Fig. 8.2.6. In way of bracket ends, the effective shear span is
measured to the toes of the effective end bracket, as defined in
Section 4/2.1.5. Where the floor ends on a girder at a hopper or stool
structure, the effective shear span is measured to a point that is
one-half of the distance from the girder to the adjacent bottom and
inner-bottom longitudinal, as shown in Fig. 8.2.6.

S : double bottom floor spacing, in 7, as defined in Section 4/2.2.2

P : design pressure for the design load set being considered, calculated at
mid point of effective shear span, s, of a floor located midway
between transverse bulkheads or transverse bulkhead and wash
bulkhead, where fitted, in AN/m’

Crpr :permissible shear stress coefficient for primary support member as

given in Table 8.2.10

o
Tyd yd 2
’ == N/mm
vz e
oya :specified minimum yield stress of the material, in N/nm?
2.6.4 Deck Transverses

2.6.4.1 The web depth of deck transverses is not to be less than:
(@ 0.20 lpag-ar for deck transverses in the wing cargo tanks of ships with two
longitudinal bulkheads
(b) 0.13 lpag-ar for deck transverses in the centre cargo tanks of ships with two
longitudinal bulkheads. The web depth of deck transverses in
the centre cargo tank is not to be less than 90% of that of the

deck transverses in the wing cargo tank

(¢) 0.10 lpag-ar for the deck transverses of ships with a centreline longitudinal
bulkhead.
(d) Seealso 2.6.1.7
Where:

Ipag-ar  : effective bending span of the deck transverse, in m, see Section 4/2.1.4 and Fig. 8.2.7,

but is not to be taken as less than 60% of the breadth of the tank at the location being
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considered
2.6.4.2 The moment of inertia of the deck transverses, with associated deck plating, is to comply with Section 10/2.3.2.3 to control
the overall deflection of the deck structure.
2.6.4.3 The net section modulus of deck transverses is not to be less than Zj-ners0 and Zex-nesso as given by the following. The net

section modulus of'the deck transverses in the wing cargo tanks is also not to be less than required for the deck transverses in the centre
tanks.

1000 M;,, \
Zin-netso = (em”)
Cs—pr Oyd
1000 My,
_—ex 3
Z ex—netso = (em”)
Cs—prOyd
Where:
My : design bending moment due to cargo pressure, in kNm, to be taken as:

(a) for deck transverses in wing cargo tanks of ships with two longitudinal
bulkheads, and for deck transverses in cargo tanks of ships with a centreline
longitudinal bulkhead:
= 0.042(ptPin_dtSlbdg_dt2 + M, butis not to be taken as less than M,

(b) for deck transverses in centre cargo tank of ships with two longitudinal
bulkheads:
= 0.042<ptPin_dtSlbdg_dt2 + M, butis not to be taken as less than M,

My : bending moment transferred from the side transverse
= Cst Bt Pin—stSlbdg—stZ (kNm)
where a cross tie is fitted in a wing cargo tank and lpg-s-c: IS greater
than 0.7/pdg-si, then lpgg-« in the above formula may be taken as /pdg-si-cr.
My : bending moment transferred from the vertical web frame on the
longitudinal bulkhead
= Cow Bow Pin—uwSlbdg—vw2 (kNm)
where lpdg-vw-c 1s greater than 0.7/pdg-vw, then lpig-y in the above
formula may be taken as ldg-vw-cr.
for vertically corrugated bulkheads, M, is to be taken equal to
bending moment in upper end of corrugation over the spacing
between deck transverses
Moy : minimum bending moment

=0.083 Py g Slpag-a°  (kNm)

Mex : design bending moment due to green sea pressure
=0.067 Ppy_qtSlpag-ar”  (kNm)

Pin-as : design cargo pressure for the design load set being considered,
calculated at mid point of effective bending span, /pqq-ar, Of the deck
transverse located at mid tank, in AN/m?’

Pin-st : corresponding design cargo pressure in wing cargo tank for the
design load set being considered, calculated at the mid point of
effective bending span, /p4g-s, Of the side transverse located at mid
tank, in kN/m’

Pin-vw : corresponding design cargo pressure in the centre cargo tank of
ships with two longitudinal bulkheads for the design load set being
considered, calculated at mid point of effective bending span,

Ipag-vw, Of the vertical web frame on the longitudinal bulkhead
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located at mid tank, in AN/m’
Pox-ar : design green sea pressure for the design load set being considered,
calculated at mid point of effective bending span, lp4g-as, of the deck

transverse located at mid tank, in AN/m’

o =1-5 (M) but is not to be taken as less than 0.6
lpag-at
Vioe : distance from the end of effective bending span, /pg-ar, to the toe of

the end bracket of the deck transverse, in m

s lpag- I
B =09 (M) (ﬁ) but is not to be taken as less than 0.10 or greater
lpag-at/ \Is¢
than 0.65
w lpag- I
p =09 <M> (ﬂ) but is not to be taken as less than 0.10 or greater
lbdg—dt Lyy
than 0.50
S : primary support member spacing, in m, as defined in Section 4/2.2.2
lbdy—dt : effective bending span of the deck transverse, in m, see Section 4/2.1.4 and Fig.

8.2.7, but is not to be taken as less than 60% of the breadth ofthe tank at the location
being considered
bdg-st : effective bending span of the side transverse, in m, between the
deck transverse and the bilge hopper, see Section 4/2.1.4 and Fig. 8.2.7
bag-st—ct - effective bending span of the side transverse, in m, between the
deck transverse and the mid depth of the cross tie, where fitted in
wing cargo tank, see Section 4/2.1.4
pagww . effective bending span of the vertical web frame on the
longitudinal bulkhead, in m, between the deck transverse and the
bottom structure, see Section 4/2.1.4 and Fig. 8.2.7.
lya g-vw—ce - effective bending span of the vertical web frame on longitudinal
bulkhead, in m, between the deck transverse and the mid depth of
the cross tie, see Section 4/2.1.4
Lu : net moment of inertia of the deck transverse with an effective
breadth of attached plating specified in Section 4/2.3.2.3, in cm?
Iy : net moment of inertia of the side transverse with an effective
breadth of attached plating specified in Section 4/2.3.2.3, in cm*
Liw :net moment of inertia of the longitudinal bulkhead vertical web

frame with an effective breadth of attached plating specified in Section 4/2.3.2.3, in
4

cm
Cst : as defined in Table 8.2.12
Cvw : as defined in Table 8.2.12
Cspr : permissible bending stress coefficient for primary support member

as given in Table 8.2.10

Oyd : specified minimum yield stress of the material, in N/mm?
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Table 8.2.12 Values of ¢y and ¢, for Deck Transverses

Structural Configuration Cst Cvw
Ships with centreline longitudinal bulkhead 0.056 -

Cross tie in centre | Mvw based on lydg-vi-c: - 0.044
Ships with two | €argo tank M based on lpgg-sc or M, based on lpdg-vw 0.044 0.016
longitudinal M, based on lpdg-st-c: Or M, based on Iy 0.044 0.044

C ties in wi : :
bulkheads TOSS ties m wing et

cargo tanks

M based on lpgg-s or My, based on lpdg-v 0.041 0.015

2.6.4.4 The net shear area of deck transverses is not to be less than Ag-in-nerso and Ashr-ex-nerso as given by:

Ashr—in-netso = C:O—QL: (em?®)
—-pr tyd
Ashr—ex—netso = C:O#:[x (cm?)
—-pr ‘tyd
Where:
Qin : design shear force due to cargo pressure
=0.65Py gt S lspr + 1D beer Sp g (kN)
Qox  :design shear force due to green sea pressure
=065PogtSlgny  (kN)
Pi.gr : design cargo pressure for the design load set being considered, calculated at mid point
of effective bending span, [, ,,_. of the deck transverse located at mid tank, in kN/m’
Pexas @ design green sea pressure for the design load set being considered, calculated at mid
point of effective bending span, 1, ;,_4., of the deck transverse located at mid tank, in
kN/m®
S : primary support member spacing, in m, as defined in Section 4/2.2.2
Ly : effective shear span, of the deck transverse, in m, see Section 4/2.1.5

lyag-ar : effective bending span of the deck transverse, in m, see Section 4/2.1.4 and Fig. 8.2.7,
but is not to be taken as less than 60% of the breadth of the tank at the location being
considered

cl =0.04 in way of wing cargo tanks of ships with two longitudinal bulkheads

=0.00 in way of centre tank of ships with two longitudinal bulkheads
=0.00 for ships with a centreline longitudinal bulkhead

D : moulded depth, in m, as defined in Section 4/1.1.4

ben : breadth of the centre tank, in m

p : density of liquid in the tank, in fonnes/m’, not to be taken less than 1.025, see Section
2/3.1.8
g s acceleration due to gravity, 9.81 m/s’
Cwpr  :permissible shear stress coefficient for primary support member as given in Table 8.2.10
bd = Zvd N/mm?
V3
Oyd : specified minimum yield stress of the material, in N/mm?
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Fig. 8.2.7 Definition of Spans of Deck, Side Transverses, Vertical Web Frames on Longitudinal Bulkheads and Horizontal

Stringers on Transverse Bulkheads
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bdgde

Y Ipdg-vw

bdg-st

bdg-hs

A4

2.6.5 Side Transverses

2.6.5.1 The net shear area, Asu--nets0, of side transverses is not to be less than:

10Q
Aghr—netso = ﬁ (sz)
t—pr ‘yd
Where:

Q : design shear force as follows, in AN
= Qu for upper part of the side transverse
=Q for lower part of the side transverse

Qu = Slcylye (B, +P) —hy B
where a cross tie is fitted in a wing cargo tank and /.., is greater than 0.7/, then / in the above
formula is to be taken as Iy-cr.

Q: : to be taken as the greater of the following:

Sleils (B, +P) —hy P]
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035¢,S Ly (B, + P)
12Q,

where a cross tie is fitted in a wing cargo tank and /., is greater than 0.7/, then /; in the
above formula is to be taken as s.cr.

P, : design pressure for the design load set being considered, in kN/m?, calculated at mid tank as

follows
(a) where deck transverses are fitted below deck, Pu is to be calculated at mid height of upper
bracket of the side transverse, hu
(b) where deck transverses are fitted above deck, Pu is to be calculated at the elevation of the
deck at side, except in cases where item (c) applies
(c) where deck transverses are fitted above deck and the inner hulllongitudinal bulkhead is
arranged with a top wing structure as follows:
+ the breadth at top of the wing structure is greater than 1.5 fimes the breadth of the double
side and
+ the angle along a line between the point at base of the slope plate at its intersection with
the inner hull longitudinal bulkhead and the point at the intersection of top wing structure
and deck is 30 degrees or more to vertical
P, is to be calculated at mid depth of the top wing structure

P : corresponding design pressure for the design load set being considered, calculated at mid
height of bilge hopper, /i, located at mid tank, in kN/m?.

Lyt : length of the side transverse, in m, and is to be taken as follows where deck transverses are
fitted below deck, I is the length between the flange of the deck transverse and the inner
bottom, see Fig. 8.2.7 where deck transverses are fitted above deck, I is the length between
the elevation of the deck at side and the inner bottom

Lit-ct : length of the side transverse, in m, and is to be taken as follows:

(a) where deck transverses are fitted below deck, Ist is the length between the flange of the
deck transverse and mid depth of cross tie, where fitted in wing cargo tank

(b) where deck transverses are fitted above deck, Ist is the length between the elevation of the
deck at side and mid depth of the cross tie, where fitted in wing cargo tank

S : primary support member spacing, in m, as defined in Section 4/2.2.2

hu : effective length of upper bracket of the side transverse, in m, and is to be taken as follows

(a) where deck transverses are fitted below deck, hu is as shown in Fig. 8.2.7 and as described
in Section 4/2.1.5.
(b) where deck transverses are fitted above deck, huis to be taken as 0.0, except in cases where
item (c) applies.
(c) where deck transverses are fitted above deck and the inner hull longitudinal bulkhead is
arranged with a top wing structure as follows:
+ the breadth at top of the wing structure is greater than 1.5 fimes the breadth of the double
side, and
- the angle along a line between the point at base of the slope plate at its intersection with
the inner hull longitudinal bulkhead and the point at the intersection oftop wing structure
and the deck is 30 degrees or more to vertical
hy is to be taken as the distance between the deck at side and the lower end of slope plate of
the top wing structure.
hi : height of bilge hopper, in m, as shown in Fig. 8.2.7
Cuandel - as defined in Table 8.2.13

Cepr : permissible shear stress coefficient for primary support member as given in Table 8.2.10
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(o
Tyd Zyd 2
= N/mm
3 ( )
Oyd : specified minimum yield stress of the material, in N/mm?
Table 8.2.13  Values of ¢, and ¢ for Side Transverses
Structural Configuration cu a
Equal to Equal to
or or
) ) Less than Less than
Number of the sitde stringers greater greater
three three
than than
three three

Ships with a centreline longitudinal bulkhead

Cross tie in centre cargo tank 0.12 0.09 0.29 0.21
Ships with two o Ou or 01 based on
longitudinal Cross ties in }

. St-ct

bulkheads wing - cargo

tanks Quor Q; based on Iy 0.08 0.20

2.6.5.2 The shear area over the length of the side transverse is to comply with the following:

(a) the required shear area for the upper part is to be maintained over the upper 0.2 g,

(b) the required shear area for the lower part is to be maintained over the lower 0.2 /g

(c) where O, and Q;are determined based on /.., the required shear area for the lower part is also to be maintained below the
cross tie

(d) for ships without cross ties in the wing cargo tanks, the required shear area between the upper and lower parts is to be
reduced linearly towards 50% of the required shear area for the lower part at mid span

(e) for ships with cross ties in the wing cargo tanks, the required shear area along the span is to be tapered linearly between
the upper and lower parts

Note

When materials of different yield stress are employed, appropriate adjustments are to be made to account for differences in

material yield stress

Where:
Lsnr : effective shear span of the side transverse, in m
=1y — hy, —h;  where O, and Q; are determined based on /y
=lg_ct— hy where Q, and Q; are determined based on /s
lst, Lst-ct, hu, by, Qu and Qi : as defined in 2.6.5.1
2.6.6 Vertical Web Frames on Longitudinal Bulkhead

2.6.6.1 The web depth of the vertical web frame on the longitudinal bulkhead is not to be less than:
(@) 0.14 lpge-vw for ships with a centreline longitudinal bulkhead
(b) 0.09 lpagg-vw for ships with two longitudinal bulkheads
(c) seealso 2.6.1.7
Where:
Ipag-vw  : effective bending span of the vertical web frame on the longitudinal
bulkhead, see 2.6.6.2 and Fig. 8.2.7

2.6.6.2 The net section modulus, Z,.:50, of the vertical web frame is not to be less than:
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(em’)

: design bending moment, in kNm, as follows

=c PSlpy g_vwz for upper part of the web frame
=c/PS lpg g_vwz for lower part of the web frame

where a cross tie is fitted and [
then [

is greater than 0.71

bdg-vw—ct bdg-vw

pag—ww i the above formula is to be taken as [, ,,_,.,_4-
: design pressure for the design load set being considered, calculated at mid point of
the effective bending span, [

kN/m?

pag-ww Of the vertical web frame located at mid tank, in

: effective bending span of the vertical web frame on the longitudinal
bulkhead, between the deck transverse and the bottom structure, in m,
see Section 4/2.1.4 and Fig. 8.2.7.

: effective bending span of the vertical web frame on longitudinal bulkhead, between
the deck transverse and mid depth of the cross tie on ships with two longitudinal
bulkheads, in m, see Section 4/2.1.4

: primary support member spacing, in m, as defined in Section 4/2.2.2

: permissible bending stress coefficient as given in Table 8.2.10

: specified minimum yield stress of the material, in N/mm’

: as defined in Table 8.2.14

Table 8.2.14 Values of ¢, and ¢; for Vertical Web Frame on Longitudinal Bulkheads

Structural Configuration Cu a
Ships with a centreline longitudinal bulkhead 0.057 0.071
Cross tie i | M based on lhdg-v-cr 0.057 0.071
) ) centre cargo
Ships - with two | M based on lsgg v 0.012 0.028
longitudinal ' '
bulkheads Cross ties in | M based on ladg-v-ct 0.057 0.071
wing cargo
tanks M based on /pgg-vw 0.016 0.032

2.6.6.3 The section modulus over the length ofthe vertical web frame on the longitudinal bulkhead is to comply with the following:

(a) the required section modulus for the upper part is to be maintained over the upper 0.2 lpgg-vw Or 0.2 lpgg-vw-cs, as applicable

(b) the required section modulus for the lower part is to be maintained over the lower 0.2 lpgg-yw Or 0.2 lpdgg-vw-cs, as applicable

(c) where the required section modulus is determined based on lydg-vw-cs, the required section modulus for the lower part is also

to be maintained below the cross tie

(d) the required section modulus between the upper and lower parts is to be reduced linearly to 70% of the required section

modulus for the lower part at mid span

Note

When materials of different yield stress are employed, appropriate adjustments are to be made to account for differences in

material yield stress.

