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Foreword (2024)

The industry and ABS share a large and successful body of experience with membrane tank Liquefied
Natural Gas (LNG) carriers, independent tank liquefied gas carriers and ship-type FPSOs that have been
designed to Part 5C, Chapter 12 of the ABS Rules for Building and Classing Marine Vessels, ABS Guide
for Building and Classing Liquefied Gas Carriers with Independent Tanks, and ABS Rules for Building
and Classing Floating Production Installations (FPI Rules), respectively. The development of this ABS
Guide for Building and Classing Floating Offshore Liquefied Gas Terminals is based on the design and
analyses experience with these types of vessels.

This Guide provides criteria that can be applied in the Classification of the hull and tank structure of
floating offshore liquefied gas terminals with membrane tanks or independent prismatic tanks. The Guide
addresses liquefied gas terminals with ship-shaped or barge-shaped hull forms having a single row of cargo
tanks at centerline or a row of two cargo tanks abreast. ABS recognizes that industry participation is a vital
factor due to the rapidly progressing use of offshore gas terminals. To understand and apply this new
technology and its standards, ABS, the offshore and onshore community and regulatory agencies can
benefit from a common understanding of the terms and concepts involved, and an awareness of how these
concepts are to be applied to ABS rule-making.

The hull strength criteria contained herein are to be considered as an alternative to those for corresponding
aspects of Classification as given in Part 5C, Chapter 8 of the Marine Vessel Rules (MVR 5C-8) which
includes requirements from the International Code for the Construction and Equipment of Ships carrying
Liquefied Gases in Bulk (IGC Code). The Owner may elect to use either this Guide or MVR 5C-8. In the
same design, for aspects of the hull structural design that are covered by both this Guide and MVR 5C-8 it
is not valid to switch between the criteria in this Guide and MVR 5C-8. This Guide does not cover the
design, fabrication and installation of the liquefied gas containment system, except for the structural design
of independent tanks.

The June 2021 edition added the optional FLM (number of years), Year notation for position mooring
system fatigue life, in line with the FPI Rules. This provides the flexibility to accept different fatigue life
notations for position mooring and hull structure, including hull interfaces.

The December 2021 edition applied the RFL and RFLM notations to converted floating offshore liquefied
gas terminals, similar to converted FPIs, following the methodology described in Section 5A-2-3 of the
ABS Rules for Building and Classing Floating Production Installations.

The August 2023 edition provided requirements for the Topside Modules notation for topside module
structures of a FLNG terminal in which gas processing, production and liquefaction facilities are not
requested to be classed.

The January 2024 edition provides references to the ABS Guide for Building and Classing Liquefied Gas
Carriers with Independent Tanks the for the procedure and acceptance criteria of the crack propagation and
fatigue fracture analysis for type B independent tanks.

This Guide becomes effective on the first day of the month of publication.

Users are advised to check periodically on the ABS website www.eagle.org to verify that this version of
this Guide is the most current.

We welcome your feedback. Comments or suggestions can be sent electronically by email to
rsd@eagle.org.

Changes to Conditions of Classification

Section 1-1, “Scope and Conditions of Classification” was consolidated into a generic booklet, entitled
Rules for Conditions of Classification — Offshore Units and Structures (Part 1) for all units, installations,
vessels or systems in offshore service. The purpose of this consolidation was to emphasize the common
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applicability of the classification requirements in “Section 1-1” to ABS-classed offshore units, pipelines,
risers, and other offshore structures, and thereby make “Conditions of Classification” more readily a
common Rule of the various ABS Rules and Guides, as appropriate.

Thus, Section 1-1 of this Guide specifies only the unique requirements applicable to floating offshore
liquefied gas terminals. These supplemental requirements are always to be used with the aforementioned
Rules for Conditions of Classification — Offshore Units and Structures (Part 1).

Reference Note

Reference to a paragraph in the Marine Vessel Rules, MOU Rules or FPI Rules is made in the format ‘P-C-
S/ss.p” where ‘P’ is the Part, ‘C’ is the Chapter, ‘S’ is the Section, ‘ss’ is the Subsection and ‘p’ is the
Paragraph.

Reference to a paragraph in this Guide is made in the format ‘C-S/ss.p’, where ‘C’ is the Chapter, ‘S’ is the
Section, ‘ss’ is the Subsection and ‘p’ is the Paragraph.

Reference to a Figure or Table in this Guide is made, respectively, in the format ‘C-S/Figure #°, or ‘C-S/
Table #’.
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CHAPTER 1
Conditions of Classification

SECTION 1

Scope and Conditions of Classification (Supplement to the ABS Rules for

5.1

Conditions of Classification - Offshore Units and Structures)

Classification

The requirements for conditions of classification are contained in the separate, generic ABS Rules for
Conditions of Classification - Offshore Units and Structures (Part 1).

Additional requirements specific to floating offshore liquefied gas terminals are contained in the following
Subsections.

Purpose

A Floating Offshore Liquefied Gas Terminal provides liquefied gas storage and receives and/or offloads
liquefied gas. There are two major variations of offshore liquefied gas terminal: Load Terminals and
Discharge Terminals, with various configurations of each.

A Load Terminal receives gas directly from one or more wells or from another offshore facility where it
may or may not have been processed. The gas is liquefied in an onboard liquefaction facility and stored for
offloading as liquefied gas to a trading liquefied gas carrier. Alternatively, a Load Terminal may receive
liquefied gas from a liquefaction plant via a pipeline.

A Discharge Terminal receives liquefied gas from trading liquefied gas carriers and stores it. In such
terminals, the stored liquefied gas is normally vaporized in a re-gasification facility and discharged ashore.
However, offloading liquefied gas in a lightering operation is also feasible.

Classification Symbols and Notations

A listing of Classification Symbols and Notations available to the Owners of vessels, offshore drilling and
production units and other marine structures and systems, "List of ABS Notations and Symbols" is
available from the ABS website "http://www.cagle.org".

The following notations are specific to floating offshore liquefied gas terminals.

Class Notations

Floating offshore liquefied gas terminals that have been built, installed and commissioned to the
satisfaction of the ABS Surveyors to the full requirements of this Guide, where approved by the
Committee for service for the specified design environmental conditions, may be classed and distinguished
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Chapter
Section

1 Conditions of Classification e S
1 Scope and Conditions of Classification (Supplement to the ABS Rules for Conditions 11
of Classification - Offshore Units and Structures)

5.3

5.5

7.1

7.3

7.5

in the ABS Record by the symbol ® A1, followed by Offshore Liquefied Gas Terminal and the
appropriate notation for the intended service listed below.

Class notations were chosen to provide a clear description of the function of each configuration using the
following symbols:

Floating

Liquefaction Facility

Transfer of Liquefied Gas (Offloading/Loading)

Gas Processing Facility

Re-Gasification Facility

Storage Facility

- o ®mOvoOr

Terminal with processing facilities which are not classed

A complete description of applicable class notations for floating liquefied gas terminals is provided in
2-1/1.1 of this Guide.

Geographical Limitations

Floating offshore liquefied gas terminals which have been built to the satisfaction of the ABS Surveyors to
special modified requirements for a limited service, where approved by the Committee for that particular
service, may be classed and distinguished in the Record by suitable symbols or notations, but the symbols
or notations will either be followed by or have included in them the appropriate service limitation.

Floating Terminals Not Built Under Survey

The symbol " =" (Maltese-Cross) signifies that the system was built, installed and commissioned to the
satisfaction of the ABS Surveyors. Floating offshore liquefied gas terminals and their equipment that have
not been built under ABS survey, but which are submitted for Classification, will be subjected to special
consideration. Where found satisfactory and thereafter approved by the Committee, they may be classed
and distinguished in the Record by the notation described above, but the symbol " & " signifying survey
during construction will be omitted.

Rules for Classification

Application of Rules

This Guide contains provisions for the classification of new build floating offshore liquefied gas terminals.
This Guide is intended for use in conjunction with the ABS Rules for Building and Classing Marine
Vessels (Marine Vessel Rules), ABS Rules for Building and Classing Mobile Offshore Units (MOU Rules),
ABS Rules for Building and Classing Offshore Installations, ABS Rules for Building and Classing
Floating Production Installations (FPI Rules) or other applicable ABS Rules and Guides.

Scope of Class

A description of the parts of a floating offshore liquefied gas terminal included in the ABS classification is
provided in 2-1/1 of this Guide.

Alternatives

Any departure from the requirements of this Guide may be considered by ABS on the basis of an
additional risk assessment to that required per 2-2/5 of this Guide, or at least a separate, clearly identified
part of the risk assessment. In the case of such departures, classification is subject to ABS’s approval upon
a demonstration of fitness for purpose in line with the principles of ABS Guides and Rules, as well as
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Chapter 1 Conditions of Classification s SRR

Section 1 Scope and Conditions of Classification (Supplement to the ABS Rules for Conditions
of Classification - Offshore Units and Structures)

recognized and generally accepted good engineering practice. Risk acceptance criteria are to be developed
in line with the principles of the ABS Rules and are subject to ABS’s approval. The ABS Guidance Notes
on Risk Assessment Applications for the Marine and Offshore Industries contain an overview of risk
assessment techniques and additional information.

A risk approach justification of alternatives may be applicable either to the terminal as a whole or to
individual systems, subsystems or components. As appropriate, account must be given to remote hazards
outside of the bounds of the system under consideration. Such account must include incidents relating to
remote hazards directly affecting or being influenced by the system under consideration. ABS will
consider the application of risk-based techniques in the design of the terminal, verification surveys during
construction and surveys for maintenance of class.

Portions of the terminal not included in the risk assessment are to comply with the applicable parts of the
ABS Rules.

The following are the responsibility of the Owner/Operator:

i) Risk acceptance criteria

ii) Hazard identification

iii) Risk assessment

iv) Risk management

v) Compliance of the system under consideration with the applicable requirements of Flag and

Coastal State

9 Units

This Guide is written in three systems of units, viz., SI units, MKS units and US customary units. Each
system is to be used independently of any other system.