Where:

Zbdg—vw and lbdg—vw—ct as defined in 2.6.6.2

2.6.6.4 The net shear area, Agr-nets0, of the vertical web frame is not to be less than:

252



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 8 (February 2015) CIaSSNI(

10Q

< 2
Ashr-netso = Co—pr Tya (em”)
Where:
Q :design shear force as follows, in AN
= Qu for upper part of the web frame
=Q for lower part of the web frame
Qu = Sleylyw (B, + P)— hy Bl
where a cross tie is fitted in a centre or wing cargo tank and /... is greater than
0.7, then [,,, in the above formula is to be taken as /y-cr.
Q: to be taken as the greater of the following
(@) Sle;lyy (B, +P) —hP]
®) c,Sclyy (B +P)
(© 120,
where a cross tie is fitted in a centre or wing cargo tank and /.., is greater than
0.7L,, then 1, in the above formula is to be taken as ly-cs.
P, : design pressure for the design load set being considered, calculated at
mid height of upper bracket of the vertical web frame, /., located at
mid tank, in kN/m’
P, : design pressure for the design load set being considered, calculated at
mid height of lower bracket of the vertical web frame, /4, located at
mid tank, in kN/m’
Lw s length of the vertical web frame, in m, between the flange of the deck
transverse and the inner bottom, see Fig. 8.2.7
Low-ct . length of the vertical web frame, in m, between the flange of the deck
transverse and mid depth of the cross tie, where fitted
S : primary support member spacing, in m, as defined in Section 4/2.2.2
hu : effective length of upper bracket of the vertical web frame, in m, as
shown in Fig. 8.2.7 and as described in Section 4/2.1.5
hi : effective length of lower bracket of the vertical web frame, in m, as
shown in Fig. 8.2.7 and as described in Section 4/2.1.5
cyand ¢ : as defined in Table 8.2.15
Cw 0.57 for ships with a centreline longitudinal bulkhead
0.50 for ships with two longitudinal bulkheads
Crpr : permissible shear stress coefficient for primary support member as
given in Table 8.2.10
o = i/y_—; (Nimm?)
Oyd : specified minimum yield stress of the material, in N/mm’

Table 8.2.15 Values of ¢, and ¢ for Vertical Web Frame on Longitudinal Bulkhead

Structural Configuration Cu c
Ships with a centreline longitudinal bulkhead

0.17 0.28
Ships with two longitudinal | Qu or Orbased on ly-c:
bulkheads Q. or Qs based on L, 0.075 0.18
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2.6.6.5 The shear area over the length of the vertical web frame on the longitudinal bulkhead is to comply with the following:

(a) the required shear area for the upper part is to be maintained over the upper 0.2 g,

(b) the required shear area for the lower part is to be maintained over the lower 0.2 /g

(c) where O, and Q; are determined based on /.cs, the required shear area for the lower part is also to be maintained below
the cross tie

(d) for ships without cross ties in the wing or centre cargo tanks, the required shear area between the upper and lower parts is
to be reduced linearly towards 50% of the required shear area for the lower part at mid span

(e) for ships with cross ties in the wing or centre cargo tanks, the required shear area along the span is to be tapered linearly
between the upper and lower parts

Note

When materials of different yield stress are employed, appropriate adjustments are to be made to account for differences in

material yield stress.

Where:
Lshr : effective shear span of the side transverse
=l,, — h, —h; where Q, and Q; are determined based on /,,
=Low—ct — My where Q, and Q; are determined based on /.
Loy bow-cty uy B, Qu and Qg : as defined in 2.6.6.4
2.6.7 Horizontal Stringers on Transverse Bulkheads

2.6.7.1 The web depth of horizontal stringers on transverse bulkhead is not to be less than:

(@) 0.28 lpdg-hs for horizontal stringers in wing cargo tanks of ships with two longitudinal
bulkheads

() 0.20 lpdg-hs for horizontal stringers in centre tanks of ships with two longitudinal
bulkheads, but the web depth of horizontal stringers in centre tank is not to be less

than required depth for a horizontal stringer in wing cargo tanks
(©)  0.20 lpag-hs for horizontal stringers of ships with a centreline longitudinal bulkhead
(d) seealso 2.6.1.7.
Where:

Ipag-ns  : effective bending span of the horizontal stringer, in m, but is not to
be taken as less than 50% of the breadth of the tank at the location being
considered, see Section 4/2.1.4 and Fig. 8.2.7

2.6.7.2 The net section modulus, Z,.s0, of the horizontal stringer over the end 0.2/40-4s is not to be less than:
1000 M s
Znetso= (em”)
Cs—pr Oyd

Where:

M : design bending moment
=cPSlygg-ns (kNm)

P : design pressure for the design load set being considered, calculated at
mid point of effective bending span, lqg-ns, and at mid point of the spacing, S, of the
horizontal stringer, in kN/m?

S : sum of the half spacing (distance between stringers) on each side of the horizontal
stringer under consideration, in m

: effective bending span of the horizontal stringer, in m, but is not to be

Lhag s
! taken as less than 50% of the breadth of the tank at the location being considered, see
Section 4/2.1.4 and Fig. 8.2.7
c 0.073 for horizontal stringers in cargo tanks of ships with a
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centreline bulkhead

0.083 for horizontal stringers in wing cargo tanks of ships with
two longitudinal bulkheads

0.063 for horizontal stringers in the centre tank of ships with
two longitudinal bulkheads

: permissible bending stress coefficient as given in Table 8.2.10

Cs—pr

o : specified minimum yield stress of the material, in N/mm?
y

2.6.7.3 The required section modulus at mid effective bending span is to be taken as 70% of that required at the ends, intermediate
values are to be obtained by linear interpolation. When materials of different yield stress are employed, appropriate adjustments are to
be made to account for differences in material yield stress.

2.6.7.4 The net shear area, Agr-ness50, of the horizontal stringer over the end 0.2 g, is not to be less than:

10Q
Ashr-netso = P (cm?®)
t—pr tyd
Where:
Q : design shear force
=0.5PS g, (kN)
P : design pressure for the design load set being considered, calculated at mid point of effective
bending span, ldg-hs, and at mid point of the spacing, S, of the horizontal stringer, in kN/m’
S : sum of the half spacing (distance between stringers), on each side of
the horizontal stringer under consideration, in m
Lshr : effective shear span of the horizontal stringer, in m, see Section4/2.1.5

C.pr  :permissible shear stress coefficient as given in Table 8.2.10

o
Tyd yd 2
=—= N/mm
V3 ( )
Oyd : specified minimum yield stress of the material, in N/mm?

2.6.7.5 The required shear area at mid effective shear span is to be taken as 50% of that required in the ends, intermediate values
are to be obtained by linear interpolation. When materials of different yield stress are employed, appropriate adjustments are to be
made to account for differences in material yield stress.
2.6.8 Cross Ties
2.6.8.1 The maximum applied design axial load on cross ties, W, is to be less than or equal to the permissible load, Wer.perm, as
given by:
Wee < Wet—perm

Where:

Wer : applied axial load
=Pb,S (kN)
Wetperm  : permissible load
= 0.1 Agt—netsoTet Ocr (kN)
P : maximum design pressure for all the applicable design load sets being considered,
calculated at centre of the area supported by the cross tie located at mid tank, in kN/m’
bet : where cross tie is fitted in centre cargo tank:
= 0.5 lag-vw
: where cross ties are fitted in wing cargo tanks:
=0.5 lpag-vw, for design cargo pressure from the centre cargo tank

= 0.5 lpdg-st for design sea pressure
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Ipdg-vw : effective bending span of the vertical web frame on the longitudinal

bulkhead, in m, see Section 4/2.1.4 and Fig. 8.2.7.

Ipdg-st : effective bending span of the side transverse, in m, see Section 4/2.1
and Fig. 8.2.7.

S : primary support member spacing, in m, as defined in Section 4/2.2.2

et : utilisation factor, to be taken as:

=0.65 for acceptance criteria set AC1
=0.75 for acceptance criteria set AC2
Ocr : critical buckling stress in compression of the cross tie, in N/mm?, as
calculated using the net sectional properties in accordance with
Section 10/3.5.1, where the effective length of the cross tie is to be
taken as follows, in m
(a) for cross tie in centre tank:
distance between the flanges of longitudinal stiffeners on the
starboard and port longitudinal bulkheads to which the cross tie’s
horizontal stiffeners are attached
(b) for cross tie in wing tank:
distance between the flanges of longitudinal stiffeners on the
longitudinal bulkhead to which the cross tie’s horizontal stiffeners
are attached, and the inner hull plating

Acineiso : net cross sectional area of the cross tie, in cm’

2.6.8.2 Special attention is to be paid to the adequacy of the welded connections for the transmission of the forces, and also to the
stiffening arrangements, in order to provide effective means for transmission of the compressive forces into the webs. Particular
attention is to be paid to the welding at the toes of all end brackets of the cross ties.

2.6.8.3 Horizontal stiffeners are to be located in line with, and attached to, the longitudinals at the ends of the cross ties.

2.6.9 Primary Support Members Located beyond 0.4Lcsr-1 Amidships

2.6.9.1 Ifacargo tank FE analysis is not available for the region outside of 0.4Lcsz-r amidships, the requirements given in 2.6.9.2
and 2.6.9.3 may be used to obtain the scantlings of primary support members located beyond

0.4Lcsg-r of amidships. Scantlings used for the 0.4Lcsz-r amidships are to be those required by Sections 8/2 and Section 9/2, see
2.6.1.3 and 2.6.1.4.

2.6.9.2 The net section modulus of primary support members, Zend-nesso, located beyond 0.4Lcsg-r of amidships is not to be less
than:

Zmid-net50 Oyd-mid Mend

Z ond— = cm’®
end-net50 Jyd—end Mmid ( )

Where:

Mena : bending moment, in kNm, for the structural member under
consideration located beyond 0.4L csk-r amidships, calculated in
accordance with corresponding requirements of 2.6.3 to 2.6.8 and
using the design pressure specified for the given location

Mia : bending moment, in kNm, for the corresponding structural member

and location of cross section, amidships, obtained from the corresponding
requirements of 2.6.2 to 2.6.8

Zmid-nerso : net section modulus at the flange of the corresponding structural member
and location of cross section amidships, in cm’

Oyd-end : specified minimum yield stress of the flange of the structural member
under consideration located beyond 0.4Lcsg-r amidships, in N/mm?

Oyd-mid : specified minimum yield stress of the flange of the structural member

under consideration amidships, in N/mm’
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2.6.9.3 The net shear area for primary support members, Asir-end-nerso, located beyond 0.4Lcsr.r amidships is not to be less than:

Ashr-mid-nets0 Tyd—mid Qend 5
Aghr—end-netso = (em”)
Tyd—end @mid

Where:
Qend : shear force, in kN, for the structural member under consideration
located beyond 0.4Lcsg-r of amidships, calculated in accordance with the
corresponding requirements of 2.6.3 to 2.6.8 and using the design pressure,
specified for the given location
Qmia : shear force, in kN, for the corresponding structural member and

corresponding location of cross section, amidships, obtained from

the requirements of 2.6.2 to 2.6.8

Ashr-mid-nerso : shear area of corresponding structural member and location of cross

section amidships, in cm?

Tyd-end — Mi
V3
Tyd-mid — M
V3
Oyd-end : specified minimum yield stress of the structural member under
consideration located beyond 0.4Lcsg-7amidships, in N/mm?
Oyd-mid : specified minimum yield stress of the structural member under

consideration amidships, in N/mm?
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3. Forward of the Forward Cargo Tank

3.1 General

3.1.1 Application
3.1.1.1 The requirements of this Sub-Section apply to structure forward of the forward end of the foremost cargo tank. Where the
forward end of the foremost cargo tank is aft of 0.1Lcsz-r of the ship’s length, measured from the F.P., special consideration will be
given to the applicability of these requirements and the requirements of Section 8/2.
3.1.1.2 The net scantlings described in this Sub-Section are related to gross scantlings as follows:
(a) for application of the minimum thickness requirements of 3.1.4, the gross thickness is obtained from the applicable
requirements by adding the full corrosion additions specified in Section 6/3.
(b) for plating and local support members, the gross thickness and gross cross sectional properties are obtained from the
applicable requirements by adding the full corrosion additions specified in Section 6/3
(c) for primary support members, the gross shear area, gross section modulus and other gross cross sectional properties are
obtained from the applicable requirements by adding one half of the relevant full corrosion additions specified in Section
6/3
(d) for application of buckling requirements of Section 10/2 the gross thickness and gross cross sectional properties are
obtained from the applicable requirements by adding the full corrosion additions specified in Section 6/3.
3.1.2 General Scantling Requirements
3.1.2.1 The hull structure is to comply with the applicable requirements of:
(a) hull girder longitudinal strength, see Section 8/1
(b) strength against sloshing and impact loads, see Section 8/6
(c) buckling/ultimate strength, see Section 10.
3.1.2.2 The deck plating thickness and supporting structure are to be suitably reinforced in way of the anchor windlass and other
deck machinery, and in way of cranes, masts and derrick posts. See Section 11/3.
3.1.2.3 The net section modulus, shear area and other sectional properties of local and primary support members are to be
determined in accordance with Section 4/2.
3.1.2.4 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
section modulus and cross sectional shear areas of the primary support members are to be applied as required in the notes to Table
8.3.5.
3.1.2.5 The scantling criteria are based on assumptions that all structural joints and welded details are designed and fabricated such
that they are compatible with the anticipated working stress levels at the locations considered. The loading patterns, stress
concentrations and potential failure modes of structural joints and details during the design of highly stressed regions are to be
considered. Structural design details are to comply with the requirements in Section 4/3.
3.1.2.6 Limber, drain and air holes are to be cut in all parts of the structure, as required, to ensure free flow to the suction pipes and
the escape of air to the vents. Arrangements are to be made for draining the spaces above deep tanks. See also Section 4/3.
3.1.2.7 Web stiffeners are to be fitted on primary support members at each longitudinal on the side and bottom shell. Alternative
arrangements may be accepted where adequacy of stiffener end connections and strength of adjoining web and bulkhead plating is
demonstrated.
3.1.3 Structural Continuity
3.1.3.1 Scantlings of the shell envelope, upper deck and inner bottom are to be tapered towards the forward end. See also 1.6.
3.1.3.2 In the transition zone aft of the fore peak into the forward cargo tank, due consideration is to be given to the arrangement
of major longitudinal members in order to avoid abrupt changes in section. Structures within the fore peak, such as flats, decks,
horizontal ring frames or side stringers, are to be scarphed effectively into the structure aft into the cargo tank. Where such structures
are in line with longitudinal members aft of the forward cargo tank bulkhead fitting of tapered transition brackets may be used.

3.1.3.3 Where inner hull or longitudinal bulkhead structures terminate at the forward bulkhead of the forward cargo tank, adequate
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backing structure is to be provided together with tapering brackets to ensure continuity of strength.

3.1.3.4 Longitudinal framing of the strength deck is to be carried as far forward as practicable.

3.1.3.5 All shell frames and tank boundary stiffeners are to be continuous, or are to be bracketed at their ends, except as permitted
in Sections 4/3.2.4 and 4/3.2.5.

3.14 Minimum Thickness

3.1.4.1 In addition to the thickness, section modulus and stiffener web shear area requirements as given in this Sub-Section, the
thickness of plating and stiffeners in the forward region are to comply with the appropriate minimum thickness requirements given in
Table 8.3.1.

Table 8.3.1  Minimum Net Thickness of Structure Forward of the Forward Cargo Tank

Scantling Location Net Thickness (mm)
Keel plating See 2.1.5.1
Shell
Bottom shell/bilge/side shell plating See 2.1.5.1
Upper Deck See 2.1.5.1
. Hull internal tank boundaries See 2.1.5.1
Plating
Non-tight bulkheads, bulkheads between dry
. See 2.1.5.1
Other structure spaces and other plates in general
Pillar bulkheads 7.5
Breasthooks 6.5
Floors and bottom girders 5.5+ 0.02L>
Web plating of primary support members 6.5+ 0.015L>
Local support members See 2.1.5.1
Tripping brackets See 2.1.5.1
Where:
L : rule length, Lcsg-7, in m, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m
3.2 Bottom Structure
3.21 Plate Keel

3.2.1.1 Aflat plate keel is to extend as far forward as practical and is to satisfy the scantling requirements given in 2.2.1.

3.2.2 Bottom Shell Plating

3.2.2.1 The thickness of the bottom shell plating is to comply with the requirements in 3.9.2.1.

3.23 Bottom Longitudinals

3.2.3.1 Bottom longitudinals are to be carried as far forward as practicable. Beyond this, suitably stiffened frames are to be fitted.

3.2.3.2 The section modulus and thickness of the bottom longitudinals are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

3.24 Bottom Floors

3.2.4.1 Bottom floors are to be fitted at each web frame location. The minimum depth of the floor at the centreline is to be not to
be less than the required depth of the double bottom of the cargo tank region. See Section 5/3.2.1.1.

3.2.5 Bottom Girders

3.2.5.1 Asupporting structure is to be provided at the centreline either by extending the centreline girder to the stem or by providing
adeep girder or centreline bulkhead.

3.2.5.2 Where a centreline girder is fitted, the minimum depth and thickness is not to be less than that required for the depth ofthe
double bottom in the cargo tank region, and the upper edge is to be stiffened. Where a centreline wash bulkhead is fitted, the lowest

strake is to have thickness not less than required for a centreline girder.
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3.2.5.3 Where a longitudinal wash bulkhead supports bottom transverses, the details and arrangements of openings in the bulkhead
are to be configured to avoid areas of high stresses in way of the connection of the wash bulkhead with bottom transverses.

3.2.6 Plate Stems

3.2.6.1 Plate stems are to be supported by stringers and flats, and by intermediate breasthook diaphragms spaced not more than
1500mm apart, measured along the stem. Where the stem radius is large, a centreline support structure is to be fitted.

3.2.6.2 Between the minimum design ballast draught, Thai, at the stem and the scantling draught, 7, the plate stem net thickness,

tsiem-net, 1S NOt to be less than:

23
Ly, |—
9yd
tstem—net = 12 (mm), but need not be taken as greater than 21mm
Where:
L s rule length, Lcsg-7, in m, as defined in Section 4/1.1.1.1, but need not be
taken greater than 300m
Oyd : specified minimum yield stress of the material, in N/mm?

Above the scantling draught the thickness of the stem plate may be tapered to the requirements for the shell plating at the upper deck.
Below the minimum design ballast draught the thickness of the stem plate may be tapered to the requirements for the plate keel.
3.2.7 Floors and Girders in Spaces Aft of the Collision Bulkhead

3.2.7.1 Floors and girders which are aft of the collision bulkhead and forward of the forward cargo tank, are to comply with the

requirements in 3.2.4 and 3.2.5 and are to comply with the shear area requirements in 3.9.3.3.
33 Side Structure

3.3.1 Side Shell Plating

3.3.1.1 The thickness of the side shell plating is to comply with the requirements in 3.9.2.1. Where applicable, the thickness ofthe
side shell plating is to comply with the requirements in 2.2.4.2.

3.3.1.2 Where a forecastle is fitted, the side shell plating requirements are to be applied to the plating extending to the forecastle
deck elevation.

3.3.2 Side Shell Local Support Members

3.3.2.1 Longitudinal framing of the side shell is to be carried as far forward as practicable.

3.3.2.2 The section modulus and thickness of the hull envelope framing is to comply with the requirements in 3.9.2.2 and 3.9.2.3.

3.3.2.3 End connections of longitudinals at transverse bulkheads are to provide adequate fixity, lateral support, and where not
continuous are to be provided with soft-nosed brackets. Brackets lapped onto the longitudinals are not to be used.

3.33 Side Shell Primary Support Structure

3.3.3.1 In general, the spacing of web frames, S as defined in Section 4/2.2.2, is to be taken as:

§=2.6+0.005L, (m), but not to be taken greater than 3.5m

Where:

L> : rule length, Lcsk-7; as defined in Section 4/1.1.1.1, but is not to be taken
greater than 300m

3.3.3.2 In general, the transverse framing forward of the collision bulkhead stringers are to be spaced approximately 3.5m apart.
Stringers are to have an effective span not greater than 10m, and are to be adequately supported by web frame structures. Aft of the
collision bulkhead, where transverse framing is adopted, the spacing of stringers may be increased.
3.3.3.3 Perforated flats are to be fitted to limit the effective span of web frames to not greater than 10m.
3.3.3.4 The scantlings of web frames supporting longitudinal frames, and stringers and/or web frames supporting transverse frames
in the forward region are to be determined from 3.9.3, with the following additional requirements:
(a) where no cross ties are fitted:

+ the required section modulus of the web frame is to be maintained for 60% of the effective span for
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bending, measured from the lower end. The value of the bending moment used for calculation of the
required section modulus of the remainder of the web frame may be appropriately reduced, but not
greater than 20%
+ the required shear area of the lower part of the web frame is to be maintained for 60% of the shear span
measured from the lower end.
(b) where one cross tie is fitted:
+ the effective spans for bending and shear of a web frame or stringer are to be taken ignoring the presence
of the cross tie. The shear forces and bending moments may be reduced to 50% of the values that are
calculated ignoring the presence of the cross ties. For a web frame, the required section modulus and
shear area of the lower part of the web frame is to be maintained up to the cross tie, and the required
section modulus and shear area of the upper part of the web frame is to be maintained for the section
above the cross tie
+ cross ties are to satisfy the requirements of 2.6.8 using the design loads specified in Table 8.3.8.
(c) configurations with multiple cross ties are to be specially considered, in accordance with 3.3.3.4(d)
(d) where complex grillage structures are employed the suitability of the scantlings of the primary support members is to be
determined by more advanced calculation methods.
3.3.3.5 The webdepth of primary support members is not to be less than 14% of the bending span and is to be at least 2.5 times as

deep as the slots for stiffeners if the slots are not closed.
34 Deck Structure

34.1 Deck Plating

3.4.1.1 The thickness of the deck plating is to comply with the requirements in 3.9.2.1 with the applicable lateral pressure, green
sea and deck loads.

34.1.2 (void)

34.2 Deck Stiffeners

3.4.2.1 The section modulus and thickness of deck stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3, with the
applicable lateral pressure, green sea and deck loads.

343 Deck Primary Support Structure

3.43.1 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.

3.4.3.2 The web depth of primary support members is not to be less than 10% and 7% of the unsupported span in bending in tanks
and in dry spaces, respectively, and is not to be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported span
in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage structure, the distance between connections to other
primary support members.

3.4.3.3 In way of concentrated loads from heavy equipment, the scantlings of the deck structure are to be determined based on the
actual loading. See also Section 11/3.

344 Pillars

3.4.4.1 Pillars are to be fitted in the same vertical line wherever possible and effective arrangements are to be made to distribute
the load at the heads and heels ofall pillars. Where pillars supporteccentric loads, they are to be strengthened for the additional bending
moment imposed upon them.

3.4.4.2 Tubular and hollow square pillars are to be attached at their heads and heels by efficient brackets or doublers/insert plates,
where applicable, to transmit the load effectively. Pillars are to be attached at their heads and heels by continuous welding. Atthe heads
and heels of pillars built of rolled sections, the load is to be distributed by brackets or other equivalent means.

3.4.4.3 Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result in tensile stresses in the pillar, the
tensile stress in the pillar and its end connections is not to exceed 45% of the specified minimum yield stress of the material.

3.4.4.4 The scantlings of pillars are to comply with the requirements in 3.9.5.

3.4.4.5 Where the loads from heavy equipment exceed the design load of 3.9.5, the pillar scantlings are to be determined based on
the actual loading.
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35 Tank Bulkheads

3.5.1 General

3.5.1.1 Tanks may be required to have divisions or deep wash plates in order to minimise the dynamic stress on the structure.
3.5.2 Construction

3.5.2.1 Inno case are the scantlings of tank boundary bulkheads to be less than the requirements for watertight bulkheads.
353 Scantlings of Tank Boundary Bulkheads

3.5.3.1 The thickness of tank boundary plating is to comply with the requirements in 3.9.2.1.

3.5.3.2 The section modulus and thickness of stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

3.5.3.3 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.
3.5.3.4 Web plating of primary support members is to have a depth of not less than 14% of the unsupported span in bending, and
not to be less than 2.5 times the depth of the slots if the slots are not closed.

3.5.3.5 Scantlings of corrugated bulkheads are to comply with the requirements in 3.9.4.

3.6 Watertight Boundaries

3.6.1 General
3.6.1.1 Watertight boundaries are to be fitted in accordance with Section 5/2.
3.6.2 Collision Bulkhead

3.6.2.1 The scantlings of structural components of the collision bulkheads are to comply with the requirements in 3.6.3, as

applicable. Additionally, the collision bulkhead is to comply with the requirements in 3.6.2.2 to 3.6.2.4.

i

S

3.6.2.2 The position of the collision bulkhead is to be in accordance with Section 5/2.2.

3.6.2.3 Doors, manholes, permanent access openings or ventilation ducts are not to be cut in the collision bulkhead below the
freeboard deck. Where the collision bulkhead is extended above the freeboard deck, the number of openings in the extension is to
be kept to a minimum compatible with the design and proper working of the ship. The openings are to be fitted with weathertight
closing appliances. The collision bulkhead may be pierced by pipes necessary for dealing with the contents of tanks forward of the
bulkhead, provided the pipes are fitted with valves capable of being operated from above the freeboard deck. The valves are generally
to be fitted on the collision bulkhead inside the fore peak and are not to be fitted inside the cargo tank.

3.6.2.4 Compartments forward of the collision bulkhead may not be arranged for the carriage of flammable liquids.

3.6.3 Scantlings of Watertight Boundaries

3.6.3.1 The thickness of boundary plating is to comply with the requirements in 3.9.2.1.

3.6.3.2 The section modulus and thickness of stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

3.6.3.3 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.

3.6.3.4 Web plating of primary support members is to have a depth of not less than 10% of the unsupported span in bending, and
not to be less than 2.5 times the depth of the slots if the slots are not closed.

3.6.3.5 Scantlings of corrugated bulkheads are to comply with the requirements in 3.9.4.

3.7 Superstructure

3.7.1 Forecastle Structure

3.7.1.1 Forecastle structures are to be supported by girders with deep beams and web frames, and in general, arranged in complete

transverse belts and supported by lines of pillars extending down into the structure below. Deep beams and girders are to be arranged,
where practicable, to limit the spacing between deep beams, web frames, and/or girders to about 3.5m. Pillars are to be provided as

required by 3.4.4. Main structural intersections are to be carefully developed with special attention given to pillar head and heel

connections, and to the avoidance of stress concentrations.

3.7.2 Forecastle End Bulkhead
3.7.2.1 The details and scantlings of the forecastle end bulkhead are to meet the requirements of Section 11/1.4.
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3.8 Miscellaneous Structures

3.8.1 Pillar Bulkheads

3.8.1.1 Bulkheads that support girders, or pillars and longitudinal bulkheads which are fitted in lieu of girders, are to be stiffened
to provide supports not less effective than required for stanchions or pillars. The acting load and the required net cross sectional area
of the pillar section are to be determined using the requirements of 3.4.4. The net moment of inertia of the stiffener is to be calculated
with a width of 40¢,.;, where #,; is the net thickness of plating, in mm.

3.8.1.2 Pillar bulkheads are to comply with the following requirements:

(a) the distance between bulkhead stiffeners is not to exceed 1500mm
(b) where corrugated, the depth of the corrugation is not to be less than 100mm.

3.8.2 Bulbous Bow

3.8.2.1 Where a bulbous bow is fitted, the structural arrangements are to be such that the bulb is adequately supported and
integrated into the fore peak structure.

3.8.2.2 Atthe forward end of the bulb the structure is generally to be supported by horizontal diaphragm plates spaced about 1m
apart in conjunction with a deep centreline web.

3.8.2.3 In general, vertical transverse diaphragm plates are to be arranged in way of the transition from the peak framing to the
bulb framing.

3.8.2.4 In way of a wide bulb, additional strengthening in the form of a centreline wash bulkhead is generally to be fitted.

3.8.2.5 In way of a long bulb, additional strengthening in the form of transverse wash bulkheads or substantial web frames is to be
fitted.

3.8.2.6 The shell plating is to be increased in thickness at the forward end of the bulb and also in areas likely to be subjected to
contact with anchors and chain cables during anchor handling. The increased plate thickness is to be the same as that required for plated
stems given in 3.2.6.

3.8.3 Chain Lockers

3.8.3.1 Chain lockers are to meet the requirements of Section 11/4.2.9.

3.84 Bow Thruster Tunnels

3.8.4.1 The net thickness of the tunnel plating, fus-nes, is not to be less than as required for the shell plating in the vicinity of the
bow thruster. In addition, fyn-rer is not to be taken less than:

tiun—net = 0.008dy,, + 1.8 (mm)
Where:

dun : inside diameter of the tunnel, in mm, but not to be taken less than 970mm

3.8.4.2 Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be effectively secured.
3.9 Scantling Requirements

3.9.1 General

3.9.1.1 The design load sets are to be applied to the structural requirements for the local support and primary support members as
given in Table 8.3.8. The static and dynamic load components are to be combined in accordance with Table 7.6.1 and the procedure
given in Section 7/6.3.

3.9.2 Plating and Local Support Members

3.9.2.1 For plating subjected to lateral pressure, the net plating thickness, #.s, is to be taken as the greatest value calculated for all
applicable design load sets, as given in Table 8.3.8, and given by:

tner = 0.0158a,s (mm)

Ca0yq
Where:
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: correction factor for the panel aspect ratio

Op
=12 - , but not to be greater than 1.0
2100 lp
P : design pressure for the design load set being considered, calculated at
the load calculation point defined in Section 3/5.1.2, in kN/m’
K : stiffener spacing, in mm , as defined in Section 4/2.2
" : length of plate panel, to be taken as the spacing of primary support
members, unless carlings are fitted, in m
Ca : permissible bending stress coefficient for the acceptance criteria set
being considered, as given in Table 8.3.2
Oyd : specified minimum yield stress of the material, in N/mm’
Table 8.3.2  Permissible Bending Stress Coefficient for Plating
Acceptance
o Structural member Ca
criteria set
AClI All plating 0.80
Hull envelope plating 0.95
AC2
Internal boundary plating " 1.00
Note

1. Collision bulkhead plating is to be evaluated for design load set 11 (accidental flooding) using

acceptance criteria set AC1

3.9.2.2 For stiffeners subjected to lateral pressure, the net section modulus, Z.;, is to be taken as the greatest value calculated for

all applicable design load sets, as given in Table 8.3.8, and given by:

[P|slpg g 2 ]
net — (em”)
FbagCsOya
Where:
P : design pressure for the design load set being considered, calculated at
the load calculation point defined in Section 3/5.2.2, in kN/m?
s : stiffener spacing, in mm , as defined in Section 4/2.2
Lyag : effective bending span, as defined in Section 4/2.1.1, in m
frag  : bending moment factor

for continuous stiffeners and where end connections are fitted
consistent with idealisation of the stiffener as having fixed ends
12. for horizontal stiffeners
10. for vertical stiffeners
for other configurations the bending moment factor may be taken as in
Table 8.3.5.
Cs : permissible bending stress coefficient for the acceptance criteria set
being considered, as given in Table 8.3.3

Oyd : specified minimum yield stress of the material, in N/mm’

264



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 8 (February 2015) CIaSSNI(

Table 8.3.3  Permissible Bending Stress Coefficient for Stiffeners
Acceptance
o Structural member Cs
criteria set
ACl1 All stiffeners 0.75
AC2 All stiffeners ) 0.90
Note

1. Collision bulkhead stiffeners are to be evaluated for design load set 11 (accidental

flooding) using acceptance criteria set AC1

3.9.2.3 For stiffeners subjected to lateral pressure, the net web thickness based on shear area requirements, #y-nes, is to be taken as

the greatest value calculated for all applicable design load sets, as given in Table 8.3.8, and given by:

fshr |P|s lshr
Ashr Ct Tyq
Where:

w-net —

P

ﬁhr

lshr
dshr
G

Ta

Oyd

(mm)

: design pressure for the design load set being considered, calculated at
the load calculation point defined in Section 3/5.2.2, in kN/m?
: shear force factor
for continuous stiffeners and where end connections are fitted consistentwith
idealisation of the stiffener as having fixed ends:
0.5 for horizontal stiffeners
0.7 for vertical stiffeners
for other configurations the shear force factor may be taken as in Table 8.3.5.
: stiffener spacing, in mm , as defined in Section 4/2.2
: effective shear span, as defined in Section 4/2.1.2, in m
: effective web depth of stiffeners, in mm, as defined in Section 4/2.4.2.2
: permissible shear stress coefficient for the acceptance criteria set being considered,
as given in Table 8.3.4
_ Jyd

V3

: specified minimum yield stress of the material, in N/mm?

(N/mm?)

Table 8.3.4  Permissible Shear Stress Coefficient for Stiffeners

Acceptance
o Structural member C
criteria set
ACl1 All stiffeners 0.75
AC2 All stiffeners (" 0.90
Note

1. Collision bulkhead stiffeners are to be evaluated for design load set 11 (accidental

flooding) using acceptance criteria set AC1
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Table 8.3.5  Bending Moment and Shear Force Factors, fiz and f-

Bendi hear force f
Load and boundary condition ending momen.t and shear force actor.(based on
load at mid span, where load varies)
Position 1 2 3
Load 1 2 3 Jodg1 Jodg2 Jodgs
model Support Field Support Shr1 - Sshr3
A 12.0 24.0 12.0
0.50 - 0.50
- 14.2 8.0
B
0.38 - 0.63
- 8.0 -
C
0.50 - 0.50
D I
I 0.30 - 0.70
AN 0.20 - 0.80
Note

3.9.3
3931

The bending moment factor f4, for the support positions are applicable for a distance of 0.2/ from the end of the effective

bending span for both local and primary support members.

The shear force factor fs- for the support positions are applicable for a distance of 0.2/, from the end of the effective shear

span for both local and primary support members.

Application of fyq, and fi- for local support members:

(a) the section modulus requirement of local support members is to be determined using the lowest value of figs , frae2 and
frdgs

(b) the shear area requirement of local support members is to be determined using the greatest value of fs; and  fon3.

Application of fyue and fi,- for primary support members:

(a) the section modulus requirement within 0.2/4 from the end of the effective span is generally to be determined using
the applicable fiie; and frae3, however fi4e is not to be taken greater than 12

(b) the section modulus of mid span area is to be determined using fiig =24, O fiig> from the table if lesser

(c) the shear area requirement of end connections within 0.2/, from the end of the effective spanis to be determined using
Jswr = 0.5 or the applicable fu1 or fors, Whichever is greater

(d) for models A through E the value of fg- may be gradually reduced outside of 0.2/ towards 0.5fy- at mid span where
o 1s the greater value of fin and fo3.

For other load models see Table 8.7.1.

Primary Support Members

For primary support members intersecting with or in way of curved hull sections, the effectiveness of end brackets is to

include allowance for the curvature of the hull. For side transverse frames, the requirements may be reduced due to the presence of

cross ties,

see 3.3.3.4.

3.9.3.2 For primary support members subjected to lateral pressure, the net section modulus, Z,e:s50, is to be taken as the greatest

value for all applicable design load sets, as given in Table 8.3.8, and given by:

IPISqg
Zpetso = 1000 ——————— (Cmg)
fbagCs Oya
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Where:

P : design pressure for the design load set being considered, calculated at the
load calculation point defined in Section 3/5.3.3, in kN/m’

S : primary support member spacing, in m, as defined in Section 4/2.2.2

l,e, :effective bending span, as defined in Section 4/2.1.4, in m

frag :bending moment factor, as given in Table 8.3.5

Cs : permissible bending stress coefficient for the acceptance criteria set
being considered, as given in Table 8.3.6

Oyd : specified minimum yield stress of the material, in N/mm?