Unless indicated otherwise, the format of presentation in this Guide of the three systems of units, is as
follows:

SI units (MKS units, US customary units)

11 Abbreviations and References

11.1  Abbreviations
ABS American Bureau of Shipping
ACI American Concrete Institute
AISC American Institute of Steel Construction
ANSI American National Standards Institute
API American Petroleum Institute
ASTM  American Society for Testing and Materials
ASME  American Society of Mechanical Engineers
AWS American Welding Society

CSA Canadian Standards Association
FIP Federation Internatioale de la Precontrainte
IMO International Maritime Organization
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Chapter 1 Conditions of Classification s s
Section 1 Scope and Conditions of Classification (Supplement to the ABS Rules for Conditions
of Classification - Offshore Units and Structures)

NACE  National Association of Corrosion Engineers
NFPA National Fire Protection Association
PCI Prestressed Concrete Institute

SIGTTO Society of International Gas Tanker and Terminal Operators Ltd.

11.3 References
i) Marine Vessel Rules - ABS Rules for Building and Classing Marine Vessels

ii) MOU Rules - ABS Rules for Building and Classing Mobile Offshore Units

iii) M/W Rules - ABS Rules for Materials and Welding - Part 2

iv) Offshore Installations Rules - ABS Rules for Building and Classing Offshore Installations

v) SPM Rules - ABS Rules for Building and classing Single Point Moorings

vi) FPI Rules - ABS Rules for Building and Classing Floating Production Installations

vii) Facilities Rules - ABS Rules for Building and Classing Facilities on Offshore Installations

viii) LGC Guide - ABS Guide for Building and Classing Liquefied Gas Carriers with Independent

Tanks

ix) ABS Guide for Automatic or Remote Control and Monitoring for Machinery and Systems (other
than Propulsion) on Offshore Installations

x) ABS Guide for the Fatigue Assessment of Offshore Structures

xi) ABS Guide for Nondestructive Inspection of Hull Welds

xii) ABS Guidance Notes on Risk Assessment Applications for the Marine and Offshore Industries
Xiii) ABS Guidance Notes on Review and Approval of Novel Concepts

xiv) ABS Guide for Surveys Using Risk Based Inspection for the Offshore Industry

xv) ABS Guide for Surveys Based on Machinery Reliability and Maintenance Techniques

Xxvi) ACI 213R Guide for Structural Lightweight Aggregate Concrete

xvii)  ACI 301 Specifications for Structural Concrete

xviii)  ACI 311.4R Guide for Concrete Inspection Programs

Xix) ACI 318 Building Code Requirements for Structural Concrete

xx) ACI 357R-84 Guide for the Design and Construction of Fixed Offshore Concrete Structures
Xxxi) ACI 357.2R-88 State-of-the-Art Report on Barge-Like Concrete Structures

xxii)  AISC Manual of Steel Construction, ASD

xxiii) APIRP 2A, RP 2T, RP 14C, RP 500, RP 521, 620, RP 2003

xxiv)  ASTM 330 Specification for Lightweight Aggregates for Structural Concrete

xxv)  CSA S474-94 Concrete Structures (Offshore Structures)

xxvi) NACE RP0176-94

xxvii) NFPA 59 AStandard for Production, Storage and Handling of Liquefied Natural Gas

Note:

The requirements of the IMO "International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in
Bulk" are incorporated within requirements in Part SC, Chapter 8 of the ABS Marine Vessel Rules.
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Section 1 Scope and Conditions of Classification (Supplement to the ABS Rules for Conditions
of Classification - Offshore Units and Structures)

ABS is prepared to consider other appropriate alternative methods and recognized codes of practice.
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CHAPTER 2
Design Considerations

SECTION 1
Classification of Floating Offshore Liquefied Gas Terminals

In addition to all of the requirements contained in the ABS Rules for Conditions of Classification -
Offshore Units and Structures (Part 1) and Chapter 1 of this Guide, the following requirements are
applicable to floating offshore liquefied gas terminals.

1 ABS Class Symbols and Notations

1.1 Class Notations (7 August 2023)

Floating offshore liquefied gas terminals (FLGT) that have been built, installed and commissioned to the
satisfaction of the ABS Surveyors to the full requirements of this Guide, where approved by the
Committee for service for the specified design environmental conditions, may be classed and distinguished
in the ABS Record by the symbol ® A1, followed by Offshore Liquefied Gas Terminal and the
appropriate notation for the intended service listed below:

Class notations were chosen to provide a clear description of the function of each configuration using the
following symbols:

Floating

Liquefaction Facility

Transfer of Liquefied Gas (Offloading/Loading)

Gas Processing Facility

Re-Gasification Facility

»w XU vV O rm

Storage Facility

Where a floating terminal is fitted with processing facilities, but classification of the entire processing
facilities is not desired, certain essential safety systems and equipment for the processing facilities as
indicated in 2-2/11 of this Guide are to be in compliance with requirements of ABS. The floating terminal
will be classed and distinguished in the ABS Record by the symbol % A1 followed by Offshore
Liquefied Gas Terminal and the notation T. Compliance with the applicable requirements for the
floating terminal, position mooring system and import/export systems is required. In addition the shipboard
systems, including the electrical system circuit protection for the production facilities and associated fire
fighting equipment, are to be reviewed by ABS for the classification of the floating terminal.
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Chapter 2 Design Considerations
Section 1 Classification of Floating Offshore Liquefied Gas Terminals

For floating terminals designed for LNG, the class notations are:

F(LNG) PLSO - Floating LNG Terminals with Gas Processing and Production, Liquefaction, Storage and
Offloading - The floating terminal receives well gas, processes it, liquefies the natural gas and condensate
for storage and offloading.

F(LNG) ORS - Floating LNG Storage Terminals with Re-Gasification Facility - The terminal receives
LNG from a trading LNG carrier, stores it, re-gasifies and discharges the gas ashore.

F(LNG) SO - Floating LNG Storage and Offloading Terminals - The terminal receives, stores and offloads
LNG in a lightering operation.

F(LNG) T - Floating LNG Terminals with Gas Processing and Production, Liquefaction, Storage and
Offloading - The terminal receives well gas, processes it, liquefies the natural gas and condensate for
storage and offloading. The gas processing, production and liquefaction facilities are not desired to be
within the scope of class. However the essential safety features of these facilities are to comply with ABS
requirements.

For floating terminals designed for LPG or combined LNG/LPG, the class notations are, respectively:
F(LPG) PLSO, F(LPG) ORS, F(LPG) SO, and F(LPG) T
F(LNG/LPG) PLSO, F(LNG/LPG) ORS, F(LNG/LPG) SO, and F(LNG/LPG) T

For a ship-type installation with F(LNG)T notation, the topside module structures may be excluded from
the scope of class subject to submission and review of a risk assessment (see 2-2/5) addressing the risk to
the safety of the crew, environment, and the vessel due to failure of any topside structure supporting
equipment and/or piping containing cryogenic fluid. The hull interface structure is to comply with Section
3-7. See also 2-2/7.1.4(c).

Power generation to be used as main power of the unit for the marine system and safety system is to meet
4-8-2/3.1.1 of the Marine Vessel Rules including the support structure. Main power module structure is to
comply with 3-7/11 of this Guide for topside structures.

When requested by the Owner, an optional notation Topside Modules is available for a ship-type
Installation when topside modules comply with 3-7/11. The notation for a ship-type F(LNG)T will be
appended as, F(LNG)T (Topside Modules).

For floating terminals designed for liquefied gases other than LNG or LPG, the class notations will
indicate in parentheses the specific product.

3 Additional Class Notations

31 Disconnectable System (1 September 2012)

A floating terminal that has a propulsion system and a means of disengaging the terminal from its mooring
and riser systems to allow the floating terminal to ride out severe weather or seek refuge under its own
power for a specified design environmental condition will be classed with the appropriate class notation in
2-1/1.1 above and with the notations (Disconnectable), = AMS at the end. One example of such class
designation is:

¥ A1, Offshore Liquefied Gas Terminal, F(LNG) ORS (Disconnectable), ¥ AMS

If a Disconnectable floating terminal is restricted to a specific service area in proximity to its operating site
location, a restricted service notation Disconnectable-R (from site to designated port) or (from
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Chapter 2 Design Considerations
Section 1 Classification of Floating Offshore Liquefied Gas Terminals

site to geographic area bounded by Lat. X1, Long. Y1; Lat. X2, Long. Y2; Lat. X3, Long. Y3;
Lat. X4, Long. Y4), may be assigned where permitted by local authorities or regulations.

3.3 Classification of Dynamic Positioning Systems

Dynamic positioning systems installed for station keeping purposes, will be denoted by the notation =
DPS (see Section 2 of the ABS Guide for Dynamic Positioning Systems).

3.5 On-site Operation

Floating terminals designed and built to the special modified requirements for on-site operation, where
approved by the Committee for that particular service, will be identified in the Record by the added
notation (S years) followed by the approved site of operation, thus F(LNG) PLSO (S100) Gulf of
Mexico, where "100" signifies that the terminal is reviewed for 100 years design return period.

3.7 Dynamic Loading Approach (1 September 2012)

Where requested, the ABS Dynamic Loading Approach and notation DLA may be applied to assess the
adequacy of the floating steel structure of liquefied gas terminals. In such cases, the floating terminal will
be classed and distinguished in the Record by the notation DLA. The DLA notation will be placed after the
appropriate hull classification notation. The application of the dynamic loading approach is optional.

The dynamic load components considered in the evaluation of the hull structure are to include the external
hydrodynamic pressure loads, internal dynamic loads (fluids stored onboard, ballast, major equipment
items, etc.) and inertial loads of the hull structure. The magnitude of the load components and their
combinations are to be determined from appropriate ship motion response calculations for loading
conditions that represent the envelope of maximum dynamically-induced stresses in the floating terminal.
The adequacy of the hull structure for all combinations of the dynamic loadings is to be evaluated using an
acceptable finite element analysis method. In no case are the structural scantlings to be less than those
obtained from other requirements in this Guide. In addition, the design of the containment system of
independent tanks is to be assessed and analyzed in accordance with Part 5C, Chapter 8 of the Marine
Vessel Rules.

The basic notation DLA is applied when the hydrodynamic loads have been determined using the wave
environment of the North Atlantic with a 20-year service life. If the wave environment of the intended site
is used during the analysis, the notation will include an S qualifier, followed by the design return period at
the defined site. For example, if the 100-year return period was used, the following may apply: DLA
(S100). Transit conditions to the intended site are also to be included in the DLA evaluation.