Table 8.3.6  Permissible Bending Stress Coeftficient for Primary Support Members

Acceptance )
o Structure attached to primary support member Cs
criteria set
AC1 All boundaries, including decks and flats 0.70
AC2 All boundaries, including decks and flats () 0.85

Note
1. Collision bulkhead primary support members are to be evaluated for design load set 11 (accidental

flooding) using acceptance criteria set AC1

3.9.3.3 Forprimary support members subjected to lateral pressure, the effective net shear area, Asur-ness0, is to be taken as the greatest

value for all applicable design load sets, as given in Table 8.3.8, and given by:
fshr IP1S lspy

Ashr-netso= 10 (em?®)
Shr—ne Ct Tyd
Where:
P : design pressure for the design load set being considered, calculated at

the load calculation point defined in Section 3/5.3.2, in kN/m’

S : primary support member spacing, in m, as defined in Section 4/2.2.2
L : effective shear span, as defined in Section 4/2.1.5, in m

Sonr : shear force factor, as given in Table 8.3.5

C : permissible shear stress coefficient for the acceptance criteria set being

considered, as given in Table 8.3.7

: Oyd
B = 22 (Npnm?)
3
Oya  :specified minimum yield stress of the material, in N/mm?

Table 8.3.7  Permissible Shear Stress Coefficient for Primary Support Members

Acceptance .
o Structure attached to primary support member Cy
criteria set
AC1 All boundaries, including decks and flats 0.70
AC2 All boundaries, including decks and flats (" 0.85

Note
1.Collision bulkhead primary support members are to be evaluated for design load set 11 (accidental

flooding) using acceptance criteria set AC1

3.9.3.4 Primary support members are to generally be analysed with the specific methods as described for the particular structure
type. More advanced calculation methods may be necessary to ensure that nominal stress level for all primary support members are

less than the permissible stresses and stress coefficients given in 3.9.3.2 and 3.9.3.3 when subjected to the applicable design load sets.
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394 Corrugated Bulkheads
3.9.4.1 Special consideration will be given to the approval of corrugated bulkheads where fitted.
Guidance Note
Scantling requirements of corrugated bulkheads in the cargo tank region may be used as a basis, see 2.5.6 and 2.5.7.
3.9.5 Pillars
3.9.5.1 The maximum load on a pillar, Wi, is to be taken as the greatest value calculated for all applicable design load sets, as
given in Table 8.3.8, and is to be less than or equal to the permissible pillar load as given by the following equation, where Wpiiperm is
based on the net properties of the pillar.
Wpint = Wpiti—perm

Where:

Win : applied axial load on pillar
=P ba—sup la—sup + Wpill—upr (kN)

Whitt-perm - permissible load on a pillar
Apill-netso Mpill Ocrb

= 10 (kN)

P : design pressure for the design load set being considered, calculated at

centre of the deck area supported by the pillar being considered, in AN/m’

ba-sup : mean breadth of area supported, in m
La-sup :mean length of area supported, in m
Whitupr - axial load from pillar or pillars above, in kN

Api-nerso @ net cross section area of the pillar, in cm?

pill : utilisation factor for the design load set being considered
=0.5 foracceptance criteria set ACI
=0.6 for acceptance criteria set AC2
Ocrb : critical buckling stress in compression of pillar based on the net sectional

properties calculated in accordance with Section 10/3.5.1, in N/mm’

268



Rules for the Survey and Construction of Steel Ships Part CSR-T Section 8 (February 2015) CIaSSNI(

Table 8.3.8  Design Load Sets for Plating, Local Support Members and Primary Support Members

Design
Type of Local Supportand £ Load External Diagrammatic
. Load Set Comment .
Primary Support Member a Component Draught Representation
1 P, Tse
Sea pressure only
2 Pex TS(J
Shell Envelope
> Pin Thal Tank pressure only.
6 P, 0257, Sea pressure to be ignored
External Decks 1 Pex Tse Green sea pressure only %
> Pin Toa Pressure from one
Tank Boundaries and/or | ¢ P, 0257, side only
Watertight Boundaries Full tank with adjacent tank
11 P in-flood - empty
Distributed or concentrated
9 Py Thal
Internal and  External loads only. Adjacent tanks
Decks or Flats empty. Green sea pressure
10 P Thal :
may be ignored
Where:
Tse scantling draught, in m, as defined in Section 4/1.1.5.5
Thal minimum design ballast draught, in m, as defined in Section 4/1.1.5.2
Notes
1. The specification of design load combinations and other load parameters for the design load sets are given in
Table 8.2.8
2. When the ship’s configuration cannot be described by the above, then the applicable Design Load Sets to

determine the scantling requirements of structural boundaries are to be selected so as to specify a full tank on
one side with the adjacent tank or space empty. The boundary is to be evaluated for loading from both sides.
Design Load Sets are to be selected based on the tank or space contents and are to maximise the pressure on the
structural boundary, the draught to use is to be taken in accordance with the Design Load Set and this table.
Design Load Sets covering the S and S+D design load combinations are to be selected. See Note 4 on Table
8.2.7 and Table 8.2.8.

3. The boundaries of void and dry space not forming part of the hull envelope are to be evaluated using Design

Load Set 11. See Note 2.
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4. Machinery Space

4.1 General

4.1.1 Application
4.1.1.1 The requirements of this Sub-Section apply to machinery spaces situated in the aft end region, aft of the aftermost cargo
tank bulkhead and forward of, and including, the aft peak bulkhead.
4.1.1.2 The net scantlings described in this Sub-Section are related to gross scantlings as follows:
(a) for application the minimum thickness requirements of 4.1.5, the gross thickness is obtained from the applicable
requirements by adding the full corrosion additions as specified in Section 6/3.
(b) for plating and local support members, the gross thickness and gross cross sectional properties are obtained from the
applicable requirements by adding the full corrosion additions as specified in Section 6/3.
(c) for primary support members, the gross shear area, gross section modulus and other gross cross sectional properties are
obtained fromthe applicable requirements by adding one half of the relevant full corrosion additions as specified in Section
6/3.
(d) for application of buckling requirements of Section 10/2 the gross thickness and gross cross sectional properties are
obtained from the applicable requirements by adding the full corrosion additions as specified in Section 6/3.
4.1.2 General Scantling Requirements
4.1.2.1 The hull structure is to comply with the applicable requirements of:
(a) hull girder longitudinal strength, see Section 8/1
(b) strength against sloshing and impact loads, see Section 8/6
(c) buckling/ultimate strength, see Section 10.
4.1.2.2 The net section modulus, shear area and other sectional properties of local and primary support members are to be
determined in accordance with Section 4/2.
4.1.2.3 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
section modulus and cross sectional shear areas of the primary support members are to be applied as required in the notes to Table
8.3.5.
4.1.2.4 The scantling criteria are based on assumptions that all structural joints and welded details are designed and fabricated such
that they are compatible with the anticipated working stress levels at the locations considered. The loading patterns, stress
concentrations and potential failure modes of structural joints and details during the design of highly stressed regions are to be
considered. Structure design details are to comply with the requirements in Section 4/3.
4.1.2.5 Limber, drain and air holes are to be cut in all parts ofthe structure, as required, to ensure the free flow to the suction pipes
and the escape of air to the vents. Arrangements are to be made for draining the spaces above tanks. See also Section 4/3.
4.1.3 Structural Continuity
4.1.3.1 Scantlings ofthe shell envelope, upper deck and inner bottom are to be properly tapered towards the aft end. See also 1.6.
4.1.3.2 Suitable arrangements are to be made to ensure continuity of strength and the avoidance of abrupt discontinuities when
structure that contributes to the main longitudinal strength of the ship is omitted in way of the machinery space.
4.1.3.3 Where inner hull or longitudinal bulkhead structures terminate at the forward engine room bulkhead, adequate backing
structure is to be provided together with tapering brackets to ensure continuity of strength.
4.1.3.4 All shell frames and tank boundary stiffeners are to be continuous throughout, or are to be bracketed at their ends, except
as permitted in Sections 4/3.2.4 and 4/3.2.5.
4.1.3.5 Longitudinal primary support members, lower decks, and bulkheads arranged in the engine room are to be aligned with
similar structures in the cargo tank region, as far as practicable. Where direct alignment is not possible, suitable scarphing arrangements
such as taper brackets are to be provided.
4.14 Arrangements

4.1.4.1 Where openings in decks/bulkheads are provided in the machinery space, the arrangements are to ensure support for deck,
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side, and bottom structure.
4.1.42 All parts of the machinery, shafting, etc., are to be supported to distribute the loads into the ship’s structure. The adjacent
structure is to be suitably stiffened.
4.1.43 Primary support members are to be positioned giving consideration to the provision of through stiffeners and in-line pillar
supports to achieve an efficient structural design.
4.1.4.4 These requirements are formulated assuming conventional single screw, single engine propulsion arrangements. Twin-
screw or multi-engine vessels, or vessels of higher power, may require additions to the scantlings of the structure and the area of
attachments, which are proportional to the weight, power and proportions of the machinery especially where the engines are positioned
relatively high in proportion to the width of the bed plate.
4.1.4.5 The foundations for main propulsion units, reduction gears, shaft and thrust bearings, and the structure supporting those
foundations are to maintain the required alignment and rigidity under all anticipated conditions of loading. Consideration is to be given
to the submittal of the following plans to the machinery manufacturer for review:
(a) foundations for main propulsion units
(b) foundations for reduction gears
(c) foundations for thrust bearings
(d) structure supporting (a), (b) and (c).
4.1.4.6 A cofferdam is to be provided to separate the cargo tanks from the machinery space. Pump room, ballast tanks, or fuel oil
tanks may be considered as cofferdams for this purpose.
4.1.5 Minimum Thickness
4.1.5.1 In addition to the requirements for thickness, section modulus and shear area, as given in 4.2 to 4.8, the thickness of plating

and stiffeners in the machinery space is to comply with applicable minimum thickness requirements given in Table 8.4.1.

Table 8.4.1  Minimum Net Thickness of Structure in the Machinery Space

Scantling Location Net Thickness
(mm)
Keel plating See 2.1.5.1
Shell
Bottom shell/bilge/side shell plating See 2.1.5.1
Upper Deck See 2.1.5.1
[Plating Hull internal tank boundaries See 2.1.5.1
Non-tight bulkheads, bulkheads between dry
. See 2.1.5.1
Other structure spaces and other plates in general
Lower decks and flats 3.3+ 0.0067s
Inner bottom 6.5+ 0.02L;
Bottom centreline girder See 2.1.6.1
Floors and bottom longitudinal girders off centreline 55+0.02L;
Web plating of primary support members 5.5+ 0.015 L>
Local support members See 2.1.5.1
Tripping brackets See 2.1.5.1
Where:
L> : rule length, Lcsg-r, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m
K : stiffener spacing, in mm, as defined in Section 4/2.2
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4.2 Bottom Structure

4.2.1 General

4.2.1.1 In general, a double bottom is to be fitted in the machinery space. The depth of the double bottom is to be at least the same
as required in the cargo tank region, see Section 5/3.2.1. Where the depth of the double bottom in the machinery space differs from
that in the adjacent spaces, continuity of the longitudinal material is to be maintained by sloping the inner bottom over a suitable
longitudinal extent. Lesser double bottom height may be accepted in local areas provided that the overall strength of the double bottom
structure is not thereby impaired.

4.2.2 Bottom Shell Plating

4.2.2.1 The keel plate breadth is to comply with the requirements in Section 8/2.2.1.1.

4.2.2.2 The thickness of the bottom shell plating (including keel plating) is to comply with the requirements in 4.8.1.1.

4.2.3 Bottom Shell Stiffeners

4.2.3.1 The section modulus and thickness of bottom shell stiffeners are to comply with the requirements in 4.8.1.2 and 4.8.1.3.

4.2.4 Girders and Floors

4.2.4.1 The double bottom is to be arranged with a centreline girder.

4.2.4.2 Full depth bottom girders are to be arranged in way ofthe main machinery to effectively distribute its weight, and to ensure
rigidity ofthe structure. The girders are to be carried as far forward and aft as practicable, and suitably supported at their ends to provide
distribution of loads from the machinery. The girders are to be tapered beyond their required extent.

4.2.4.3 Where fitted, side girders are to align with the bottom side girders in the adjacent space.

4.2.44 Where the double bottom is transversely framed, plate floors are to be fitted at every frame.

4.2.4.5 Where the double bottom is longitudinally framed, plate floors are to be fitted at every frame under the main engine and
thrust bearing. Outboard of the engine and bearing seatings, the floors may be fitted at alternate frames.

4.2.4.6 Where heavy equipment is mounted directly on the inner bottom, the thickness of the floors and girders is to be suitably
increased.

4.2.5 Inner Bottom Plating

4.2.5.1 Where main engines or thrust bearings are bolted directly to the inner bottom, the net thickness of the inner bottom plating
is to be at least 19mm. Hold-down bolts are to be arranged as close as possible to floors and longitudinal girders. Plating thickness and
the arrangements of hold-down bolts are also to consider the manufacturer’s recommendations.

4.2.6 Sea Chests

4.2.6.1 Where the inner bottom or double bottom structure forms part of a sea chest, the thickness of the plating is not to be less

than that required for the shell at the same location, taking into account the maximum unsupported width of the plating.
4.3 Side Structure

4.3.1 General

4.3.1.1 The scantlings of the side shell plating and longitudinals are to be properly tapered from the midship region towards the aft
end.

4.3.1.2 A suitable scarphing arrangement of the longitudinal framing is to be arranged where the longitudinal framing terminates
and is replaced by transverse framing.

4.3.1.3 Stiffeners and primary support members are to be supported at their ends.

4.3.2 Side Shell Plating

4.3.2.1 The thickness of the side shell plating is to comply with the requirements in 4.8.1.1. Where applicable, the thickness ofthe
side shell plating is to comply with the requirements in 2.2.4.2.
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4.3.3 Side Shell Local Support Members

4.3.3.1 The section modulus and thickness of side longitudinal and vertical stiffeners are to comply with the requirements in 4.8.1.2
and 4.8.1.3.

4.3.3.2 End connections of longitudinals at transverse bulkheads are to provide fixity, lateral support, and when not continuous are
to be provided with soft-nosed brackets. Brackets lapped onto the longitudinals are not to be fitted.

4.3.4 Side Shell Primary Support Members

4.3.4.1 Web frames are to be connected at the top and bottom to members of suitable stiffness, and supported by deck transverses.

4.3.4.2 The spacing of web frames in way of transversely framed machinery spaces is generally not to exceed five transverse frame
spaces.

4.3.4.3 The section modulus and shear area of primary support members are to comply with the requirements in 4.8.2.

4.3.4.4 The web depth is to be not less than 2.5 times the web depth of the adjacent frames if the slots are not closed.

4.3.4.5 Web plating of primary support members is to have a depth of not less than 14% of the unsupported span in bending.

4.4 Deck Structure

4.4.1 General

4.4.1.1 All openings are to be framed. Attention is to be paid to structural continuity. Abrupt changes of shape, section or plate
thickness are to be avoided.

4.4.1.2 The corners of the machinery space openings are to be of suitable shape and design to minimise stress concentrations.

4.4.1.3 In way of machinery openings, deck or flats are to have sufficient strength where they are intended as effective supports
for side transverse frames or web frames.

4.4.1.4 Where a transverse framing system is adopted, deck stiffeners are to be supported by a suitable arrangement of longitudinal
girders in association with pillars or pillar bulkheads. Where fitted, deck transverses are to be arranged in line with web frames to
provide end fixity and transverse continuity of strength.

4.4.1.5 Where a longitudinal framing system is adopted, deck longitudinals are to be supported by deck transverses in line with
web frames in association with pillars or pillar bulkheads.

4.4.1.6 Machinery casings are to be supported by a suitable arrangement of deck transverses and longitudinal girders in association
with pillars or pillar bulkheads. In way of particularly large machinery casing openings, cross ties may be required. These are to be
arranged in line with deck transverses.

4.4.1.7 The structural scantlings are to be not less than the requirement for tank boundaries if the deck forms the boundary of a
tank.

4.4.1.8 The structural scantlings are to be not less than the requirement for watertight bulkheads if the deck forms the boundary of
a watertight space.

4.4.2 Deck Scantlings

4.4.2.1 The plate thickness of deck plating is to comply with the requirements in 4.8.1.1.

4.4.2.2 The section modulus and thickness of deck stiffeners are to comply with the requirements in 4.8.1.2 and 4.8.1.3.

4.4.2.3 The web depth of deck stiffeners is to be not less than 60mm.

4.4.2.4 The section modulus and shear area of primary support members are to comply with the requirements in 4.8.2.

4.4.2.5 The web depth of primary support members is not to be less than 10% and 7% of the unsupported span in bending in tanks
and in dry spaces, respectively, and is not to be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported span
in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage structure the distance between connections to other
primary support members.

4.4.2.6 Inway of concentrated loads from heavy equipment, the scantlings of the deck structure are to be determined based on the

actual loading.
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4.4.3 Pillars

4.4.3.1 Pillars are to be fitted in the same vertical line wherever possible, and effective arrangements are to be made to distribute
the load at the heads and heels ofall pillars. Where pillars supporteccentric loads, they are to be strengthened for the additional bending
moment imposed upon them.

4.4.3.2 Tubular and hollow square pillars are to be attached at their heads and heels by efficient brackets, or doublers/insert plates,
where applicable, to transmit the load effectively. Pillars are to be attached at their heads and heels by continuous welding. Atthe heads
and heels of pillars built of rolled sections, the load is to be distributed by brackets or other equivalent means.

4.4.3.3 In double bottoms under widely spaced pillars, the connections of the floors to the girders, and of the floors and girders to
the inner bottom, are to be suitably increased. Where pillars are not directly above the intersection of plate floors and girders, partial
floors and intercostals are to be fitted as necessary to support the pillars. Manholes are not to be cut in the floors and girders below the
heels of pillars.

4.4.3.4 Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result in tensile stresses in the pillar, the
tensile stress in the pillar and its end connections is not to exceed 45%of the specified minimum yield stress of the material.

4.4.3.5 The scantlings of pillars are to comply with the requirements in 3.9.5.

4.4.3.6 Where the pillar loads from heavy equipment exceed the design load required by 3.9.5, the pillar scantlings are to be

determined based on the actual loading.
4.5 Machinery Foundations

4.5.1 General

4.5.1.1 Main engines and thrust bearings are to be effectively secured to the hull structure by foundations of strength that is
sufficient to resist the various gravitational, thrust, torque, dynamic, and vibratory forces which may be imposed on them.

4.5.1.2 In the case of higher power internal combustion engines or turbine installations, the foundations are generally to be integral
with the double bottom structure. Consideration is to be given to substantially increase the inner bottom plating thickness in way of the
engine foundation plate or the turbine gear case, and the thrust bearing, see Fig. 8.4.1, Type 1.

4.5.1.3 Formain machinery supported on foundations of Type 2, as shown in Fig. 8.4.1, the forces from the engine into the adjacent
structure are to be distributed as uniformly as possible. Longitudinal members supporting the foundation are to be aligned with girders
in the double bottom, and transverse stiffening is to be arranged in line with the floors, see Fig. 8.4.1, Type 2.

4.5.1.4 For ships with open floors in the machinery space, the foundations are generally to be arranged above the level of the top

of the floors and securely bracketed, see Fig. 8.4.1, Type 3.
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Fig. 8.4.1 Machinery Foundations
See Note 1 See Note 1 See Note 1
C—1 C—1

l—

EIpE——
—
4

Seat integral with tank top Seat integral with tank top Built up seat Built up seat
Centre recessed Centre recessed
Type 1 Type 2
See Note 1 See Note 1

e

T——=

Seat with open floors Seat with open floors
Centre recessed

Type 3
Note
1.  Brackets are to be as large as possible. Brackets may be omitted to avoid interference with the girders of the

engine foundation, in accordance with recommendations of the engine manufacturer.

4.5.2 Foundations for Internal Combustion Engines and Thrust Bearings
4.5.2.1 In determining the scantlings of foundations for internal combustion engines and thrust bearings, consideration is to be
given to the general rigidity of the engine and to its design characteristics with regard to out of balance forces.

4.5.2.2 Generally two girders are to be fitted in way of the foundation for internal combustion engines and thrust bearings.
Guidance Note
In general, the gross thickness of foundation top plates is not to be less than 45mm, where the maximum continuous output of
the propulsion machinery is 3500kw or greater.

4.5.3 Auxiliary Foundations

4.5.3.1 Auxiliary machinery is to be secured on foundations that are of suitable size and arrangement to distribute the loads from

the machinery evenly into the supporting structure.

4.6 Tank Bulkheads

4.6.1 General

4.6.1.1 Tanks may be required to have divisions or deep wash plates to minimise the dynamic stress on the structure.

4.6.2 Construction

4.6.2.1 Inno case are the scantlings of tank boundary bulkheads to be less than the requirements for watertight bulkheads.

4.6.3 Scantlings of Tank Boundary Bulkheads

4.6.3.1 The thickness of tank boundary plating is to comply with the requirements in 4.8.1.1.

4.6.3.2 The section modulus and thickness of stiffeners are to comply with the requirements in 4.8.1.2 and 4.8.1.3.

4.6.3.3 The section modulus and shear area of primary support members are to comply with the requirements in 4.8.2.

4.6.3.4 Web plating of primary support members is to have a depth of not less than 14% of the unsupported span in bending and
not less than 2.5 times the depth of the slots if the slots are not closed.
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4.7 Watertight Boundaries

4.7.1 General

4.7.1.1 Watertight boundaries within the machinery space are to be fitted in accordance with Section 5/2.

4.7.2 Scantlings of Watertight Boundaries

4.7.2.1 The thickness of watertight boundary plating is to comply with the requirements in 4.8.1.1.

4.7.2.2 The section modulus and thickness of stiffeners are to comply with the requirements in 4.8.1.2 and 4.8.1.3.

4.7.2.3 The section modulus and shear area of primary support members are to comply with the requirements in 4.8.2.

4.7.2.4 Web plating of primary support members is to have a depth of not less than 10% of the unsupported span in bending and
not less than 2.5 times the depth of the slots if the slots are not closed.

4.8 Scantling Requirements

4.8.1 Plating and Local Support Members

4.8.1.1 For plating subjected to lateral pressure the net plating thickness is to comply with the requirements in 3.9.2.1, but using
the permissible bending stress coefficient, C,, defined in Table 8.4.2.

4.8.1.2 Forstiffeners subjected to lateral pressure the net section modulus requirement is to comply with the requirements in 3.9.2.2,
but using the permissible bending stress coefficient, Cs, defined in Table 8.4.3.

4.8.1.3 For stiffeners subjected to lateral pressure the net web thickness based on shear area requirements is to comply with the

requirements in 3.9.2.3.

Table 8.4.2  Permissible Bending Stress Coefficient for Plating

The permissible bending stress coefficient, Cy, for the design load set being considered is to be taken as:
|Uhg|
Co=Pg —qg — but not to be taken greater than Cp-max
O'yd
Where:
Pa, o, Camax Acceptance
Criteria Set Structural Member L A Ca-max
Longitudinall stiffened
Longitudinal & Y 0.9 0.5 0.8
plating
Strength -
ACI Members Transversely or vertically 0.9 1.0 08
stiffened plating ) ) )
Other members 0.8 0 0.8
Longitudinal | Longitudinally —stiffened |\, 65155 | o5
plating
Strength T " —ll
AC2 Members ransversely —or - vertically 1.05 1.0 0.95
stiffened plating
Other members, including watertight boundary 1.0 0 1.0
plating ) )
o, : hull girder bending stress for the design load set being considered and calculated at the load
’ calculation point defined in Section 3/5.1.2
(z—zna- ) My,_
_ NA-net50’ v—total 10-3 Nimm?
Ly—netso
Mo total : design vertical bending moment at the longitudinal position under consideration for the design
load set being considered, in ANm. The still water bending moment, Msy-perm, is to be taken
with the same sign as the simultaneously acting wave bending moment, M., see Table 7.6.1
Tonetso : net vertical hull girder moment of inertia, at the longitudinal position being considered, as
defined in Section 4/2.6.1, in m’
z : vertical coordinate of the load calculation point under consideration, in m
ZNA-net50 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
ovd : specified minimum yield stress of the material, in N/mm?
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Table 8.4.3  Permissible Bending Stress Coefficient for Stiffeners

The permissible bending stress coefficient Cs is to be taken as:

Sign of Hull Girder Bending . . . L
Side that Pressure is Acting On Acceptance Criteria
Stress, gig
Tension (+ve) Stiffener side C, = fs- ag —l ahgl
O_yd
. . but not to be tak ter th;
Compression (-ve) Plate side winot fo be faken greater fan
C\'—Iﬂﬂl‘
Tension (+ve) Plate side
Cs = Cs-max
Compression (-ve) Stiffener side
Where:
Bs, s, Cssmax  permissible bending stress factors and are to be taken as:
Acceptance
. Structural Member Bs as Cs-max
Criteria Set
ACI Longitudinally effective stiffeners 0.85 1.0 0.75
Other stiffeners 0.75 0 0.75
Longitudinally effective stiffeners 1.0 1.0 0.9
AC2 Other stiffeners 0.9 0 0.9
Watertight boundary stiffeners 0.9 0 0.9
Ohg : hull girder bending stress for the design load set being considered and calculated at the reference point
defined in Section 3/5.2.2.5
(Z—Z NA— ) M, _
_ ( nets0 v—total 10-3 N/mm?
Iy_netso
Mo-total : design vertical bending moment at longitudinal position under consideration for the design load set

being considered, in k\Nm
M0t 18 t0 be calculated in accordance with Table 7.6.1 using the sagging or hogging still water

bending moment

Misy-perm
Stiffener Location Pressure acting on Pressure acting on Stiffener
Plate Side Side

Above Neutral Axis Sagging SWBM Hogging SWBM

Below Neutral Axis Hogging SWBM Sagging SWBM
To-netso : net vertical hull girder moment of inertia, at the longitudinal position being considered, as defined in

Section 4/2.6.1, in m*
z : vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m
ZNA-nets0 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
Ovd : specified minimum yield stress of the material, in Nimm?
4.8.2 Primary Support Members

4.8.2.1 For primary support members intersecting with or in way of curved hull sections, the effectiveness of end brackets is to

include allowance for the curvature of the hull.

4.8.2.2 For primary support members subjected to lateral pressure the net section modulus requirement is to comply with the

requirements in 3.9.3.2.

4.8.2.3 For primary support members subjected to lateral pressure the net cross sectional area of the web is to comply with the
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requirements in 3.9.3.3.
4.8.2.4 Primary support members are to generally be analysed with the specific methods as described for the particular structure
type. More advanced calculation methods may be required to ensure that nominal stress level for all primary support members are less
than permissible stresses and stress coefficients given in 3.9.3.2 and 3.9.3.3 when subjected to the applicable design load sets.
4.8.3 Corrugated Bulkheads
4.8.3.1 Special consideration will be given to the approval of corrugated bulkheads where fitted.
Guidance Note
Scantling requirements of corrugated bulkheads in the cargo tank region may be used as a basis, see 2.5.6 and 2.5.7.
4.8.4 Pillars

4.8.4.1 The maximum load on a pillar is to be less than the permissible pillar load as given by the requirements in 3.9.5.
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S. Aft End

5.1 General

5.1.1 Application
5.1.1.1 The requirements of this Sub-Section apply to structure located between the aft peak bulkhead and the aft end of the ship.
5.1.1.2  The requirements of this Sub-Section do not apply to the following:
(a) rudder horns
(b) structures which are not integral with the hull, such as rudders, steering nozzles and propellers
(c) other appendages permanently attached to the hull.
Where such items are fitted, the requirements of the Society are to be complied with.
5.1.1.3  The net scantlings described in 5.1 to 5.7 are related to gross scantlings as follows:
(a) for application the minimum thickness requirements of 5.1.4, the gross thickness is obtained from the applicable
requirements by adding the full corrosion additions specified in Section 6/3.
(b) for plating and local support members, the gross thickness and gross cross sectional properties are obtained from the
applicable requirements by adding the full corrosion additions specified in Section 6/3
(c) for primary support members, the gross shear area, gross section modulus and other gross cross sectional properties are
obtained from the applicable requirements by adding one half of the relevant full corrosion additions specified in Section
6/3
(d) for application of buckling requirements of Section 10/2 the gross thickness and gross cross sectional properties are
obtained from the applicable requirements by adding the full corrosion additions specified in Section 6/3.
5.1.2 General Scantling Requirements
5.1.2.1 The hull structure is to comply with the applicable requirements of:
(a) hull girder longitudinal strength, see Section 8/1
(b) strength against sloshing and impact loads, see Section 8/6
(c) buckling/ultimate strength, see Section 10.
5.1.2.2  The deck plating thickness and supporting structure are to be suitably reinforced for the steering gear, mooring windlasses,
and other deck machinery. See Section 11/3.
5.1.2.3 The net section modulus, shear area and other sectional properties of local and primary support members are to be
determined in accordance with Section 4/2.
5.1.2.4 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
section modulus and cross sectional shear areas of the primary support members are to be applied as required in the notes to Table
8.3.5.
5.1.2.5 The scantling criteria are based on assumptions that all structural joints and welded details are designed and fabricated such
that they are compatible with the anticipated working stress levels at the locations considered. The loading patterns, stress
concentrations and potential failure modes of structural joints and details during the design of highly stressed regions are to be
considered. Structure design details are to comply with the requirements in Section 4/3.
5.1.2.6 Limber, drain and air holes are to be cut in all parts of the structure, as required, to ensure the free flow to the suction pipes
and the escape of air to the vents. Arrangements are to be made for draining the spaces above deep tanks. See also Section 4/3.
5.1.3 Structural Continuity
5.1.3.1 Scantlings of the shell envelope, upper deck and inner bottom are to be tapered towards the aft end. See also 1.6.
5.1.3.2 In transition zones forward of the aft peak into the machinery space, due consideration is to be given to the tapering of
primary support members.
5.1.3.3 Longitudinal framing of the strength deck is to be carried aft to the stern.
5.1.3.4 All shell frames and tank boundary stiffeners are in general to be continuous, or are to be bracketed at their ends, except as
permitted in Sections 4/3.2.4 and 4/3.2.5.
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5.1.4 Minimum Thickness

5.1.4.1 In addition to the thickness, section modulus and stiffener web shear area requirements as given in 5.2 to 5.7, the thickness

of plating and stiffeners in the aft end region is to comply with the appropriate minimum thickness requirements given in Table 8.5.1.

Table 8.5.1  Minimum Net Thickness of Structure Aft of the Aft Peak Bulkhead

Scantling Location Net Thickness (mm)
Keel plating See 2.1.5.1
Shell
Bottom shell/bilge/side shell plating See 2.1.5.1
Upper Deck See 2.1.5.1
|Plating Hull internal tank boundaries See 2.1.5.1

INon-tight bulkheads, bulkheads between dry|
Other structure ) See 2.1.5.1
spaces and other plates in general

Pillar bulkheads 7.5

IBottom girders and aft peak floors 5.5+0.02L,
(Web plating of primary support members 6.5+ 0.015L1»
|Local support members See 2.1.5.1
Tripping brackets See 2.1.5.1
Where:
Ly : rule length, Lcsg-7 as defined in Section 4/1.1.1.1, but need not be taken greater than 300m

5.2 Bottom Structure

5.2.1 General

5.2.1.1 Floors are to be fitted at each frame space in the aft peak and carried to a height at least above the stern tube. Where floors
do not extend to flats or decks they are to be stiffened by flanges at their upper end.

5.2.1.2 The centreline bottom girder is to extend as far aft as is practicable and is to be attached to the stern frame.

5.2.2 Aft Peak Floors and Girders

5.2.2.1 The height of stiffeners, Ay, on the floors and girders are to be not less than:

hey = 80.0 Ly (mm) , for flat bar stiffeners

har=70.0 Ly (mm) , for bulb profiles and flanged stiffeners
Where:
lsy : length of stiffener as shown in Fig. 8.5.1, in m

5.2.2.2 In conjunction with the requirements of 5.2.2.1, stiffeners are to be provided with end brackets as follows:
(a) brackets are to be fitted at the lower and upper ends when /z; exceeds 4m
(b) brackets are to be fitted at the lower end when Iy, exceeds 2.5m.
Where:
Ly total length of stiffener as shown in Fig. 8.5.1, in m
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Fig. 8.5.1 Stiffening of Floors and Girders in the Aft Peak
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5.2.2.3 Heavy plate floors are to be fitted in way of the aft face of the horn and in line with the webs in the rudder horn. They may
be required to be carried up to the first deck or flat. In this area, cut outs, scallops or other openings are to be kept to a minimum.

5.2.3 Stern Frames

5.2.3.1 Stern frames may be fabricated from steel plates or made of cast steel. For applicable material specifications and steel
grades see Table 6.1.3. Stern frames of other material or construction will be specially considered.

5.2.3.2 Scantlings below the propeller boss on stern frames for single screw vessels are to comply with the requirements in 5.2.3.3
or 5.2.3.4, as applicable.

5.2.3.3 Fabricated stern frames are to satisfy the following criteria:

(@) tgrs 2 2.25/Lesp-r (mm)
(b) wg, =450 (mm)
CrLesr-r >
©) tyrs = - (mm)
2 letn)
1+(Zstn
Wstn Wstn
Where:
s : gross thickness of side plating, in mm
Wstn : width of stern frame, in mm, see Fig. 8.5.2a
Lstn : length of stern frame, in mm, see Fig. 8.5.2a

Lcsg-r :rule length, as defined in Section 4/1.1.1.1
Cr = 9600

5.2.3.4 Caststern frames are to satisfy the following criteria:
(@) t1_grs = 3.0y/Lesp—t (mm), but not to be less than 25mm

(b) ty_grs= 125t _gg  (mm)

1.5
(tl—grs‘l'tz—grs) . CfLCSR—T

2 2
21
2 stn
Wein” [1+ (_Wstn)

©

(mm)

Where:

t,_4rs :gross thickness of casting at end, in mm, see Fig. 8.5.2b
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t,_4rs :gross thickness of casting at mid length, in mm, see Fig. 8.5.2b
Wstn : width of stern frame, in mm, see Fig. 8.5.2b
Lsen : length of stern frame, in mm, see Fig. 8.5.2b
Lesp-r @ rule length, as defined in Section 4/1.1.1.1
Cr = 8400
The thickness of butt welding to shell plating may be tapered below #; with a length of taper that is at least three
times the offset. The castings are to be cored out to avoid large masses of thick material likely to contain defects
and are to maintain a relatively uniform section throughout. Suitable radii are to be provided in way of changes
in section.
5.2.3.5 Above the propeller boss, the scantlings are to be in accordance with 5.2.3.2 to 5.2.3.4 except that in the upper part of the
propeller aperture, where the hull form is full and centreline supports are provided, the thickness may be reduced to 80% of the
applicable requirements in 5.2.3.2 to 5.2.3.4.
5.2.3.6  Where round bars are used at the aft edge of stern frames, their scantlings and connection details are to facilitate welding.
5.2.3.7 Ribs or horizontal brackets of thickness not less than 0.8fgs or 0.8¢;¢s are to be provided at suitable intervals, where #gs
and ?#/.¢s are as defined in 5.2.3.3 and 5.2.3.4. When g5 Or #/.g5 is reduced in accordance with 5.2.3.5, a proportionate reduction in the
thickness of ribs or horizontal brackets may be made.