3.9 Design Life and Design Fatigue Life (1 September 2012)
3.9.1 Design Life

Floating terminals designed and built to the requirements in this Guide and maintained in
accordance with the applicable ABS requirements are intended to have a structural design life of
not less than 20 years for a new build hull structure. Where the structural design life is greater than
20 years and the floating terminal is designed for uninterrupted operation on-site without any
drydocking, the nominal design corrosion values (NDCV) of the hull structure are to be increased
in accordance with 3-2/3.3. When the design life is greater than 20 years (in 5-year increments)
the increased life will be identified in the Record by the notation HL (number of years). The
(number of years) refers to the design life greater than 20 years as reflected by the increase in
nominal design corrosion values.

3.9.2 Design Fatigue Life (1 July 2022)

Where a floating terminal's design calls for a minimum design fatigue life of 20 years or in excess
of the minimum design life of 20 years, the design fatigue life is to be verified to be in compliance
with the fatigue criteria in this Guide. The “design fatigue life” refers to the target value set by the
owner or designer, not the value calculated in the analysis.
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3.9.3

The required fatigue strength analysis of critical details and welded joints in floating terminals is
to be in accordance with 3-5/7.1 and 3-5/7.3, and Appendix 3-Al.

Design fatigue life notation is to be assigned and published in the Record for the hull, hull
interface structure, position mooring system and components. The hull interface structural
requirements are described in Section 3-7 of this Guide and the position mooring system
requirements in Part 6 of the FPI Rules. When only the required fatigue analysis of and 3-5/7.3 is
performed, the class notation FL (number of years) and the Year of maturation of fatigue life
in the defined site location is assigned. The fatigue life will be identified in the Record by the
notation FL (number of years), Year; for example, FL(30), 2041 for a floating terminal built
in 2011 if the minimum design fatigue life specified is 30 years.

If in addition spectral fatigue analysis (see 2-1/3.11 and 3-5/7.5) is requested by the owner or
designer, only the design fatigue life notation, SFA (number of years), Year will be assigned
and published in the Record for the hull and hull interface structural system. Although only the
SFA notation is assigned, and not the FL notation, the required fatigue analysis of 3-5/7.1 and
3-5/7.3 and Appendix 3-Al is to be performed and the calculated fatigue life is to satisfy the
design fatigue life.

Where different design fatigue life values are specified for structural elements (hull and hull
interface structures) and the position mooring system within the installation, the notation FL
(number of years), Year will be followed by the notation FLM (number of years), Year,
where "(number of years)" refers to the design fatigue life for the position mooring system and
"Year" refers to the year of maturation associated with the position mooring system.

The (number of years) refers to the design fatigue life equal to 20 years or more (in 5-year
increments), as specified by the owner or designer. In the case when spectral fatigue analysis is
also applied the least of the fatigue life values calculated by the required fatigue strength analysis
according to 3-5/7.1 and 3-5/7.3 and spectral fatigue analysis must satisfy the design fatigue life.

For example if the design fatigue life is specified as 25 years, the fatigue calculations of hull
structural components must satisfy a fatigue life of 25 years. The fatigue calculations of the
position mooring hull interface structures and hull mounted equipment interface structures, and
position mooring system must also satisfy fatigue lives of (25 x FDF) years, where FDF are the
fatigue safety factors specified in 3-7/9.5.1 TABLE 1 for hull interface structures and in 3/7.7
TABLE 3 and 3/7.7 TABLE 4 of the ABS Requirements for Position Mooring Systems.

Conversion of Existing Vessel to FLGT (7 December 2021)

When an existing vessel is converted to an FLGT, the expected minimum remaining fatigue life of
the structure is to be assessed according to Section 5A-2-3 of the ABS Rules for Building and
Classing Floating Production Installations and documented by recording its value in the ABS
Record. The RFL notation will be followed by the value of the expected minimum remaining
fatigue life in years, and the year of maturation of fatigue life.

Where different design fatigue life values are specified for structural elements (hull and hull
interface structures) and the position mooring system within the installation, the notation
RFL(number of years), Year will be followed by the notation FLM(number of years),
Year, where "(number of years)" refers to the target value of the fatigue life for a new position
mooring system and "Year" refers to the year of maturation associated with the new position
mooring system. Where an existing mooring system is to be reused, the notation RFLM(number
of years), Year referring to the remaining fatigue life of the existing position mooring system
will apply. The existing mooring systems covered by the notation RFLM are limited to all off-the
vessel mooring components, anchor foundation systems, and submerged buoy structure for
disconnectable mooring systems. If any of those components has a fatigue life greater than the
mooring system indicated in the notation RFLM, this may be noted in the ABS Record. On-the-
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vessel mooring components and equipment are to have a design fatigue life equal or greater than
the structural elements. If the on-the-vessel components fatigue life exceeds the structural
elements, this may also be noted in the ABS Record.

3.11 Spectral Fatigue Analysis Notation (1 September 2012)

3.13

3.15

3.17

The fatigue strength criteria require the fatigue strength evaluation of structural details, which might also
rely on spectral analysis methods to demonstrate the adequacy of fatigue strength. Where Spectral Fatigue
Analysis is performed in accordance with the ABS Guide for the Fatigue Assessment of Offshore
Structures, the floating terminal will be identified in the Record by the notation SFA (number of years)
followed by the specific site of the terminal. The (number of years) refers to the design fatigue life
equal to 20 years or more (in 5-year increments), as specified by the applicant (e.g., SFA (30)). Only one
minimum design fatigue life value is applied to the entire structural system a described in 2-1/3.9. This
notation is optional.

Hull Construction Monitoring Program

Floating Liquefied Gas Terminals designed and reviewed to the FLGT Guide are to comply with the
requirements of the Offshore Hull Construction Monitoring Program in Appendix 3-A6 of this Guide and
have the notation OHCM.

Additional Corrosion Margin (1 September 2012)

Where the floating terminal incorporates additional plate thicknesses above the required scantlings, the
terminal will be identified in the Record by the notation AT, followed by the description of the major hull
girder component(s) that has the additional thickness. This notation will also include a number to indicate
the magnitude of the additional thickness (rounded down to the nearest 0.5 mm) that has been applied (i.e.,
AT(DK+0.5)). In order to apply the notation AT, the additional thickness must be applied to the complete
structural element throughout the tank area of the floating terminal. This notation documents major areas
of the structure that have an additional “as-built” margin on thickness to address areas subject to significant
corrosion or areas where it may be desirable to increase normal corrosion margins to extend a structural
member’s anticipated service life. This notation is optional and is only available to new construction
FLGTs.

The major structural components are defined as follows:

DK Upper deck

ID Inner deck

SD Second deck

BS Bottom shell (including bilge)

IB Inner-bottom

BG Watertight bottom girder

SS  Side shell (including shear strake)
ST Watertight side stringer

IS  Inner skin (including “hopper” sloping plating)
CB Centerline cofferdam bulkhead
TB Transverse Bulkhead

LNG Carriers with Re-gasification Facilities (1 September 2010)

In some cases, an Owner may elect to install a re-gasification facility on a new or existing trading LNG
carrier so that the vessel may load and transport LNG and then re-gasify for direct discharge ashore. When
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71

7.3

11

such a facility is installed on an ABS-classed LNG carrier, the re-gasification facilities may be eligible for
ABS certification which will be denoted with the additional notation (LNG) R — Re-gasification Facility,
so that the class notation as it appears in the Record will be:

¥ A1 Liquefied Gas Carrier, (LNG) R

% AMS Notation

Machinery and boilers for self-propulsion that have been constructed and installed to the satisfaction of the
ABS Surveyors to ABS’s Rule requirements, when found satisfactory after trial and approved by the
Committee, will be classed and distinguished in the Record by the notation ® AMS. This notation is
mandatory for classification of self-propelled floating terminals built under ABS survey, classed and
distinguished in the Record by the symbol ® A1.

Notations for Automatic or Remote Control and Monitoring Systems

# ACC and # ACCU Notations

For automatic or remote control and monitoring systems of the propulsion machinery, ABS will consider
additional classifications with symbols # ACC or # ACCU, as appropriate, provided that the applicable
requirements of Part 4, Chapter 9 of the Marine Vessel Rules are satisfied .

" AMCC and ® AMCCU Notations

For automatic or remote control and monitoring systems of the machinery other than the propulsion
machinery as referenced in 1/1 of the ABS Guide for Remote Control and Monitoring for Auxiliary
Machinery and Systems (other than Propulsion) on Offshore Installations, ABS will consider additional
classifications with symbols ® AMCC or ® AMCCU, as appropriate, provided that the applicable
requirements of the ABS Guide for Remote Control and Monitoring for Auxiliary Machinery and Systems
(other than Propulsion) on Offshore Installationsare satisfied.

Temporary Mooring Equipment Symbol “E)”

When requested by the Owner, for self-propelled floating terminals, the symbol & may be placed after the
symbols of classification in the Record, thus ® A1 @), which will signify that the equipment for
temporary mooring is in compliance with 3-4-1/3 of the MOU Rules or Part 3, Chapter 5 of the Marine
Vessel Rules.

Application of Class Notations (7 June 2013)

Classification boundaries encompass the floating terminal, position mooring system, import/export
systems (see 2-2/11.9 and 2-2/11.11 of this Guide) and may include the processing facilities.

The class notations described above cover the following components:

i) Floating offshore liquefied gas terminal, including the terminal’s hull structure, stability,
equipment, marine machinery and all electrical systems under one of the notations in 2-1/1 to
2-1/7 of this Guide, subject to the requirements of this Guide

ii) Position mooring systems according to the requirements of the FPI Rules

iii) Gas processing, production and liquefaction facilities according to the requirements of this Guide
and the applicable sections of the Facilities Rules

iv) Liquefied gas storage facilities (Containment Systems) in accordance with the requirements of this
Guide and the applicable sections of Part 5C, Chapter 8 of the Marine Vessel Rules

v) Inlet and outlet facilities in accordance with the requirements of this Guide
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vi) LNG and GNG (Gaseous Natural Gas/LNG vapor) handling systems in accordance with the
requirements of this Guide and the applicable sections of Part SC, Chapter 8 of the Marine Vessel

Rules
vii) Re-gasification facilities in accordance with the requirements of this Guide
viii) Safety systems in accordance with the requirements of this Guide
ix) Helicopter landing area in accordance with the requirements of this Guide and the applicable

sections of the Marine Vessel Rules and FPI Rules

x) Dynamic positioning systems where installed in accordance with the applicable section of the
Marine Vessel Rules

xi) Superstructure and deckhouse structure

xii) Appurtenant structures, including lifeboat platforms and crane pedestals and foundations

A floating offshore liquefied gas terminal that is classed to the following notations includes the following

elements:
TABLE 1
Floating Terminal Configuration (7 August 2023)
Structure | Storage Gas Liquefaction | Gasification | Position | Import | Export | Risers | Min. System
Processing Mooring | Systems | Systems | and Compliance
Flow Required
Lines

F (LNG) X X X X - X X X Optional X
PLSO
F (LNG) X X - - X X X X Optional X
ORS
F (LNG) X X - - - X X X Optional X
SO
F(LNG)| X X - - - X - X - X
T
Notes:

P = Process

L = Liquefaction

S = Storage

O = Transfer of Liquefied Gas (Offloading/Loading)

R = Re-gasification

T = Terminal with processing facilities which are not classed
1. Refer to 2-1/1.1 and 2-2/5.

As noted in 2-1/1.1, for F(LNG)T notation, the gas processing, production and liquefaction facilities are
not within the scope of class. However, the essential safety features of these facilities are to comply with
the ABS requirements. The essential safety features to be addressed are outlined in 2-1/11 TABLE 2 below.
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TABLE 2
F(LNG)T Notation (1 June 2013)
System/Equipment FLGT Guide
Facilities Layout 2-2/13
Area Classification 2-2/15
Export System (Cargo discharge system including loading arms ) 2-2/11.11

Means to handled leaked LNG cargo in the event of failure of the primary barrier of any one
cargo tank for containment systems required to have a secondary barrier.

2-2/9.1, Note 2

Means to inert containment system , insulation systems and offloading systems

2-2/9 and 2-2/11.11

Means for handling natural boil-off from containment system and excess vapor return from the
cargo discharge operations

2-2/9 and 2-2/11.11,
Note 3

Electrical System Circuit Protection

2-2/19

Electrical power supply, including generators and their prime movers and associated switchgear
for all marine, safety systems and cargo discharge operations.

2-2/19

Electrical Installations in Classified Areas

2-2/15,2-2/19

Fire Water Systems 2-2/23.7
Dry Chemical Systems, as applicable 2-2/23.7
Fixed Fire Extinguishing Systems 2-2/23.7
Paint Lockers, Laboratory Spaces, and Flammable Material Store Rooms 2-2/23.7

Emergency Control Station

2-2/23.7,2-2/23.15

Operation After Facility Total Shutdown

Note 4

Portable and Semi-portable Extinguishers

2-2/23.7

Gas and Fire Detection Systems

2-2/23.3,2-2/23.5

Structural Fire Protection

2-2/23.9,2-2/13.9

Muster Areas Note 5

Means of Escape 2-2/23.13
Lifesaving Requirements 2-2/23.11
Personnel Safety Equipment and Safety Measures 2-2/23.11

Process System Description

2-1/13.7.1, Note 6

Notes:

1 ABS Guide for Building and Classing Floating Offshore Liquefied Gas Terminals (FLGT Guide).

2 This may include transfer to other tanks provided required volume is available (reserved) or jettison of cargo
overboard which would require that temporary equipment is provided onboard to facilitate same or other
arrangements.

3 The means of handling boil off gas from hull tanks under normal conditions and also during total process

shutdown is to be submitted for ABS Engineering review. This may include the flare system or components of

the flare system.

4 Operation after Facility Total Shutdown to be in accordance with 3-8/5.13 of the ABS Rules for Building and

Classing Facilities on Offshore Installations (Facilities Rules).
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5 Muster Area to be in accordance with 3-8/11 of the Facilities Rules.

6 Process System Description used as reference only.

13 Plans and Data to be Submitted

(2011) Plans and data to be submitted for design review shall generally be submitted electronically to ABS.
However, hard copies will also be accepted. Proceeding paragraphs of this Subsection “Plans and Data to
be Submitted” cover submittals for the full variety of Class Notations. The actual extent of plans and data
to be submitted depend upon the equipment, machinery and systems installed on the terminal and
requested for Classification by the Owner.

13.1 Design Plans and Data for Structures (7 September 2010)

Plans showing the scantlings, arrangements and details of the principal parts of the hull structure of each
floating terminal to be built under survey are to be submitted and approved before the work of construction
has commenced. These plans are to clearly indicate the scantlings, joint details and welding or other
methods of connection. In general, plans are to be submitted that include the following, where applicable:

e General arrangement

e Body plan, lines, offsets, curves of form, inboard and outboard profile
e Wind heeling moment curves or equivalent data

e An arrangement plan of watertight compartmentation

e Diagrams showing the extents to which the watertight and weathertight integrity is intended to be
maintained, the location, type, and disposition of watertight and weathertight closures

e (Capacity plan and tank sounding tables

e Summary of distributions of weights (fixed, variable, ballast, etc.) for various conditions
e Type, location and quantities of permanent ballast, if any

e Loadings for all decks

e Transverse section showing scantlings

e Longitudinal sections showing scantlings

e Decks, including helicopter deck

e Framing, shell plating, watertight bulkheads and flats, structural bulkheads and flats, tank bulkheads
and flats with location of overflows and air pipes

e Pillars, girders, diagonals and struts
e Superstructure and deck houses
e Arrangement and details of watertight doors and hatches

e Foundations for anchoring equipment, industrial equipment, process and process support modules,
etc., where attached to hull structure, superstructures or deckhouses

e Mooring turrets and yoke arms, including mechanical details

e Corrosion control arrangements

e Methods and locations for nondestructive testing

e Plans and calculations/analyses for the module structures to support process facilities
e Plans and calculations/analyses for module support structures

e Hull Construction Monitoring Plan
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13.1.1 Site Condition Reports

The site condition reports, comprised of the environmental and soil data, are to be submitted. For
details, refer to Section 3-2-4 of the FPI Rules. The principal purpose of these reports is to
demonstrate that site conditions have been evaluated in establishing design criteria. Among the
items to be discussed are:

i) Environmental conditions of waves, winds, currents, tides, water depth, air and sea
temperature and ice

ii) Seabed topography for design of anchoring systems, stability and pertinent geotechnical
data
iii) Seismic conditions

Where appropriate, data established for a previous installation in the vicinity of the installation
proposed for classification may be utilized if acceptable in the opinion of ABS.

13.1.2 Design Data and Calculations

Information is to be submitted for the terminal which describes the methods of design, and
analysis, which were employed to establish its design. The estimated design service life of a
terminal is also to be stated. Information for marine systems such as P & IDs, specifications, etc.,
is also to be submitted. Where model testing is used as a basis for a design, the applicability of the
test results will depend on the demonstration of the adequacy of the methods employed, including
enumeration of possible sources of error, limits of applicability and methods of extrapolation to
full-scale data. Preferably, procedures should be reviewed and agreed upon before model testing is
done.

As required in subsequent sections, calculations are to be submitted to demonstrate the sufficiency
of the proposed design. Such calculations are to be presented in a logical and well-referenced
fashion employing a consistent system of units. Where the calculations are in the form of
computer analysis, the submittal is to provide input and output data with computer generated plots
for the structural model. A program description (not listings), user manuals and the results of
program verification sample problems may be required to be submitted.

13.1.3 Plans and Specifications

Plans or specifications depicting or describing the arrangements and details of the major items of
the terminal are to be submitted for review or approval in a timely manner.

Where deemed appropriate, and when requested by the Owner, a schedule for information
submittal and plan approval can be jointly established by the Owner and ABS. This schedule,
which ABS will adhere to as far as reasonably possible, is to reflect the construction schedule and
the complexity of the terminal as it affects the time required for review of the submitted data.

13.1.4 Information Memorandum

An information memorandum on the floating terminal is to be prepared and submitted to ABS.
ABS will review the contents of the memorandum to establish consistency with other data
submitted for the purpose of obtaining classification. ABS will not review the contents of the
memorandum for their accuracy or the features described in the memorandum for their adequacy.

An information memorandum is to contain, as appropriate to the terminal, the following:

e Site plan indicating the general features at the site and the exact location of the terminal

e Environmental design criteria, including the recurrence interval used to assess environmental
phenomena (see 2-2/1.1.1)

e Plans showing the general arrangement of the terminal

e Description of the safety and protective systems provided
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e The number of personnel to be normally stationed at the terminal

e Listing of governmental authorities having cognizance over the terminal
e Listing of any novel features

e Brief description of any monitoring proposed for use on the terminal

e Description of transportation and installation procedures

13.3 Design Plans and Data for Position Mooring Systems
The design documentation for the mooring system is to include the following, when applicable:

e Mooring arrangement or pattern

e Details of winching equipment

e Details of anchoring system

e Details of mooring line segments

e Connections at anchors and between mooring line segments

e Details of in-line (spring) buoys

e Details of buoy for Catenary Anchor Leg Mooring (CALM) system

e Details of Single Anchor Leg Mooring (SALM) structures, if appropriate

e Details of Turret System to show turret structure, swivel, turntable and disconnecting device
e Details of yoke (hard or soft) connecting the floating terminal and CALM/SALM structure
e Environmental Report

e Mooring Analysis describing method of load calculations and analysis of dynamic system to determine
the mooring line design loads

e Model Test report when the design loads are based on model tests in a wave basin

e Thruster specifications and calculations of a system with dynamic positioning system for thruster
forces and power to counteract environmental forces (See Sections 3-2-3 and 3-2-4 of the FPI Rules.)