5.2.3.8 Rudder gudgeons are to be an integral part of the stern frame and are to meet the requirements of the Society.

Fig. 8.5.2 Stern Frame

tgrs

stn

)

stn

a Fabricated
lsfn / 2

stn

b Cast

5.3 Shell Structure

5.3.1 Shell Plating
5.3.1.1 The net thickness of the side shell and transom plating, ., is to comply with the requirements in 3.9.2.1 and is not to be
less than:
tnet = 0.035(L, —42) 4+ 0.009s (mm)

Where:
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L : rule length, Lcsr-1, as defined in Section 4/1.1.1.1, but need not be taken greater than
300m
K : stiffener spacing, in mm, as defined in Section 4/2.2

5.3.1.2 The net plating thickness of shell, %, attached to the stern frame is to comply with the requirements in 3.9.2.1 and is not
to be less than:
tret = 0.094(L, —43) + 0.009s (mm)

Where:

Ly :rule length, Lcsg-r as defined in Section 4/1.1.1.1, but need not be taken
greater than 300m

K : stiffener spacing, in mm, as defined in Section 4/2.2

5.3.1.3 In way of the boss and heel plate, the shell net plating thickness, #:., is not to be less than:
tner = 0.105(L, —47) 4+ 0.011s (mm)

Where:

L s rule length, Lcsg-7 as defined in Section 4/1.1.1.1, but need not be taken
greater than 300m

s : stiffener spacing, in mm, as defined in Section 4/2.2

5.3.1.4 Within the extents specified in 2.2.4.3, the thickness of the side shell plating is to comply with the requirements in 2.2.4.2.

5.3.1.5 Heavy shell plates are to be fitted locally in way of the heavy plate floors as required by 5.2.2.3. Outboard of the heavy
floors, the heavy shell plates may be reduced in thickness in as gradual a manner as practicable. Where the horn plating is radiused into
the shell plating, the radius at the shell connection, r, is not to be less than:

r =150+ 0.8L, (mm)
Where:

L : rule length, Lcsg-r, as defined in Section 4/1.1.1.1, but need not be taken
greater than 300m

5.3.2 Shell Local Support Members

5.3.2.1 The section modulus and thickness of the hull envelope framing are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

5.3.3 Shell Primary Support Members

5.3.3.1 The requirements of 5.3.3 apply to single side skin construction supported by system of vertical webs and/or horizontal
stringers or flats.

5.3.3.2 Where a longitudinal framing system is adopted, longitudinals are to be supported by vertical primary support members
extending from the floors to the upper deck. Deck transverses are to be fitted in line with the web frames.

5.3.3.3 Where a transverse framing system is adopted, frames are to be supported by horizontal primary support members spanning
between the vertical primary support members.

5.3.3.4 The scantlings of web frames supporting; longitudinal framing, stringers and transverse framing are to be determined from
3.9.3.

5.3.3.5 The web depth of primary support members is not to be less than 14% of the bending span and is to be at least 2.5 times as

deep as the slots for stiffeners if the slots are not closed.
5.4 Deck Structure
5.4.1 Deck Plating

5.4.1.1 The thickness of the deck plating is to comply with the requirements in 3.9.2.1.
5.4.1.2 (void)
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5.4.2 Deck Stiffeners

5.4.2.1 The section modulus and thickness of deck stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

543 Deck Primary Support Members

5.4.3.1 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.

5.4.3.2 The web depth of primary support members is not to be less than 10% and 7% of the unsupported span in bending in tanks
and in dry spaces, respectively, and is not to be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported span
in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage structure the distance between connections to other
primary support members.

5.4.3.3 In way of concentrated loads from heavy equipment, the scantlings of the deck structure are to be determined based on the
actual loading. See also Section 11/3.

5.4.4 Pillars

5.4.4.1 Pillars are to be fitted in the same vertical line wherever possible and effective arrangements are to be made to distribute
the load at the heads and heels ofall pillars. Where pillars support eccentric loads, they are to be strengthened for the additional bending
moment imposed upon them.

5.4.4.2 Tubular and hollow square pillars are to be attached at their heads and heels by efficient brackets, or doublers/insert plates,
where applicable, to transmit the load effectively. Pillars are to be attached at their heads and heels by continuous welding. Atthe heads
and heels of pillars built of rolled sections, the load is to be distributed by brackets or other equivalent means.

5.4.43 Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result in tensile stresses in the pillar, the
tensile stress in the pillar and its end connections is not to exceed 45%of the specified minimum yield stress of the material.

5.4.4.4 The scantlings of pillars are to comply with the requirements in 3.9.5.

5.4.4.5 Where the loads from heavy equipment exceed the design load of 3.9.5, the pillar scantlings are to be determined based on
the actual loading.

55 Tank Bulkheads

5.5.1 General

5.5.1.1 Tanks may be required to have divisions or deep wash structures to minimise the dynamic stress on the structure.

5.5.2 Construction

5.5.2.1 Inno case are the scantlings of tank boundary bulkheads to be less than the requirements for watertight bulkheads.

5.5.3 Scantlings of Tank Boundary Bulkheads

5.5.3.1 The thickness of tank boundary plating is to comply with the requirements in 3.9.2.1.

5.5.3.2 The section modulus and thickness of stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

5.5.3.3 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.

5.5.3.4 Web plating of primary support members is to have a depth of not less than 14% of the unsupported span in bending and

not less than 2.5 times the depth of the slots if the slots are not closed.
5.6 Watertight Boundaries

5.6.1 General

5.6.1.1 Watertight boundaries are to be fitted in accordance with Section 5/2.

5.6.1.2 The number of openings in watertight bulkheads is to be kept to a minimum compatible with the design and operation of
the ship. Where penetrations of watertight bulkheads and internal decks are necessary for access, piping, ventilation, electrical cables,
etc., arrangements are to be made to maintain the watertight integrity.

5.6.2 Aft Peak Bulkhead

5.6.2.1 An aft peak bulkhead complying with Section 5/2.3 is to be provided.

5.6.2.2 The scantlings of structural components of the aft peak bulkhead are to comply with the requirements in 5.5 and 5.6.3, as
applicable.
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5.6.3 Scantlings of Watertight Boundaries

5.6.3.1 The thickness of boundary plating is to comply with the requirements in 3.9.2.1.

5.6.3.2 The section modulus and thickness of stiffeners are to comply with the requirements in 3.9.2.2 and 3.9.2.3.

5.6.3.3 The section modulus and shear area of primary support members are to comply with the requirements in 3.9.3.

5.6.3.4 Web plating of primary support members is to have a depth of not less than 10% of the unsupported span in bending and
not less than 2.5 times the depth of the slots if the slots are not closed.

5.7 Miscellaneous Structures

5.7.1 Pillar Bulkheads
5.7.1.1 Bulkheads that support girders, or pillars and longitudinal bulkheads which are fitted in lieu of girders, are to be stiffened
to provide supports not less effective than required for stanchions or pillars. The acting load and the required net cross sectional area
of the pillar section is to be determined using the requirements of 5.4.4. The net moment of inertia of the stiffener is to be calculated
with a width of 40tet of the plating, where et is net plating thickness in mm.
5.7.1.2 Pillar bulkheads are to meet the following requirements:
(a) the distance between bulkhead stiffeners is not to exceed 1500mm
(b) where corrugated, the depth of the corrugation is not to be less than 100mm.
5.7.2 Rudder Trunk
5.7.2.1 The scantlings of the rudder trunk are to be in accordance with the shell plating and framing in 5.3.1 and 5.3.2. Where the
rudder trunk is open to the sea, a seal or stuffing box is to be fitted above the deepest load waterline to prevent water from entering the
steering gear compartment.
5.7.3 Stern Thruster Tunnels
5.7.3.1 The net thickness of the tunnel plating, #un-nes, is not to be less than required for shell plating in the vicinity of the thruster.

In addition #uu-ne: is not to be taken less than:

trun—net = 0.008d,,, + 1.8 (mm)
Where:
dun : inside diameter of the tunnel, in mm, but not to be taken less than 970 mm

5.7.3.2  Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be effectively secured.
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6. Evaluation of Structure for Sloshing and Impact Loads

6.1 General

6.1.1 Application
6.1.1.1 The requirements of this Sub-Section cover the strengthening requirements for localised sloshing loads that may occur in
tanks carrying liquid and local impact loads that may occur in the forward structure. The sloshing and impact loads to be applied in 6.2
to 6.4 are described in Section 7/4.
6.1.1.2 The net scantlings described in this Sub-Section are related to gross scantlings as follows:
(a) for plating and local support members, the gross thickness and gross cross sectional properties are obtained from the
applicable requirements by adding the full corrosion additions specified in Section 6/3
(b) for primary support members, the gross sectional area, gross section modulus and other gross cross sectional properties
are obtained from the applicable requirements by adding one half of the full corrosion additions specified in Section 6/3.
6.1.2 General Scantling Requirements
6.1.2.1 The requirements of 6.2 to 6.4 are to be applied in addition to the applicable requirements in Section 8.
6.1.2.2 Local scantling increases due to impact or sloshing loads are to be made with due consideration given to details and

avoidance of hard spots, notches and other harmful stress concentrations.
6.2 Sloshing in Tanks

6.2.1 Scope and Limitations
6.2.1.1 The requirements of 6.2 specify the scantling requirements for boundary and internal structure of tanks subject to sloshing
loads, as given in Section 7/4.2, due to the free movement of liquid in tanks.
6.2.1.2 The structure of cargo tanks, slop tanks, ballast tanks and large deep tanks, e.g. fuel oil bunkering tanks and main fresh
water tanks, are to be assessed for sloshing. Small tanks do not need to be assessed for sloshing pressures.
6.2.1.3 All cargo and ballast tanks are to have scantlings suitable for unrestricted filling heights.
6.2.1.4 The following structural members are to be assessed:
(a) plates and stiffeners forming boundaries of tanks
(b) plates and stiffeners on wash bulkheads
(c) web plates and web stiffeners of primary support members located in tanks
(d) tripping brackets supporting primary support members in tanks.
6.2.1.5 For tanks with effective sloshing breadth, by, greater than 0.56B or effective sloshing length, /g, greater than 0.13Lcsr-7,
an additional sloshing impact assessment is to be carried out in accordance with the Society’s procedures. The effective sloshing length,
Lyn, and breadth, by, are defined in Section 7/4.2.2 and Section 7/4.2.3 respectively.
6.2.2 Application of Sloshing Pressure
6.2.2.1 The following tanks are to be assessed for the design sloshing pressures Py-ing and Py, in accordance with 6.2.2.2 to
6.2.2.5:
(a) cargo and slop tanks
(b) fore peak and aft peak ballast tanks
(c) other tanks which allow free movement of liquid, except as follows:
+ where the effective sloshing length is less than 0.03Lcsr-7, calculations involving Pgi-ing are not required and where the
effective sloshing breadth is less than 0.32B, calculations involving Pg.; are not required.
The design sloshing pressure for other tanks mentioned in 6.2.1.2 is to be taken as the minimum sloshing pressure, Pyij-min, as defined
in Section 7/4.2.4.
6.2.2.2 The design sloshing pressure due to longitudinal liquid motion, Pgy-img, as defined in Section 7/4.2.2.1 is to be applied to

the following members as shown in Fig. 8.6.1:
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transverse tight bulkheads

transverse wash bulkheads

stringers on transverse tight and wash bulkheads

plating and stiffeners on the longitudinal bulkheads, deck and inner hull which are between the transverse bulkhead and
the first web frame from the bulkhead or the bulkhead and 0.25/;, whichever is lesser.

In addition to 6.2.2.2, the first web frame next to a transverse tight or wash bulkhead if the web frame is located within

0.25Islh from the bulkhead, as shown in Fig. 8.6.1, is to be assessed for the web frame reflected sloshing pressure, Py, as defined in
Section 7/4.2.2.5.

6.2.2.4

The minimum sloshing pressure, Pg-min, as defined in Section 7/4.2.4 is to be applied to all other members.

Fig. 8.6.1 Application of Sloshing Loads due to Longitudinal Liquid Motion
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The design sloshing pressure due to transverse liquid motion, Pgy.; as defined in Section 7/4.2.3.1, is to be applied to the

following members as shown in Fig. 8.6.2:

(@
(b)
©
(d)

6.2.2.6

longitudinal tight bulkhead

longitudinal wash bulkhead

horizontal stringers on longitudinal tight and wash bulkheads

plating and stiffeners on the transverse tight bulkheads including stringers and deck which are between the longitudinal
bulkhead and the first girder from the bulkhead or the bulkhead and 0.25 b4, whichever is lesser.

In addition to 6.2.2.5, the first girder next to longitudinal tight or wash bulkhead if the girder is located within 0.25b, from

the longitudinal bulkhead, as shown in Fig. 8.6.2, is to be assessed for the reflected sloshing pressure, Ps.grq as defined in Section

7/4.2.3.5.
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Fig. 8.6.2 Application of Sloshing Loads due to Transverse Liquid Motion
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6.2.2.7 The minimum sloshing pressure, Pyii-min, as defined in Section 7/4.2.4, is to be applied to all other members.
6.2.2.8 The sloshing pressures due to transverse and longitudinal fluid motion are assumed to act independently. Structural

members are therefore to be evaluated based on the greatest sloshing pressure due to longitudinal and transverse fluid motion.

6.2.3 Sloshing Assessment of Plating Forming Tank Boundaries and Wash Bulkheads
6.2.3.1 The net thickness of plating forming tank boundaries and wash bulkheads, #.:, subjected to sloshing pressures is not to be
less than:
Psin
tpee = 0.0158a,s |[— (mm)
a%yd
Where:
o : correction factor for the panel aspect ratio
s
=12-—]—— but not to be taken as greater than 1.0
2100 lp
s : stiffener spacing, in mm, as defined in Section 4/2.2
I, : length of plate panel, to be taken as the spacing of primary support members, S, unless

carlings are fitted, in m
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P : the greater of Ps Psipt ot Psipmin as SpeCiﬁed in 6.2.2

lh—Ing’
Ca : permissible plate bending stress coefficient as given in Table 8.6.1
Oyd : specified minimum yield stress of the material, in N/mm’
6.2.4 Sloshing Assessment of Stiffeners on Tank Boundaries and Wash Bulkheads

6.2.4.1 The net section modulus, Z,., of stiffeners on tank boundaries and wash bulkheads subjected to sloshing pressures is not
to be less than:

2
Psin S lpdag

_ ot o049 3
Znet = fbdg Cs oya (em?)
Where:
Lyag : effective bending span, of stiffener, as defined in Section 4/2.1, in m
Cs : permissible bending stress coefficient as given in Table 8.6.2
Pan : the greater of P,_,,, Psin-t OF Psn-min as specified in 6.2.2
s : stiffener spacing, in mm, as defined in Section 4/2.2
Ovd : specified minimum yield stress of the material, in N/mm’
frag : bending moment factor

=12 for stiffeners fixed against rotation at each end. This is generally
to be applied for scantlings of all continuous stiffeners

=8  for stiffeners with one or both ends not fixed against rotation.
This is generally to be applied to discontinuous stiffeners for other
configurations the bending moment factor may be taken as given in
Table 8.3.5

6.2.5 Sloshing Assessment of Primary Support Members
6.2.5.1 Web plating, web stiffeners and tripping brackets on stringers, girders and web frames in cargo and ballast tanks are to be
assessed based on sloshing pressures as given in 6.2.2.

6.2.5.2 The web plating net thickness of primary support members, #:.es, is not to be less than:

tnee = 00158 a,s Fsth (mm)
a%yd
Where:
ap : correction factor for the panel aspect ratio
=1.2- ﬁ but not to be taken as greater than 1.0

s : stiffener spacing, in mm, as defined in Section 4/2.2

by : length of plate panel, mean spacing between local support members on
the long edges of the panel, typically between tripping brackets, in m

P : the greater of Py, .0 Point Psthws Pyp_gra O Psth-min a8 specified in 6.2.2.
The pressure is to be calculated at the load application point, defined in
Section 3/5.1.2, taking into account the distribution over the height of the
member, as shown in Fig. 8.6.1

Ca : permissible plate bending stress coefficient as given in Table 8.6.1

Oyd : specified minimum yield stress of the material, in N/mm?

6.2.5.3 The net section modulus, Z,., of each individual stiffener on the web plating of primary support members subjected to
sloshing pressures is not to be less than:

2
Psin S lpdag

3
net (cm?)

frag Cs oya
Where:
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P - the greater of Pyy_yng Psit- Psin-wp Pyp_grq O Psth-min as specified in 6.2.2.

The pressure is to be calculated at the load application point taking into

account the distribution over the height of the member, as shown in Figs. 8.6.1 and 8.6.2.

s : stiffener spacing, in mm, as defined in Section 4/2.2

Lyag : effective bending span, in m, of web stiffener as defined in Section 4/2.1
Cs : permissible bending stress coefficient as given in Table 8.6.2

foag : bending moment factor

=12 for stiffeners fixed against rotation at each end.
This is generally to be applied for scantlings of all continuous stiffeners
=8 for stiffeners with one or both ends not fixed against rotation.
This is generally to be applied to discontinuous stiffeners for other
configurations the bending moment factor may be taken as given in
Table 8.3.5

Oyd - specified minimum yield stress of the material, in N/mm?