13.5 Design Plans for Liquefied Gas Containment System, Liquefied Gas and GNG
Handling Systems

The following plans, calculations and information, as appropriate, are to be submitted in addition to those
required by Section 1-1-7 of the ABS Rules for Conditions of Classification - Offshore Units and
Structures (Part 1):

e Full particulars of the intended cargo and its properties, including flashpoint, maximum vapor
pressure, minimum and maximum temperature and loading and storage procedures

e General arrangement plans of the floating terminal showing the position of the following:

i) Liquefied gas containment system, fuel oil, water ballast and other tanks and void spaces

ii) Manbholes and any other opening of the cargo tanks

iii) Doors and other openings in cargo pump and compressor rooms and other gas-dangerous
rooms

iv) Ventilation ducts of cargo compressor rooms and other “gas-dangerous” spaces

v) Door, air-locks, manholes, ducts and other openings for “non-gas-dangerous” spaces which

are, however, adjacent to the cargo area, including rooms inside and under the forecastle deck

vi) Cargo piping, both liquid and gaseous phases, located under and above deck
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vii) Vent piping and gas-freeing piping and protective devices such as flame screens, etc. fitted at
the outlet end of the vents etc.

viii) Gas-dangerous spaces

e Plans of the floating terminal structure in way of the cargo tanks, including the installation of
attachments, accessories, internal reinforcements, saddles for support and tie-down devices

e Plans of the structure of the cargo containment system, including the installation of attachments,
supports and attachment of accessories. For independent pressure cargo tanks, the standard or Code
adopted for the construction and design is to be identified. Detailed construction drawings together
with design calculations for the pressure boundary, tank support arrangement and analysis for the load
distribution. Anti-collision, chocking arrangement and design calculations.

e Distribution of the grades and of the types of steel proposed for the structures of the terminal together
with the calculation of the temperatures on all of the structures which can be affected by the low
temperatures of the cargo

e Results of direct calculations of the stresses in the floating terminal structure and in the cargo
containment system

e A sloshing analysis to demonstrate that the liquefied gas storage tanks, the containment system and the
structure can withstand loads under conditions of partially filled tanks to any level consistent with the
operations procedures. The description of analysis tools and supporting documents for the validation
of the tools are to be provided.

e Specifications and plans of the insulation system and calculation of the heat balance
e Thermal heat analysis determining the liquefied gas boil-off rate from the storage tanks

e C(Calculations to show the means provided for handling the boil-off gas from storage tanks without
causing overpressurization in the tanks

e Procedures and calculations of the cooling down, loading and unloading operations

e Loading and unloading systems, venting systems and gas-freeing systems as well as a schematic
diagram of the remote controlled valve system

e Details and installation of the safety valves and relevant calculations of their relieving capacity

e Details and installation of the various monitoring and control systems, including the devices for
measuring the level of the cargoes in the tanks and the temperatures in the containment system

e Schematic diagram of the ventilation system indicating the vent pipe sizes and height of the openings
above the main deck

e Schematic diagram of the refrigeration system together with the calculations concerning the
refrigerating capacity for a re-liquefaction plant, if provided

e Details of the electrical equipment installed in the cargo area and of the electrical bonding of the cargo
tanks and piping

e Where fitted, plans and specifications relevant to the use of the cargo as fuel for boilers and internal
combustion engines (general installations; schematic diagram of the fuel-gas lines with the indication
of all the valves and safety devices; compressors of the fuel gas and relevant engines; fuel-gas heaters
and pressure vessels; installation of the burners of the fuel-gas and of the fuel oil; electrical bonding
systems).

e Details of testing procedures of cargo tanks and liquid and vapor systems
e Diagram of inert-gas system or hold-space environmental control system
e Diagram of gas-detection system

e Jettison arrangements, if provided

e Details of all cargo and vapor handling equipment
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e Welding procedure for cargo tanks, liquefied gas and GNG piping systems

e Emergency shutdown arrangements

e Construction details of cargo and booster pumps and compressors, including material specification

e Hazardous areas drawing showing access, openings, vent outlets

e Bilge and ballast arrangement for the cargo area

e Emergency towing arrangement

13.7 Design Plans for Process Facilities, Support and Safety Systems
13.7.1 Process and Re-Gasification Facilities

The process system description

Project specification and overall process concept evaluation
Process flow sheets

Heat and mass balance

Equipment layout drawings

Area classification and ventilation drawings

Piping and instrument diagrams (P & IDs)

Safety analysis function evaluation (SAFE) charts

Shutdown and emergency shutdown system to include a hazard analysis and Failure Modes
and Effects Analysis (FMEA) to identify critical components

Pressure relief and depressurization systems
Flare and vent systems
Spill containment, closed and open drain systems

Process equipment documentation, including calculation showing suitability of all pressurized
components in the system to withstand the maximum design pressure that a specific
component is likely to encounter in service

Process piping systems
Packaged process units
The monitoring and control system for the entire system pressure regulation and gas
dispersion system (to include calculations for sizing of the venting system and the relief
valve) radiant heat analysis to demonstrate that the radiant heat intensity at any deck level or

location where normal maintenance or operating activity could take place is not exceeding
API RP 521 recommendations

13.7.2 Process Support and Service Systems

Piping and Instrument Diagrams (P&IDs) for each system

Equipment documentation

Process support piping specifications

Specification data sheets for internal combustion engines and turbines
Specification data sheets for cranes (Optional)

Marine support systems, as required by the ABS Rules applicable to the type of floating
terminals
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13.9 Electrical Installations
e Electrical one-line diagrams

e Short-circuit current calculations

e Coordination study

e Specifications and data sheets for generators and motors

e Specifications and data sheets for distribution transformers

e Details of storage batteries

e Details of emergency power source

e Standard details of wiring cable and conduit installation practices
e Switchboards and distribution panel

e Panel board

e Installations in classified areas

13.11 Instrumentation and Control Systems

e General arrangements

e Data sheet

e Schematic drawings - electrical systems

e Schematic drawings - hydraulic and pneumatic systems

e Programmable electronic systems

13.13 Fire Protection and Personnel Safety

e Firewater system

e  Water spray (Deluge) systems for deckhouse, superstructure and manifold areas
e Water spray (Deluge) systems for process equipment

e Dry powder system for liquefied gas storage tank area

e Fixed fire extinguishing systems

e Paint lockers and flammable material storerooms

e Emergency control stations

e Portable and semi-portable extinguishers

e Fire and gas detection and alarm systems

e Fire and gas cause and effect chart

e Structural fire protection (which indicates classification of all bulkheads and decks for quarters
section, machinery spaces and processing facilities)

e Heating ventilation and air conditioning (HVAC) plan [including air handling unit (AHU)], location,
duct layout, duct construction and bulkhead and deck penetration details

e Joiner detail arrangement and structural fire protection material certification
e Guard rails

e Escape routes (may be included on the fire control plan or separate plan)

e Lifesaving appliances and equipment plan (escape routes must be indicated)

e Insulation of hot surfaces
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13.15

15

17

e Fire and explosion hazard analysis

e Due to the varying configurations of the project, some portions of these requirements may not be
applicable

Procedures
Procedures are to be submitted for the following:

e Installation procedures for loading sections of the terminal structure, deck area, process modules decks
and topsides

e Installation procedures for carrying out all installation work offshore including foundation preparation
platform installation and completion

e Disconnecting Procedure, if applicable
e Drydocking Procedure

e Hook Up Procedures

e Import/Export System

e Installation Procedures

e Startup and Commissioning Procedures

e Survey and Inspection Planning Document

Loading Manual (Operating Manual)

A loading manual is to be prepared and submitted for review pertaining to the safe operation of the floating
terminal from a strength point of view. This loading manual is to be prepared for the guidance of and use
by the personnel responsible for loading/unloading the floating terminal. The manual is to include means
for determining the effects of various loaded, transitional and ballasted conditions upon the hull girder
bending moment and shear force and is to be furnished to the master of the floating terminal for guidance.
In addition, a loading instrument suitable for the intended service is to be installed on the terminal. The
check conditions for the loading instrument and other relevant data are to be submitted for review.

An operating manual is required for the marine operation of all floating liquefied gas terminals, containing
the information listed in Section 1-1-5 of the MOU Rules [Supplement to the ABS Rules for Conditions of
Classification - Offshore Units and Structures (Part 1)] and 5B-1-4/11 of the FPI Rules, as applicable. The
aforementioned loading manual may be included in the overall operating manual or issued as a separate
document. The loading manual, if issued as a separate document, is to be referenced in the overall
operating manual. Further, where Disconnectable is requested as an additional classification notation,
the operating manual is to include procedures for disconnection and reconnection of the installation to its
mooring and riser system. (See 3-4-1/13 and 7-1-5/3 of the FPI Rules.)

Trim and Stability Booklet (Operating Manual)

In addition to the loading manual, a floating terminal is to be provided with sufficient information to guide
the master and other responsible personnel in the safe loading, transfer and discharge of cargo and ballast
with respect to the hull’s trim and stability. The information is to include various loaded, transitional and
ballasted example conditions over the full range of operating drafts together with stability criteria to enable
the responsible personnel to evaluate the intact and damage stability of any other proposed condition of
loading.

This information may be prepared as a separate trim and stability booklet or may be included in the overall
operating manual. If issued as a separate document, the trim and stability booklet is to be referenced in the
overall operating manual. In addition to the booklet or section of the operating manual, the stability
guidance information also may be incorporated as part of the loading instrument described in 2-1/15. (See
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3-2-1/7 and Part 3, Chapter 3, of the Marine Vessel Rules, Regulation 10 of the 1966 Load Line
Convention, Regulation 25 of MARPOL 73/78.)

19  Stability (7 August 2017)

The intact and damage stability of the installation are to be evaluated in accordance with the requirements
of the flag and coastal States. In addition, the requirements of the 1966 Load Line Convention, IMO Code
on Intact Stability, IMO MODU Code, IGC Code, and MARPOL 73/78 are to be considered as applicable.
In the absence of flag or coastal State requirements, Section 3-3-1 of the MOU Rules is to be complied
with. See 2-1/17 of this Guide for general requirements pertaining to the makeup and issuance of loading
guidance with respect to stability.

21 Lightweight Data

The lightweight and center of gravity are to be determined for floating terminals. An inclining test will be
required for the first floating terminal of a series, when as near to completion as practical, to determine
accurately the lightweight and position of center of gravity. An inclining test procedure is to be submitted
for review prior to the test, which is to be witnessed by an ABS Surveyor.

23 Load Line

Every floating terminal is to have marks that designate the maximum permissible draft to which the
terminal may be loaded. Such markings are to be placed at suitable visible locations on the hull or structure
to the satisfaction of ABS.

Except where otherwise permitted by the flag and coastal States, load line marks are to be established
under the terms of the International Convention of Load Lines, 1966.

The floating terminal’s arrangements are to comply with all applicable regulations of the International
Convention on Load Lines.
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1 Environmental Conditions (7 September 2012)

The floating terminal is to be designed for load scenarios encountered during transit and site-specific
conditions. Site-specific conditions are to include both the Design Environmental Condition and the
Design Operating Condition.

1.1 Position Mooring

Unless the terminal is classed with the notation (Disconnectable), # AMS, floating terminals are to be
capable of remaining on station under the most adverse environmental conditions specified in 2-2/1.1.1 of
this Guide through a position mooring system. The position mooring system may be comprised of a
conventional anchor mooring system or Single Point Mooring (SPM) systems such as: Catenary Anchor
Leg Mooring (CALM), Single Anchor Leg Mooring (SALM), Turret Mooring, etc. The design,
fabrication, installation, deployment and testing is to be in compliance with the requirements of this section
of the FLGT Guide and Part 6 of the FPI Rules.

The position mooring system of a floating terminal is to be designed to survive in the Design
Environmental Condition and operate in the Design Operating Condition. For a disconnectable mooring
system, the limiting condition at which the mooring system is to be disconnected or reconnected is to be
specified.

1.1.1 Design Environmental Condition (DEC)

The Design Environmental Condition (DEC) is defined as the extreme condition with a specific
combination of wind, waves and current for which the system is to be designed.

The DEC is to be one of the following combinations that results in the most severe loading case:

e 100-year waves with associated wind and current.
e 100-year wind with associated waves and current.

e 100-year current with associated waves and wind.
In areas with high current, additional design environmental load cases may need to be considered.

The 100-year waves are normally characterized by a significant wave height with a spectral shape
type and a range of associated peak wave periods.
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1.1.2

113

1.1.4

A minimum return period of 100 years for the DEC is required for floating terminals. A minimum
return period of 50 years will be specially considered if it is accepted by the coastal state. Any
environmental combinations with return periods shorter than that of the DEC which induce larger
mooring load responses are also to be used in the design.

For a floating terminal with a Disconnectable notation (see 2-1/3.1 of this Guide), the
DISconnecting Environmental Condition (DISEC) of the mooring system is the limiting extreme
environmental condition at which the terminal is to be disconnected from the mooring system.
However, the permanent mooring system, i.e., the mooring system alone (without the terminal), is
to be designed to withstand an environmental condition based on a 100-year recurrence period. An
acceptable monitoring system is to be provided for tracking environmental conditions or mooring
line tensions in order to assist in the decision to disconnect the terminal from the mooring system.

In addition to waves, wind and current, the design of the floating terminal may require
investigation of the following environmental factors, as appropriate to the type of terminal
structure and the terminal’s operating site:

i) Tides and storm surges
ii) Air and sea temperatures
iii) Ice and snow

iv) Marine growth

v) Seismicity

vi) Sea ice

Other phenomena, such as tsunamis, submarine slides, seiche, abnormal composition of air and
water, air humidity, salinity, ice drift, icebergs, ice scouring, etc., may require investigation
depending upon the specific operating site.

The required investigation of seabed and soil conditions is described in Section 3-2-5 of the
Offshore Installations Rules.

Design Operating Condition (DOC)
The Design Operating Condition (DOC) is defined as the limiting environmental condition that

would require suspension of normal operations. The return period associated with the DOC shall
be the larger of: a) the value as specified by the Operator, or b) one year.

Design Installation Condition (DIC)

The Design Installation Condition (DIC) is defined as the limiting environmental condition that
would require suspension of terminal operations. Specific limits on environmental conditions
affecting safe operation during the installation phases described in Part 3, Chapter 4 of the FP/
Rules are to be established and documented.

Angular Separation of Wind, Current and Waves

For single point mooring systems, which allow the terminal to weathervane, both collinear and
non-collinear directions among wind, current and waves are to be considered. Proper angular
separation for the DEC of wind, current and waves is to be determined based on the site-specific
environmental study. If this information is not available, the following two angular combinations
for non-collinear environments can be considered as a minimum:

i) Wind and current are collinear and both at 30 degrees to waves.

ii) Wind at 30 degrees to waves and current at 90 degrees to waves.
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For spread mooring systems with limited change in the terminal’s heading angles (less than 20
degrees) under design environmental loads, the collinear environments of wind, current and
waves, which are generally controlling, can be used in design.

For each design sea state, a long-crested sea without spectral energy spreading in direction is
normally considered in the mooring analysis.

1.3 Structural Strength and Fatigue Life

1.31

1.3.2

On-Site Location

The site-specific environmental conditions, including both 100-year return period environmental
events and wave scatter diagram data of wave height/period joint occurrence distribution, are to be
considered for the terminal’s hull strength and fatigue life assessment. Fatigue life assessment is
also to include the effects of on-site operational loading and unloading cycles. A minimum return
period of 100 years for the design response should be used for the DEC criteria per API RP 2T. A
minimum return period of 50 years for the structural response may be specially considered,
provided that it is accepted by the Coastal State. Different environmental conditions may induce
different worst responses on various parts of the hull structure. The wave-induced maximum
motion responses and maximum structural load effects may result from different wave periods.
Therefore, the following two environmental conditions are to be considered to derive the
maximum motion responses and maximum structural load effects. The larger of the two values
obtained from i) and ii) is to be considered the maximum response:

i) 100-year return period waves characterized by a significant wave height with a range of
associated peak wave periods. Both winter storms and tropical cyclones (hurricanes or
typhoons), if any, need to be considered.

ii) Wave scatter diagram data of wave height/period joint occurrence distribution. The length
of time on which the data base for the wave scatter diagram data is constructed is long
enough to be a reliable basis for design (preferably at least five years). The occurrence
distribution is to be annualized with equal probability of occurrence for each data point.
Each data point is to represent a sea state of approximately three hours in a continuous
time duration of the database.

For both of the above environmental conditions the following are also to be considered:

i) Wave directions of head seas and other directions relative to the terminal’s heading,
including the effects of wind and current, with proper probability distribution are to be
considered, irrespective of the type of mooring system utilized.

ii) As appropriate, either long-crested seas or short-crested seas with spreading function are
to be considered for various design issues.

Transit

The wind and wave conditions representing the environment for the transit route from the building
or outfitting site (or the shipyard where the conversion modifications are made) to the project site
and the time of the year are to be determined for the design of a floating terminal. Except for
floating terminals that qualify for the Disconnectable classification notation, any other transit
conditions occurring during the operational life of the floating terminal are to be submitted for
review. Prior to commencement of such a voyage, an ABS Surveyor is to attend and survey the
terminal to assess its condition.

As a minimum, the wind speed and significant wave height of 10-year return period are to be
considered, unless a weather routing plan is to be implemented for the voyage. Seasonal effects on
the design environments as appropriate for the proposed transit duration can be considered.
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In addition to the check on the terminal’s hull strength during transit, special attention is to be paid
to items such as crane pedestals and process equipment supports that will be subject to motion-
induced loading and/or effects of green water. Motion-induced loads during transit are to be
calculated and the superstructures and their supports, which are included in the scope of
classification, shall be verified against these loads.
If fitted with an internal turret, special consideration is to be given to bottom slamming to preclude
damage to the turret supports and bearings.
1.3.3 Disconnectable Terminals
For Disconnectable floating terminals that are disconnected from its mooring and riser systems
due to the occurrence of a limiting extreme environmental condition, the structural strength of the
terminal shall comply with unrestricted service (North Atlantic) conditions. However, if the
Disconnectable floating terminal is restricted to a specific service area in proximity to its operating
site location, reduced design load parameters may be applied with an appropriate limited area of
disconnected service notation provided that it is accepted by local authorities or regulations. See
2-1/3.1 for class notation.
1.3.4 Strength and Fatigue Life
Hull strength and fatigue life assessment are calculated according to 2-2/7 of this Guide for a
given on-site location and transit route.
3 Design Basis
The design of the unit and the facilities on the installation for gas processing, liquefaction, storage, re-
gasification, including importing of raw gas or liquefied gas and exporting of processed gas or liquefied
gas, is to be in accordance with the criteria defined in this Guide, including any additional prevention or
mitigation safeguards identified in the risk assessment required in 2-2/5 of this Guide.
In addition to the requirements mentioned above, it is also the responsibility of the designer, Owner and
operator to comply with any additional requirements that may be imposed by the flag State or the coastal
State or any other jurisdictions in the intended area of deployment and operation. This would include
requirements for importing and exporting pipelines.
The complete basis for the design is to be stated in the operations manual and is to include the intended
location, the envelope of environmental operating conditions and the storage capacities and throughputs of
the production/re-gasification systems.
5 Risk Assessment (7 August 2023)

A Risk Assessment shall be carried out to identify significant hazards and accident scenarios that may
affect the installation or any part thereof, and consider the benefit of existing or potential risk control
options.

The objective of the risk assessment is to identify areas of the design that may require the implementation
of risk control measures to reduce identified risk(s) to an acceptable level. For this purpose, a systematic
process is to be applied to identify situations where a combination or sequence of events could lead to
undesirable consequences such as property damage, personnel safety and environmental damage at an
acceptable frequency.

For installations classed with F(LNG)T notation, the topside module structures may be excluded from the
scope of class subject to submission and review of a risk assessment considering damage to and eventual
failure of any topside structure supporting equipment and/or piping containing cryogenic fluid due to the
above-mentioned reasons demonstrating the risk to the safety of the crew, environment and hull structure
falls within the acceptable risk criteria.
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The risk assessment is to consider, as a minimum, the following events:

i) Damage to the primary structure and topside structure due to extreme weather, impact/collision,
dropped objects, helicopter collision, exposure to unsuitably cold temperatures, exposure to high
radiant heat

ii) Fire and explosion

iii) Loss of primary liquid containment (for a duration to be determined based on an approved
contingency plan)

iv) Liquefied gas leakage

v) Release of flammable or toxic gas to the atmosphere or inside an enclosed space
vi) Roll-Over (thermodynamic instability due to liquefied gas stratification)

vii) Loss of stability

viii) Loss of any single component in the station keeping/mooring system

ix) Loss of ability to offload liquefied gas or discharge gas ashore

x) Loss of any one critical component in the process system
xi) Loss of electrical power
Commentary:

Various risk assessment techniques can be used to identify and address risk. For risk assessment techniques that can be
included, refer to the ABS Guidance Notes on Risk Assessment Applications for the Marine and Offshore Industries or
IEC/ISO 31010 “Risk management — Risk assessment techniques”.

End of Commentary

The identified risk control options (prevention and mitigation measures) deemed necessary to be
implemented should be considered part of the design basis of the terminal.

ABS recommends that early in the project a risk assessment plan be developed, documented and submitted
to ABS for review prior to conducting the risk assessment. During review of the plan, an agreement will be
reached on the extent of ABS participation and/or monitoring of project-related risk studies. ABS’s
participation in and/or monitoring of key tasks (e.g., Hazard Identification meetings) is necessary in order
to establish a minimum level of confidence on the risk assessment results.

7 Structure - Floating Terminal

Chapter 3 of this Guide and the FPI Rules, directly and by reference to other standards, present the criteria
deemed most applicable to the structural design of Floating Offshore Liquefied Gas Terminals. Major
portions of the structural criteria from these ABS standards are excerpted and modified below to reflect
envisioned liquefied gas terminal service. This has been done for the convenience of users and to concisely
present in this Guide the main structural design and construction features included in the scope of
Classification and the criteria to be applied. Reference should be made to the aforementioned Chapter 3
and FPI Rules for additional background on the referenced criteria.