6.2.5.4 The net section modulus, Z,.., in way of the base of tripping brackets supporting primary support members in cargo and

ballast tanks is not to be less than:

2
1000 Psip Strip lirip

A = o’
et 2o oye (cm)

Where:

Py, :the greater of Py, .0, Psint, Psinwpy, Pyp_grq @0d Psnmin as defined in 6.2.2. The
average pressure may be calculated at mid point of the tripping bracket taking
into account the distribution as shown in Figs. 8.6.1 and 8.6.2

Strip :mean spacing, between tripping brackets or other primary support members
or bulkheads, in m

liip : length of tripping bracket, see Fig. 8.6.3, in m

Cs : permissible bending stress coefficient for tripping brackets
=0.75
Ovd - specified minimum yield stress of the material, in N/mm?

6.2.5.4bis The effective breadth of the attached plate to be used for calculating the section modulus of the tripping bracket
supporting primary support members is to be taken as 1/3 the length of the tripping bracket, /rip, as given in 8/6.2.5.4.

6.2.5.5 The net shear area, Agir--ner, after deduction of cut-outs and slots, of tripping brackets supporting primary support members
in cargo and ballast tanks is not to be less than:

Psin Strip lerip

- 2
Ashr—net - C (cm )
tTyd
Where:
P : the greater of Pyj_yng Pstitr Pstiwss Pyp_grq and Psih-min as defined in 6.2.2.

The average pressure may be calculated at mid point of the tripping bracket taking into
account the distribution as shown in Figs. 8.6.1 and 8.6.2
Strip : mean spacing, between tripping brackets or other primary support
members or bulkheads, in m

lirip - length of tripping bracket, see Fig. 8.6.3, in m

C : permissible shear stress coefficient, as given in Table 8.6.3
o
Tod yd
; =—= (N/mm?
3 )
Oyd : specified minimum yield stress of the material, in N/mm?
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Fig. 8.6.3 Effective Length of Tripping Bracket

Table 8.6.1  Allowable Plate Bending Stress Coefficient, C,, for Assessment of Sloshing on Plates

The permissible bending stress coefficient for the design load set being considered is to be taken as:

Ohg
C, =Ly a, [ but not to be taken greater than Co_max
o
yd
Where:

QA Pa, Ca-max  permissible bending stress factors and are to be taken as follows

Acceptance
o Structural Member B da | Camax
Criteria Set

Longitudinal strength members in the

Longitudinally
cargo tank region including but not | (ep.aq plating 0.9 0.5 0.8
limited to:
deck

longitudinal plane bulkhead Transversely  or

vertically 0.9 1.0 0.8
stiffened plating

horizontal ~ corrugated longitudinal
bulkhead

longitudinal irders and stringers
ACI g g g

within the cargo tank region

Other strength members including:
vertical corrugated longitudinal bulkhead
transverse plane bulkhead

transverse corrugated bulkhead 0.8 0 0.8
transverse stringers and web frames

plating of tank boundaries and primary support members

outside the cargo tank region

Ong : hull girder bending stress for the design load set being considered and calculated at the load calculation

point defined in Section 3/5.1.2

_ ((Z_ZNA—netSO) Mgy —perm —sea ) 10-3 (N/mm?)
Iy —netso
z : vertical coordinate of the load calculation point under consideration, in m
ZNA-net50 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
Msyw-perm-sea : permissible hull girder hogging and sagging still water bending moment for seagoing operation at the

location being considered, in kNm. The greatest of the sagging and hogging bending moment is to be
used, see Section 7/2.1.

Ly-netso :net vertical hull girder moment of inertia, at the longitudinal position being considered, as defined in
Section 4/2.6.1, in m?

Ovd : specified minimum yield stress of the material, in N/mm?
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Table 8.6.2  Allowable Bending Stress Coefficient, C;, for Assessment of Sloshing on Stiffeners

The permissible bending stress coefficient for the design load set being considered is to be taken as:
C, = fBs- ay @ but not to be taken greater than Cs-max
Oyd
Where:
s, Bs, Cs-max : permissible bending stress factors and are to be taken as follows
Acceptance
Criteria Set Structural Member Ps ay Cs-max
Longitudinal strength members in the Longitudinal
cargo tank region including but not | (iiereners 0.85 1.0 0.75
limited to:
deck stiffeners
stiffeners on longitudinal bulkheads Transverse or 0.7 0 0.7
stiffeners on longitudinal girders and vertical stiffeners
ACt stringers within the cargo tank region
Other strength members including:
stiffeners on transverse bulkheads
stiffeners on transverse stringers and web frames 0.75 0 0.75
stiffeners on tank boundaries and primary support members
outside the cargo tank region
Ohg : hull girder bending stress for the design load set being considered at the reference point defined in Section
3/5.2.2.5
_ ((Z_ZNA—netSO) Mgy —perm—sea ) 10-3 Nmnr?)
Ly —netso
z : vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m
ZNA-nets0 : distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m
Miy-perm-sea : permissible hull girder hogging and sagging still water bending moment for seagoing operation at the location
being considered, in kNm.
Misy-perm-sea
Stiffener Location Pressure acting on Pressure acting on
Plate Side Stiffener Side
Above Neutral Axis Sagging SWBM Hogging SWBM
Below Neutral Axis Hogging SWBM Sagging SWBM
Ly-neis0 : net vertical hull girder moment of inertia, at the longitudinal position being considered, as defined in Section
4/2.6.1, in m*
Oyd - specified minimum yield stress of the material, in N/mm?
Table 8.6.3  Permissible Shear Stress Coefficient
Acceptance Criteria
Set Structural member C
AC1 Tripping brackets 0.75
6.3 Bottom Slamming
6.3.1 Application

6.3.1.1 Where the minimum draughts forward, Trp., or Trp-su, as specified in Section 7/4.3.2.1, is less than 0.045L csr-7, the bottom

forward is to be additionally strengthened to resist bottom slamming pressures.
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6.3.1.2 The draughts for which the bottom has been strengthened are to be indicated on the shell expansion plan and loading
guidance information, see 1.1.

6.3.1.3 The scantlings described in 6.3 are net scantlings, which are related to gross scantlings as described in 6.1.1.2. The section
modulus and shear area of the primary support members is to be determined as specified in Section 4/2.5.

6.3.1.4 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
cross sectional shear areas of primary support members are to be applied as required by 6.3.7.3 and 6.3.7.4.

6.3.2 Extent of Strengthening

6.3.2.1 The strengthening is to extend forward of 0.3Lcsz-7 from the F.P. over the flat of bottom and adjacent plating with attached
stiffeners up to a height of 500mm above the baseline, see Fig. 8.6.4.

Fig. 8.6.4 Extent of strengthening against bottom slamming

Area of 500mm
strengthening i

\\ o o

41

0.3Lcsr-r

6.3.2.2 Outside the region strengthened to resist bottom slamming the scantlings are to be tapered to maintain continuity of
longitudinal and/or transverse strength.

6.3.3 Design to Resist Bottom Slamming Loads

6.3.3.1 The design of end connections of stiffeners in the bottom slamming region is to ensure end fixity, either by making the
stiffeners continuous through supports or by providing end brackets complying with Section 4/3.2.3. Where it is not practical to comply

with this requirement the net plastic section modulus, Zy.ai-nes, for alternative end fixity arrangements is not to be less than:

1GZpl—net 3
Zpl—alt—net =-_ (Cm )
Ip dg

Where:
Zpiner  : met plastic section modulus, in ¢m®, as required by 6.3.5.1

frag ~ :bending moment factor

=8(1+%)

ng 0 for both ends with low end fixity (simply supported)

1 for one end equivalent to built in and one end simply supported

6.3.3.2 Scantlings and arrangements at primary support members, including bulkheads, are to comply with 6.3.7.
6.3.4 Hull Envelope Plating
6.3.4.1 The net thickness of the hull envelope plating, #., is not to be less than:

0.0158ap s | Pgm
tnet = (mm)

Ca Ca0ya
Where:
ap : correction factor for the panel aspect ratio

s
=1.2- but not to be taken as greater than 1.0
21001,

s : stiffener spacing, in mm, as defined in Section 4/2.2
b, s length of plate panel, to be taken as the spacing between primary

support members (see Section 4/2.2.2) or panel breakers, in m
Py : bottom slamming pressure as given in Section 7/4.3 and calculated at

the load calculation point defined in Section 3/5.1.2, in kN/m’
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Cu : plate capacity correction coefficient
=13
Ca : permissible bending stress coefficient

= 1.0 for acceptance criteria set AC3

Oyd : specified minimum yield stress of the material, in N/mm?

6.3.5 Hull Envelope Stiffeners

6.3.5.1 The net plastic section modulus, Z,..;, of each individual stiffener, is not to be less than:

2
Psim Slpag

Zpl-net = (cm?)
peme e f bdg Cs Oyd
Where:
Pim : bottom slamming pressure as given in Section 7/4.3 and calculated at the load

calculation point defined in Section 3/5.2.2, in kN/m’

s : stiffener spacing, in mm, as defined in Section 4/2.2
Lyag : effective bending span, as defined in Section 4/2.1.1, in m
frag - bending moment factor
nS
=8(1+ 7)
ng = 2.0 for continuous stiffeners or where stiffeners are bracketed at both ends

see 6.3.3.1 for alternative arrangements
Cs : permissible bending stress coefficient
= 0.9 for acceptance criteria set AC3

Oyd - specified minimum yield stress of the material, in N/mm?

6.3.5.2 The net web thickness, #-xer, 0f €ach longitudinal is not to be less than:
; Psim Slshr (mm)
net= . . mm
wonet 2dsprCe Tya

Where:

Lsnr : effective shear span, as defined in Section 4/2.1.2, in m
s : stiffener spacing, in mm, as defined in Section 4/2.2
Py, : bottom slamming pressure as given in Section 7/4.3 and calculated at the
load calculation point defined in Section 3/5.2.2, in kN/m’
dshr : effective web depth of stiffener, in mm, as defined in Section 4/2.4.2.2
Cy : permissible shear stress coefficient
= 1.0 for acceptance criteria set AC3
5 _%vd
V3

Oyd : specified minimum yield stress of the material, in N/mm?

(N/mm?)

6.3.5.3 The slenderness ratio of each longitudinal is to comply with Section 10/2.
6.3.6 Definition of Idealised Bottom Slamming Load Area for Primary Support Members
6.3.6.1 The scantlings of items in 6.3.7 are based on the application of the slamming pressure defined in Section 7/4.3 to an

idealised area of hull envelope plating, the slamming load area, 4, given by:
1.1LCSR_TB Cb

A =
stm 1000
Where:

(m?)

Lesg-r @ rule length, as defined in Section 4/1.1.1.1
B : moulded breadth, in m, as defined in Section 4/1.1.3.1
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Cp : block coefficient, as defined in Section 4/1.1.9.1

6.3.7 Primary Support Members
6.3.7.1 The size and number of openings in web plating of the floors and girders is to be minimised considering the required shear

area as given in 6.3.7.2.

6.3.7.2 The net shear area, Asir-ners0, of each primary support member web at any position along its span is not to be less than:

Osim
Aghr—netso= 10 (sz)
CeTyg
Where:
Qsim : the greatest shear force due to slamming for the position being considered, in kN, based on the

application of a patch load, Fyu» to the most onerous location, as determined in accordance with
6.3.7.3

C : permissible shear stress coefficient
= 0.9 for acceptance criteria set AC3

Tyd _ Oyd
A

Oyd - specified minimum yield stress of the material, in N/mm?

(N/mm?)

6.3.7.3 For simple arrangements of primary support members, where the grillage affect may be ignored, the shear force, Qsm, is

given by:
Qsim = fptfdisthlm (kN)

Where:
o : Correction factor for the proportion of patch load acting on a single primary support member

= 0'5(f51m3 - 2fslm2 + 2)
Ssim : patch load modification factor

bsim
=0.5 , but not to be greater than 1.0

Sdist : factor for the greatest shear force distribution along the span, see Fig. 8.6.5
Fim =Psim lsim bsim
Psim : bottom slamming pressure as given in Section 7/4.3 and calculated at the

load calculation point defined in Section 3/5.3.2, in kN/m’

Lsim : extent of slamming load area along the span
= JAgm m, but not to be greater than

Linr : effective shear span, as defined in Section 4/2.1.5, in m

bsm  :breadth of impact area supported by primary support member
= JAgm m, but not to be greater than S

Asm - as defined in 6.3.6.1

S : primary support member spacing, in m, as defined in Section 4/2.2.2
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Fig. 8.6.5 Distribution of fis along the Span of Simple Primary Support Members
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Where:
K : stiffener spacing
Lo : effective shear span, in m, as defined in Section 4/2.1.5

6.3.7.4 For complex arrangements of primary support members, the greatest shear force, Qm, at any location along the span of

each primary support member is to be derived by direct calculation in accordance with Table 8.6.4.

Model extent

Table 8.6.4  Direct Calculation Methods for Derivation of Qgim
Type of analysis Beam theory Double bottom grillage
Longitudinal extent to be one cargo tank
Overall span of member between | length

effective bending supports Transverse extent to be between inner

hopper knuckle and centreline

Floors and girders to be fixed at

Assumed end fixity of floors Fixed at ends

boundaries of the model

Note
1. The envelope of greatest shear force along each primary support member is to be derived by applying the load patch

to a number of locations along the span, see 6.3.7.2.
6.3.7.5 The net web thickness, #y-ner, 0f primary support members adjacent to the shell is not to be less than:

byw—net = % 235
Where:

Sw : plate breadth, in mm, taken as the spacing between the web stiffening

Oyd : specified minimum yield stress of the material, in N/mm?

6.3.8 Connection of Longitudinals to Primary Support Members
6.3.8.1 Longitudinals are, in general, to be continuous. Where this not practicable end brackets complying with Section 4/3.2.3 are
to be provided.

6.3.8.2 The scantlings in way of the end connections of each longitudinal are to comply with the requirements of Section 4/3.4.
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6.4 Bow Impact

6.4.1 Application

6.4.1.1 The side structure in the area forward of 0.1Lcsz-r from the F.P. is to be strengthened against bow impact pressures.

6.4.1.2 The scantlings described in 6.4 are net scantlings, which are related to gross scantlings as described in 6.1.1.2.

6.4.1.3 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
section modulus of the primary support member is to apply along the bending span clear of end brackets and cross sectional areas of
the primary support member is to be applied at the ends/supports and may be gradually reduced along the span and clear of the
ends/supports following the distribution of fzs indicated in Fig. 8.6.5.

6.4.2 Extent of Strengthening

6.4.2.1 The strengthening is to extend forward of 0.1Lcsz-7 from the F.P. and vertically above the minimum design ballast draught,
Thai, defined in Section 4/1.1.5.2. See Fig. 8.6.6.

Fig. 8.6.6 Extent of Strengthening Against Bow Impact

Ares of
\ strengthening

} T

]

0.1Lpgpp 011

6.4.2.2 Outside the strengthening region as given in 6.4.2.1 the scantlings are to be tapered to maintain continuity of longitudinal
and/or transverse strength.

6.4.3 Design to Resist Bow Impact Loads

6.4.3.1 In the bow impact region, longitudinal framing is to be carried as far forward as practicable.

6.4.3.2 The design of end connections of stiffeners in the bow impact region are to ensure end fixity, either by making the stiffeners
continuous through supports or by providing end brackets complying with Section 4/3.2.3. Where it is not practical to comply with
this requirement the net plastic section modulus, Z,.qi-ner, for alternative end fixity arrangements is not to be less than:

16Zpl—netf

— 3
Zpl—alt—net = (em?)

b dg
Where:

Zpiner  : effective net plastic section modulus, required by 6.4.5, in cm’

frag - bending moment factor
— nS
=8(1+3)

ng = 0 for both ends with low end fixity (simply supported)

= 1.0 for one end equivalent to built in and one end simply supported

6.4.3.3 Scantlings and arrangements at primary support members, including decks and bulkheads, are to comply with 6.4.7. In
areas of greatest bow impact load the adoption of web stiffeners arranged perpendicular to the hull envelope plating and the provision
of double sided lug connections are, in general to be applied.

6.4.3.4 The main stiffening direction of decks and bulkheads supporting shell framing is to be arranged parallel to the span direction
of the supported shell frames, to protect against buckling.

6.4.4 Side Shell Plating

6.4.4.1 The net thickness of the side shell plating, #:;, is not to be less than:
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P;
tnet = 00158 a,s |[— (mm)

a%yd
Where:
ap : correction factor for the panel aspect ratio

S
=12-—""" but is not to be taken as greater than 1.0

21001,
s : stiffener spacing, in mm, as defined in Section 4/2.2
by : length of plate panel, to be taken as the spacing between the primary

support members, see Section 4/2.2.2, or panel breakers, in m
Pin : bow impact pressure as given in Section 7/4.4 and calculated at the
load calculation point defined in Section 3/5.1.2, in kN/m’
Ca : permissible bending stress coefficient
= 1.0 for acceptance criteria set AC3

Oyd : specified minimum yield stress of the material, in N/mm?

6.4.5 Side Shell Stiffeners
6.4.5.1 The effective net plastic section modulus, Z,..er, of each stiffener, in association with the effective plating to which it is

attached, is not to be less than:

Zpl—net = M (cm’)
FbagCsoyd
Where:
Pin : bow impact pressure as given in Section 7/4.4 and calculated at the

load calculation point defined in Section 3/5.2.2, in kN/m’

N : stiffener spacing, in mm, as defined in Section 4/2.2
l,q, :effective bending span, as defined in Section 4/2.1.1, in m
frag  :bending moment factor
nS
=8(1+ 7)
s = 2.0 for continuous stiffeners or where stiffeners are bracketed at both ends

see 6.4.3.2 for alternative arrangements
Cs : permissible bending stress coefficient
= 0.9 for acceptance criteria set AC3

Oyd - specified minimum yield stress of the material, in N/mm?