71 Floating Steel Terminals
711 General
7.1.1(a) Basic Principle.

The design and construction of steel floating liquefied gas and/or liquefied gas vapor terminal
structures are to be based on the applicable requirements in Chapter 3 of this Guide and the , with
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7.1.2

713

modifications to reflect the service of terminals positioned to a fixed site on a long term basis and
cryogenic temperature of the cargo, as indicated in this Guide.

7.1.1(b) Referenced Rules and Guides.
Refer to 1-1/11 of this Guide.

7.1.1(c) Proportion.

The requirements contained in this Guide are applicable to floating offshore liquefied gas
terminals, having lengths of 150 meters (492 feet) or more, but not exceeding 500 m (1640 ft) in
length, having breadths not exceeding one-fifth of the length nor 2.5 times the depth to the
strength deck. Floating terminals beyond these proportions will be reviewed on a case-by-case
basis.

7.1.1(d) Types of Tanks.
In this Guide, the following types of tanks are considered:

e Membrane tanks
e Type B (IMO Gas Carrier Code) independent tanks
e Other tanks subject to special consideration

7.1.1(e) Access for Inspection.

In the design of the terminal, consideration should be given to providing access for inspection
during construction and, to the extent practicable, for survey after construction.

7.1.1(f) Steel-Concrete Hybrid Structures.

The steel portions of a steel-concrete hybrid structure are to be designed in accordance with the
requirements of 2-2/7.1 of this Guide, and the concrete portions are to be designed as specified in
2-2/7.3. Any effects of the hybrid structure interacting on itself in areas such as corrosion
protection should be considered.

7.1.1(g) Steel-Concrete Composite Structures.

Steel-concrete composite structures are to be designed in accordance with 2-2/7.1 of this Guide
and the AISC, "Allowable Stress Design".

Materials and Welding
7.1.2(a) Material.

This Guide is intended for terminals of welded construction using steels complying with the
requirements of Chapter 1 of the ABS Rules for Materials and Welding (Part 2) and Section
5C-8-6 of the Marine Vessel Rules. Use of materials other than those mentioned and the
corresponding scantlings will be specially considered.

7.1.2(b) Selection of Material Grade.

The selection of structural steel material grade for hull and tanks is to be in accordance with
3-1-2/3.1 and 5C-8-4/19 of the Marine Vessel Rules. The ABS Rules for Materials and Welding
(Part 2) is one of the "Recognized Standards" in 5C-8-4/19.1.2 of the Marine Vessel Rules.

7.1.2(c) Welding.

The welding is to be in accordance with Section 2-4-1 of the ABS Rules for Materials and
Welding (Part 2) and 5C-8-4/20 of the Marine Vessel Rules.

Survival Capability and Location of Cargo Tanks

Floating terminals are to comply with the survival capability and cargo tank location requirements
in Section 5C-8-2 of the Marine Vessel Rules.
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7.1.4 Structural Analysis

Scantlings of plating, stiffeners and deep supporting members and hull girder strength are first to
be determined in accordance with 2-2/7.1.4(a). A total strength assessment of the structure with
the scantlings so determined is to be carried out in accordance with 2-2/7.1.4(b). A hull interface
structural analysis is to be carried out in accordance with 2-2/7.1.4(c).

7.1.4(a) Initial Hull Scantlings.

The initial thickness of plating, the section modulus of longitudinals/stiffeners, the scantlings of
the main supporting structures, and the hull girder strength are to be determined in accordance
with the following paragraphs:

i) Membrane Tank Terminals. The initial scantlings are to be in accordance with Section
3-4.
ii) Type B Independent Tank Terminals. The initial scantlings are to be in accordance with

Section 3-4 of this Guide and 5C-8-1/11 of the Marine Vessel Rules.

7.1.4(b) Total Strength Assessment (1 September 2012).

A total strength assessment of the structure, with scantlings initially selected in accordance with
2-2/7.1.4(a), is to be carried out against three modes of failure, i.e., yielding, buckling/ultimate
strength and fatigue, to confirm the adequacy of the structural configuration and initially selected
scantlings, as follows:

i) Membrane Tank Terminals. The assessment is to be in accordance with Section 3-5 of this
Guide.
ii) Type B Independent Tank Terminals. The assessment is to be in accordance with Section

3-5 of this Guide and 5C-8-1/11 of the Marine Vessel Rules.

In addition, an assessment in accordance with the Dynamic Loading Approach (DLA) described in
2-1/3.7 or equivalent may be carried out in conjunction with Spectral Fatigue Analysis (SFA).

7.1.4(c) Hull Interface Structural Analysis.

The hull design will also need to consider the interface between the position mooring system and
the hull structure and the interface between deck-mounted (or above-deck) equipment modules
and the hull structure. The interface structure is defined as the attachment zone of load
transmission between the main hull structure and hull mounted equipment, including the position
mooring system. The analysis of the hull interface structure as defined above is to be performed
using direct calculation of local 3-D hull interface finite element models as described in Section
3-7.

7.1.5 Fatigue Analysis
7.1.5(a) General.

The fatigue strength of welded joints and details at terminations located in highly stressed areas
and in fatigue prone locations are to be assessed, especially where higher strength steel is used, as
specified in 2-2/7.1.5(d) of this Guide. These fatigue and/or fracture mechanics analyses, based on
the combined effect of loading, material properties and flaw characteristics, are performed to
predict the service life of the structure and to determine the most effective inspection plan. Special
attention is to be given to structural notches, cut-outs, bracket toes and abrupt changes of
structural sections. It is envisaged that liquefied gas terminals will be designed for a minimum
fatigue life of twenty (20) years.

7.1.5(b) Design Fatigue Life (1 September 2012).

The minimum design fatigue life is the service life multiplied by the Fatigue Design Factor (FDF)
for site-specific service floating terminals using the wave spectrum at that site. Impact on fatigue
life as a result of tow from fabrication to operating site is to be included in the fatigue assessment.

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 32



Chapter
Section

2
2

Design Considerations
Design of Floating Offshore Liquefied Gas Terminals

7.1.6

The design fatigue life will appear in the Record as described in 2-1/3.9 of this Guide.

7.1.5(c) Fatigue Design Factor.

FDF is a factor, equal or greater than one (1) that is applied to individual structural details and
which accounts for: uncertainties in the fatigue assessment process, the consequences of failure
(i.e., criticality), and the relative difficulty of inspection and repair. ABS Guide for the Fatigue
Assessment of Offshore Structures provides specific information on the values of FDF.

7.1.5(d) Process of Fatigue Analysis.

The stress range due to loading and unloading cycles is to be accounted for in the overall fatigue
damage assessment, see 3-5/7 and Appendix 3-Al. The cumulated fatigue damage during the
transit voyage from the fabrication site to the operation site is to be included in the overall fatigue
damage assessment.

i) Membrane Tank Floating Terminals. The fatigue analysis is to be in accordance with
Appendix 3-Al. In addition, a Spectral Fatigue Analysis may be carried out in accordance
with the Spectral Fatigue Procedure for Ship-Shaped FPSOs.

ii) Type B Independent Tank Floating Terminals. The fatigue analysis of the hull structure
and tank structure are to be in accordance with Appendix 3-Al. The fatigue analysis of
the tank supports and chocks shall be in accordance with Appendix 3-Al using finite
element models described in Appendix 3-A5. In addition, a spectral fatigue analysis may
be carried out in accordance with the Spectral Fatigue Procedure for Ship-Shaped FPSOs.

Design Loads for Local Structures
Note:

For the purpose of 2-2/7.1.6, "Transit Condition" means that the terminal is either in: a) transit from/to site with
own propulsion or with propulsion assistance, or b) on site, but in a disconnectable mode with own propulsion. For
the purpose of 2-2/7.1.6, "On-Site Condition" means that the terminal is not in "Transit Condition."

7.1.6(a) Sloshing Loads.

The natural periods of liquid motions and sloshing loads are to be determined and an assessment
carried out of the strength of boundary structures of liquid tanks.

i) Transit Condition. For membrane tank floating terminals, the sloshing pressure heads
given in 3-3/11 and 3-3/13 for membrane tanks and for Type B independent tanks,
respectively,may be used for determining the scantlings. Alternatively, sloshing loads may
be calculated either by model experiments or numerical simulation using three-
dimensional flow analysis for unrestricted service conditions and for sea conditions of the
specific site of operation. Methodology and procedures of tests and measurements or
analysis methods are to be fully documented and submitted for review.

ii) On-site Condition. Sloshing loads are also to be determined for on-site service. 3-3/11 and
3-3/13 for membrane tanks and for Type B independent tanks, respectively,may be
referred to.

7.1.6(b) Forebody Strengthening.

Impact loads on the forebody structure are to be determined for transit and on-site conditions.
Unless one end is specifically designated as the bow, terminals are to be designed with each end as
the bow.

i) Bottom Slamming

e Transit Condition. For terminals with heavy weather ballast draft forward equal to or
less than 0.04L and greater than 0.025L, the bottom slamming pressures are to be
calculated using 3-3/15.3 and the scantlings determined in accordance with 3-6/7.1.
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Floating terminals with heavy weather ballast draft forward equal to or less than
0.025L will be subject to special consideration.
e On-site Condition. For the determination of loads for the on-site condition, refer to
3-3/15.3.
ii) Bowflare Slamming
e Transit Condition. For floating terminals having a bowflare shape parameter greater
than 21 m in the forebody, bowflare slamming loads are to be calculated in
accordance with 3-3/15.5 and the scantlings determined in accordance with 3-6/7.3.
e On-site Condition. For the determination of loads for the on-site condition, refer to
3-3/15.5.
iii) Bow Impact Loads
e Transit Condition. Where experimental data are not available or direct calculation is
not carried out, nominal bow pressures above LWL from the forward end to the
collision bulkhead may be obtained from 3-3/15.1.
e On-site Condition. For the determination of loads for the on-site condition, refer to
3-3/15.1.
iv) Green Water
e Transit Condition. Where experimental data are not available or direct calculation is
not carried out, nominal green water pressure on deck from FP to 0.30L aft, including
the extension beyond the FP, may be obtained from 5C-3-3/5.5.4(b) of the Marine
Vessel Rules. Minimum deck scantlings may then be determined using 5C-3-6/9 of
the Marine Vessel Rules.
e Oun-site Condition. For the determination of loads for the on-site condition, refer to
3-3/15.7.
7.1.6(c) Deck Loads.
Deck loads due to on-deck processing facilities for on-site and transit conditions are referenced in
3-3/17.
7.1.6(d) Terminal Operation.
The expected loads and other demands that will be acting on the floating terminal as a result of the
need to berth and moor vessels are to be considered in the design. These may include vessel
breasting and mooring loads, the presence of fenders and the additional hydrodynamic and gravity
loads that they bring, the need to support bollards and other mooring hardware, etc.
7.1.7 Superstructures, Deckhouses and Helicopter Decks

7.1.7(a) Superstructures and Deckhouses.
The design of superstructures and deckhouses is to comply with the requirements of 3-2-11 of the

Marine Vessel Rules. The structural arrangement of forecastle decks in 3-2-11/9 of the Marine
Vessel Rules is to be satisfied, regardless of speed.