6.4.5.2 The net web thickness, #,-ner, of each stiffener is not to be less than:
Pim Slshr

ty,_ = mm
w—net sthrCtTyd ( )

Where:

I :effective shear span, as defined in Section 4/2.1.2, in m
N : stiffener spacing, in mm, as defined in Section 4/2.2
Py :bow impact pressure as given in Section 7/4.4 and calculated at the
load calculation point defined in Section 3/5.2.2, in kN/m’
dgr  :effective web depth of stiffener, in mm, as defined in Section 4/2.4.2.2
C : permissible shear stress coefficient
= 1.0 for acceptance criteria set AC3

Tyd _ Oyd

=3 (N/mm?)
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oy :specified minimum yield stress of the material, in N/mm?

6.4.5.3 The slenderness ratio of each longitudinal is to comply with Section 10/2.
6.4.5.4 The minimum net thickness of breasthooks/diaphragm plates, #-nes, is not to be less than:
S Oyd
y
tw—net = % 235 (mm)

Where:

s : spacing of stiffeners on the web, as defined in Section 4/2.2, in mm.
Where no stiffeners are fitted s is to be taken as the depth of the web

oya  :specified minimum yield stress of the material, in N/mm?

6.4.6 Definition of Idealised Bow Impact Load Area for Primary Support Members
6.4.6.1 The scantlings of items in 6.4.7 are based on the application of the bow impact pressure, as defined in Section 7/4.4, to an

idealised area of hull envelope plating, where the bow impact load area, Asm, is given by:
1.1L¢csr-1BCh
1000

Where:

Lesg-r @ rule length, as defined in Section 4/1.1.1.1

B : moulded breadth, in m, as defined in Section 4/1.1.3.1
Cp : block coefficient, as defined in Section 4/1.1.9.1
6.4.7 Primary Support Members

6.4.7.1 Primary support members in the bow impact region are to be configured to ensure effective continuity of strength and the
avoidance of hard spots.
6.4.7.2 To limit the deflections under extreme bow impact loads and ensure boundary constraint for plate panels, the spacing, S,
measured along the shell girth of web frames supporting longitudinal framing or stringers supporting transverse framing is not to be
greater than:
S§'=3+0.008L; (m)

Where:

L : rule length, Lcsg-r, as defined in Section 4/1.1.1.1, but not to be taken
greater than 300m

6.4.7.3 End brackets of primary support members are to be suitably stiffened along their edge. Consideration is to be given to the
design of bracket toes to minimise abrupt changes of cross-section.

6.4.7.4 Tripping arrangements are to comply with Section 10/2.3.3. In addition, tripping brackets are to be fitted at the toes of end
brackets and at locations where the primary support member flange is knuckled or curved.

6.4.7.5 The net section modulus of each primary support member, Z,ess0, is not to be less than:

2
fbdg—ptpim bsimfsim lbdg

Znetso = 1000 (em’)

fpdag CsOyd
Where:

f; bag—pt - correction factor for the bending moment at the ends and considering the

patch load
= 3fam’ ~ 8fsum” + 6fsm
Ssim : patch load modification factor
_ i
lpag
Lsim s extent of bow impact load area along the span
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= JAgm (m), butnotto be taken as greater than lpq,
Agsim : bow impact load area, in m?, as defined in 6.4.6.1
lyag : effective bending span, as defined in Section 4/2.1.4, in m
Pin : bow impact pressure as given in Section 7/4.4 and calculated at the load

calculation point defined in Section 3/5.3.1, in kN/m’
bsim : breadth of impact load area supported by the primary support member,
to be taken as the spacing between primary support members as defined
in Section 4/2.2.2, but not to be taken as greater than /g, in m
f; bdg : bending moment factor
= 12 for primary support members with end fixed continuous face
plates, stiffeners or where stiffeners are bracketed in accordance

with Section 4/3.3 at both ends

Cs : permissible bending stress coefficient
= 038
Oyd : specified minimum yield stress of the material, in N/mm?

6.4.7.6 The net shear area of the web, Agir-ness0, 0f €ach primary support member at the support/toe of end brackets is not to be less
than:
5fptPim bsim lshr

Ashr-nets0= (em?)
shr—ne CtTyd
Where:
ot : patch load modification factor
_ Lsim
lshr
Lsim : extent of bow impact load area along the span
= JAam (m), butnotto be taken as greater than /s,
Lshr : effective shear span, as defined in Section 4/2.1.5, in m
Pin : bow impact pressure as given in Section 7/4.4 and calculated at the

load calculation point defined in Section 3/5.3.2, in kN/m’
bsim : breadth of impact load area supported by the primary support member,
to be taken as the spacing between primary support members as
defined in Section 4/2.2.2, but not to be taken as greater than /g, in m
C: : permissible shear stress coefficient

= (.75 for acceptance criteria set AC3

o
Td yd 2
= N/mm
3 ( )
Oyd : specified minimum yield stress of the material, in N/mm’

6.4.7.7 The net web thickness of each primary support member, #,-xe, including decks/bulkheads in way of the side shell is not to

be less than:
¢ Pim bsim (mm)
net= T . mm
W singy, ocrp
Where:
P : bow impact pressure as given in Section 7/4.4 and calculated at the

load calculation point defined in Section 3/5.3.2 or at the intersection
of the side shell with the deck/bulkhead, in kN/m?
Dsim : breadth of impact load area supported by the primary support member,

to be taken as spacing between primary support members as defined in
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Section 4/2.2.2, but not to be taken as greater than /[y, inm

Ow :angle, in degrees, between the primary support member web and the
shell plate, see Fig. 8.6.7

Ocrb : critical buckling stress in compression of the web of the primary
support member or deck/bulkhead panel in way of the applied load
given by Section 10/3.2.1, in N/mm?
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Fig. 8.6.7 Angle between Shell Primary Member and Shell Plate

6.4.8 Connection of Stiffeners to Primary Support Members
6.4.8.1 Stiffeners are, in general, to be continuous. Where this not practicable end brackets complying with Section 4/3.2.3 are to
be provided.

6.4.8.2 The scantlings of the end connection of each stiffener are to comply with Section 4/3.4.
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7. Application of Scantling Requirements to Other Structure

7.1 General

7.1.1 Application
7.1.1.1 The requirements of this Sub-Section apply to plating, local and primary support members where the basic structural
configurations or strength models assumed in Section 8/2 to 8/5 are not appropriate. These are general purpose strength requirements
to cover various load assumptions and end support conditions. These requirements are not to be used as an alternative to the
requirements of Section 8/2 to 8/5 where those sections can be applied.
7.1.1.2 The net scantlings described in 7.2 are related to gross scantlings as follows:
(a) for plating and local support members, the gross thickness and gross cross- sectional properties are obtained from the
requirements of 7.2.2 by adding the full corrosion additions specified in Section 6/3.
(b) for primary support members, the gross shear area, gross section modulus and other gross cross-sectional properties are
obtained from the requirements of 7.2.3 by adding one half of the relevant full corrosion additions specified in Section
6/3.
7.1.1.3 These requirements are to be applied in conjunction with all other appropriate requirements in Sections 8, 9 and 10 for the
particular structural member under consideration, including longitudinal strength, minimum thickness, proportions and structural
stability, strength assessment (FEM), fatigue and hull girder ultimate strength.
7.1.1.4 The requirements for local and primary support members are to be specially considered when the member is:
(a) part of a grillage structure
(b) subject to large relative deflection between end supports
(c) where the load model or end support condition is not given in Table 8.7.1.

7.1.1.5 The application of alternative or more advanced calculation methods will be specially considered.
7.2 Scantling Requirements

7.2.1 General

7.2.1.1 The design load sets to be applied to the structural requirements for the local and primary support members are given in
Table 8.7.2, as applicable for the particular structure under consideration. The static and dynamic load components are to be combined
in accordance with Table 7.6.1 and the requirements given in Section 7/6.3.

7.2.2 Plating and Local Support Members

7.2.2.1 For plating subjected to lateral pressure the net thickness, #.s, is to be taken as the greatest value for all applicable design
load sets given in Table 8.7.2, and given by:

P|

tnet = 0.0158 ays (mm)

a%yd
Where:

a,  :correction factor for the panel aspect ratio
s

=12- 5700 L,
P : design pressure for the design load set being considered, calculated at
the load calculation point defined in Section 3/5.1.2, in kN/m’
s : stiffener spacing, in mm, as defined in Section 4/2.2
by : length of plate panel, to be taken as the spacing of primary support
members, S, unless carlings are fitted, in m
C, :permissible bending stress coefficient for the design load set being

considered, as given in Tables 8.2.4, 8.3.2 or 8.4.2, as applicable for
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the individual member being considered

oya  :specified minimum yield stress of the material, in N/mm?

7.2.2.2 For stiffeners subjected to lateral pressure, point loads, or some combination thereof, the net section modulus requirement,

Znet, 1s t0 be taken as the greatest value for all applicable design load sets given in Table 8.7.2, and given by:

|P| siZ
bdg 3
Zpet= . (cm”), for lateral pressure loads
FbagCs Oya
1000 |F| lpqg
Zpet= - . (cm?), for point loads
fpdg Cs Oya
2
P;s lbdg l 1000Fj lbdgl
frag—i foag-j |
Zpet = (cm?), for a combination of loads
Cs 0yg
Where:
P : design pressure for the design load set being considered, calculated at

the load calculation point defined in Section 3/5.2.2, in kN/m’

s : stiffener spacing, in mm, as defined in Section 4/2.2
lyag : effective bending span, as defined in Section 4/2.1.1
foag : bending moment factor

for continuous stiffeners and where end connections are fitted
consistent with idealization of the stiffener as having fixed ends

=12 for horizontal stiffeners

=10 for vertical stiffeners

for other configurations the bending moment factor may be taken as
in Table 8.7.1

Cs : permissible bending stress coefficient for the design load set being

considered as given in Tables 8.2.5, 8.3.3 or 8.4.3, as applicable for

the individual member being considered

Oyd - specified minimum yield stress of the material, in N/mm?
F : point load for the design load set being considered, in AN
i : indices for load component i
j :indices for load component j

7.2.2.3 For stiffeners subjected to lateral pressure, point loads, or some combination thereof, the net web thickness, #-4er, based on
shear area requirements is to be taken as the greatest value for all applicable design load sets given in Table 8.7.2, and given by:
fshr |PIS lspr
dshr Ct Tyq
1000fspy |F|

tw—net =

wenet = (mm), for lateral pressure loads

(mm), for point loads
Ashr CeTyg
| fshr—i Pi S Lshy+ %1000 fpy_j Fj|

Adshr CtTyd

w-net = (mm), for a combination of loads

Where:

P : design pressure for the design load set being considered, calculated at
the load calculation point defined in Section 3/5.2.2, in kN/m’
fsnr : shear force factor
for continuous stiffeners and where end connections are fitted
consistent with idealization of the stiffener as having fixed ends:

= 0.5 for horizontal stiffeners
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= (0.7 for vertical stiffeners

for other configurations the shear force factor may be taken as in Table 8.7.1.

N : stiffener spacing, in mm, as defined in Section 4/2.2

Lshr : effective shear span, as defined in Section 4/2.1.2

dsgy : as defined in Section 4/2.4.2.2

C: : permissible shear stress coefficient for the design load set being considered as

given in Tables 8.2.6 or 8.3.4, as applicable for the individual member being

considered

o
Tyd yd 2
- === N/mm

NS ( )
oya  :specified minimum yield stress of the material, in N/mm?
F : point load for the design load set being considered, in AN
i : indices for load component i
j : indices for load component j

7.2.3 Primary Support Members

7.2.3.1 The requirements in 7.2.3 are applicable where the primary support member is idealised as a simple beam. More advanced
calculation methods may be required to ensure that nominal stress level for all primary support members are less than the permissible
stresses and stress coefficients given in 7.2.3.4 and 7.2.3.5 when subjected to the applicable design load sets. See also 7.1.1.4.

7.2.3.2 The section modulus and web thickness of the local support members apply to the areas clear of the end brackets. The
section modulus and cross sectional shear areas of the primary support member are to be applied as required in the notes of Table 8.7.1.

7.2.3.3 For primary support members intersecting with or in way of curved hull sections, the effectiveness of end brackets is to
include an allowance for the curvature of the hull.

7.2.3.4 For primary support members the net section modulus requirement, Z,:s50, is to be taken as the greatest value for all

applicable design load sets given in Table 8.7.2, and given by:
1000 |PIS 154,

Zpetso= - . (cm?), for lateral pressure loads
fbag Cs Oya
1000 |F| lpgg , _
Zpetso= - (cm?), for point loads
fbag Cs Oyd
1000P; Slf 44 _ L000Fjlpgg
fodg-i fpag-j
Zpetso = (cm?), for a combination of loads
Cs 0yq

Where:

P : design pressure for the design load set being considered, calculated at the load
calculation point defined in Section 3/5.3.3, in kN/m’

S : primary support member spacing, in m, as defined in Section 4/2.2.2

Lyag : effective bending span, as defined in Section 4/2.1.4

frag : bending moment factor, as given in Table 8.7.1.

Cs : permissible bending stress coefficient for the design load set being considered as
given in Tables 8.2.10 or 8.3.6, as applicable for the individual member being
considered

Oyd - specified minimum yield stress of the material, in N/mm?

F : point load for the design load set being considered, in ANV

i : indices for load component i

j s indices for load component j

7.2.3.5 For primary support members the net shear area of the web, Agi-ners0, is to be taken as the greatest value for all applicable

design load sets given in Table 8.7.2, and given by:
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10fshr|P|Slshr

Aghr—netso = — (sz)’ for lateral pressure loads
CtTyd
10fspy|F|
Aghr—netso = L (sz)’ for point loads
CtTyq
|Z10fshr—ipilshr"'zlofshr—ij| 5 o
Ashr—netso = (cm?), for a combination of loads
CtTyqg
Where:
P : design pressure for the design load set being considered, calculated at

the load calculation point defined in Section 3/5.3.2, in kN/m’

S : primary support member spacing, in m, as defined in Section 4/2.2.2
Lshr : effective shear span, as defined in Section 4/2.1.5

Sshr : shear force factor, as given in Table 8.7.1

C: : permissible shear stress coefficient for the design load set being

considered as given in Tables 8.2.10 or 8.3.7, as applicable for the

individual member being considered

b - % (N/mm?)

Oyd : specified minimum yield stress of the material, in N/mm’
F : point load for the design load set being considered, in ANV
i : indices for load component i

i : indices for load component j
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Table 8.7.1

Values of fyiz and fo-

Load and boundary conditions

Bending moment and shear force factor (based

on load at mid span where load varies)

Application

:g Position () 1 2 3
A 2 3 fraei fraeo fides
S | Support Field Support Sfohri - Shrs
| | | | | | | | | | | 12.0 24.0 12.0 Built in at both ends.
A Uniform pressure
0.50 - 0.50 distribution
i 142 2.0 Built in one end plus simply
B | | | | | | | | | | | | supported one end.
== Uniform pressure
038 ] 063 distribution
i 8.0 i Simply supported, (both
C _A_| | | | | | | | | | |_l_ ends are free to rotate).
Uniform pressure
030 ) 030 distribution
15.0 233 10.0 Built in both ends.
D : m Linearly varying pressure
0.30 - 0.70 distribution
i 16.8 75 Built in one end plus simply
E /m supported one end.
2 Linearly varying pressure
020 i 080 distribution
_ _ 2.0 Cantilevered beam.
F | | | | | | | | | | | | Uniform pressure
) ) 1.0 distribution
P
/ e 8.0 8.0 8.0 o
] “ ™ Built in at both ends.
G Single point load in the
iy 1 o 0.5 ) 05 centre of the span
P
F a e r L
iy - > a?(l—a) 2a*(I - a)? a(l—a)? Built in at both ends.
H 7 (L —a)*(1 + 2a) Single point load, with load
I a (3113— 2a) i — B | anywhere in the span
Flo
‘—j - 4 - Simply supported.
I A ' N\ Single point load in the
L%J 0.5 - 0.5 centre of the span
F a 15
"—" - all—a) - Simply supported.
J A PAY Single point load, load
L—J % - l ;a anywhere along the span
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Ipag

lshr
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The bending moment factor f;4 for the support positions are applicable for a distance of 0.2/y4 from the end of the
effective bending span for both local and primary support members.

The shear force factor f,- for the support positions are applicable for a distance of 0.2/, from the end of the effective
shear span for both local and primary support members.

Application of fqe and fs- for local support members:

the section modulus requirement of local support members is to be determined using the lowest value of fiug: , fode?
and fpag3

the shear area requirement of local support members is to be determined using the greatest value of fi-r and  fon3.
Application of fq, and fs,- for primary support members:

the section modulus requirement within 0.2/,4, from the end of the effective span is generally to be determined using
the applicable fiae; and frag3, however frqe is not to be taken greater than 12

the section modulus of mid span area is to be determined using fise =24, or fiie> from the table if lesser

the shear area requirement of end connections within 0.2/, from the end of the effective span is to be determined
using fo- = 0.5 or the applicable fu-; or fur3, whichever is greater

for models A through F the value of fi may be gradually reduced outside of 0.2/ towards 0.5f at mid span

where fi-  is the greater value of fi,- and fou3.

: effective span, /yqe and Ly as applicable
: as defined in Section 4/2.1.1 for local support members and Section 4/2.1.4 for primary support members

: as defined in Section 4/2.1.2 for local support members and Section 4/2.1.5 for primary support members
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Table 8.7.2  Design Load Sets for Plating, Local Support Members and Primary Support Members

Type of Local Support | Design . .
. Load External Diagrammatic
and Primary Support [ Load Set Comment )
. Component Draught Representation
Member M
1 Pex Tsc
Sea pressure only
2 P ex T sc
S