7.1.7(b) Helicopter Decks.

The design of the helicopter deck structure is to comply with the requirements of 3-2-2/3 of the
MOU Rules. In addition to the required loadings defined in 3-2-2/3 of the MOU Rules, the
structural strength of the helicopter deck and its supporting structures are to be evaluated
considering the DOC and DEC environments, if applicable.
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7.1.8 Other Structures
Appurtenant structures such as lifeboat platform for life saving, crane pedestal and pipe racks, for
example, are to comply with the requirements in 3-2-2/9 of the MOU Rules. The design criteria for
other hull structures where not addressed in this Guide or the referenced Rules and Guides are to
conform to recognized practices acceptable to ABS.

7.3 Floating Concrete Terminals
See 2-2/9.7 for prestressed concrete offshore liquefied gas terminals.
9 Containment Systems

The liquefied gas containment system is a mandatory part of ABS classification of the floating terminal’s

structure. The liquefied gas containment system is to be in accordance with the requirements of Section

5C-8-4 of the Marine Vessel Rules or NFPA 59A.

Alternative arrangements for the containment system, such as the use of a properly designed prestressed

concrete structure as a secondary cryogenic barrier, application of membrane lining/barrier systems into

concrete containment components, etc., may be given special consideration.
9.1 Design Features

Unless considered otherwise, the design of the containment system should incorporate the following

features to satisfy the intent of these Rules and Standard:

i) A secondary containment system such that if there is a failure in the primary system, the
secondary system is to be capable of containing the leaked liquid contents for an agreed period of
time consistent with the approved scenarios for the safe disposal of same

ii) There is to be a minimum of two independent means of determining the liquid level in the
liquefied gas storage tanks.

iii) Means to fill the tank from various elevations within the tank to avoid stratification

iv) Independent high and high-high level alarms

v) At least one pressure gauge connected to the vapor space

vi) Two independent overpressure protection devices

vii) Devices for measuring the liquid temperature at the top, middle and bottom of tank

viii) A gas detection system which will alarm high gas concentrations in the space between the primary
and the secondary barrier

9.3 Design Loads

Tanks, together with their supports and fixtures, are to be designed with consideration of proper
combinations of the following loads:

)] Internal pressure

ii) External pressure

iii) Dynamic loads due to motion of the floating terminal

iv) Thermal loads

v) Sloshing loads

vi) Loads corresponding to hull deflections

vii) Tank and cargo weight with the corresponding reactions in way of the supports

viii) Insulation weight
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9.5

9.7

9.9

11

ix) Loads in way of towers and other attachments

The sloshing loads are to consider any level of filling in each tank unless it can be shown that cargo can be
shifted in a timely manner, and the level in the tanks can be maintained within the approved design limits.

The loads in way of supports are also to consider the unit inclined up to the worst angle of inclination
resulting from flooding consistent with the unit’s agreed-to damage stability criteria up to an angle of 30
degrees.

Steel Terminals

In the case of floating steel offshore liquefied gas terminals, the requirements of Section 5C-8-4 of the
Marine Vessel Rules are considered applicable.

Concrete Terminals

On floating concrete offshore liquefied gas terminals constructed of prestressed concrete, the outer
containment system may be constructed of concrete in accordance with the requirements of Section 7.4.3
of NFPA 59A.

Condensate Storage (2015)

Condensate storage tanks integral with the terminal’s hull are to be in compliance with the requirements of
Section 5C-1-7 of the Marine Vessel Rules and 3-5/5.9 of the Facilities Rules. Where condensate may
contain dangerous or noxious liquid chemical substances with its content ratio exceeding the threshold
values as defined in the “International Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk” (IBC Code), the requirements of Chapter 9 of Part 5C of the Marine Vessel
Rules are to be followed as applicable to the particular substances present. Where the threshold values are
not specified, ABS is to be consulted for required clarification.

Condensate storage in tanks adjacent to liquefied gas storage tanks will be considered acceptable, provided
it can be shown that loss of primary liquefied gas containment would not cause an underpressure situation
or the ingress of air into the condensate tank.

Process Facilities

Where process facilities are requested to be within the scope of Class, the facilities installed onboard the
terminal for processing raw gas from the well(s) or bringing partially processed gas from another
installation, liquefied gas production or liquefaction or re-gasification system for converting liquefied gas
into vapor for shipment ashore, the entire installation, including the import and export system, are subject
to requirements of this Guide.

For Classification purposes, whichever of the process systems are employed, the facilities are to be in
place so that the entire operation can be carried out safely. Accordingly, in order to carry out an assessment
of the system, the plans and calculations listed in 2-1/13.7 of this Guide are required to be submitted.

ABS may require additional information depending on the systems used and their configuration.

Where processing facilities are not within the scope of Class, requirements contained in this Guide relating
to the safety of the terminal will be considered within the scope of Class. For example, the following
systems will be subject to approval by ABS:

i) Interface to the Fire Extinguishing system
ii) Hazardous areas
iii) Gas disposal system (venting and relief)
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1.1 Process Safety Criteria

The design of the onboard process facilities described above is to include an overall evaluation of the
proposed concept with a view toward reducing the likelihood of the occurrence of the undesirable events
identified in 2-2/5 of this Guide.

The ABS evaluation will include a systematic consideration of arrangements, layouts, process systems,
process support systems, process controls and safety systems as well as a review of all safety critical
equipment. The term “safety critical” is meant to include equipment whose reliable performance is
considered essential to maintaining a safe facility as well as equipment whose failure in and of itself could
lead to an unsafe occurrence.

While the design of the terminal arrangements, safety systems and systems for handling liquefied gas and
liquefied gas vapor on a terminal may rely primarily on the proven practices employed on liquefied gas
carriers, it must be recognized that on a liquefied gas carrier, except during cargo loading and discharge
operations, there is very little hydrocarbon outside of the containment system. Accordingly, additional
provisions may be required depending on the process system installed on the terminal. This may include
such items as an extension of the hazardous areas, the need for a gas dispersion analysis and the provision
of a means to de-energize electrical systems in the event of a major release of high pressure gas.

Due to the varying quantity and means of handling and storage of the hydrocarbon refrigerants, it must
also be recognized that the level of risk associated with natural gas liquefaction is dependent on the
liquefaction process selected. Accordingly, wherever possible, the location of these systems should be on
open deck.

Similarly, while some liquefied gas carriers are arranged for bow or stern loading and unloading in
accordance with the provisions of 5C-8-3/8 and 5C-8-5/10.1 of the Marine Vessel Rules, it must be
recognized that the existing requirements for liquefied gas carriers do not envisage the increased risk of a
liquefied gas or liquefied gas vapor release from the systems and equipment that may be employed in the
import and export systems covered under 2-2/11.9 and 2-2/11.11 of this Guide. Accordingly, drip trays are
to be provided as necessary, and components such as cryogenic hoses and gas swivels that may be
susceptible to leakage should be located on the open deck. Furthermore, the means to provide reliable,
adequate ventilation in any enclosed spaces containing portions of the gas transfer system and provisions
for gas detection are to be considered and included in the overall risk analysis required in 2-2/5 of this
Guide.

The safe disposal by flaring of hydrocarbon gas released due to an overpressure or other upset condition
should be taken into consideration in the design of the system. However, the process systems are to be
closed systems. Accordingly, continuous flaring is not an acceptable design premise.

The process safety overall criterion is that systems and equipment on an offshore liquefied gas terminal be
designed to minimize the risk of hazards to personnel, property and environment. Implementation of this
criterion to gas processing, liquefaction or re-gasification facilities and the associated support facilities is
intended to:

i) Prevent an abnormal condition from causing an upset condition

ii) Prevent an upset condition from causing a release of hydrocarbons or cryogenic fluids
iii) Safely collect and dispose of hydrocarbon or cryogenic fluids released

iv) Prevent formation of explosive mixtures

v) Prevent ignition of flammable liquids or gases and vapors released

vi) Limit exposure of personnel to fire hazards

11.1.1 System Requirements

The design of process systems and process control systems described above, along with process
support systems, depressurization and vent systems, flares and drain systems, is to comply with
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11.3

11.5

the requirements of Section 3-3 of the Facilities Rules. In addition, systems that are in direct
contact with liquefied gas or liquefied gas vapor are to be designed for compliance with the
requirements of Part 5C, Chapter 8 of the Marine Vessel Rules and the applicable requirements of
NFPA 59A, Standard for the Production, Storage and Handling of Liquefied Natural Gas (LNG)
2013. Where there is a conflict between various referenced requirements, ABS is to be consulted
for clarification.

The systems and equipment for ship-to-terminal liquefied gas loading or liquefied gas discharge
such as special loading arms and/or cryogenic hose, hose cranes, primary emergency release
couplings (PERCs), relative motion sensors, emergency shutdown systems and other special
arrangements will be considered in each case based on the submitted design justification. The
design justification is to include an envelope of limiting operational environments including sea
states, wind, current and visibility.

11.1.2 Component Requirements

It is envisaged that a list of major components present on a liquefied gas terminal includes but is
not limited to: loading arms, cryogenic hoses, pig receivers, separators, knock-out drums, heat
exchangers, packed columns, absorbers, plate fin type heat exchangers, spiral (spool) wound heat
exchangers, tube and shell heat exchangers, pumps and compressors with either gas turbine or
electric drivers, direct and indirect heaters and vaporizers. These process system components and
the associated piping systems that carry hydrocarbon liquids and vapors will be subject to ABS
review.

The design, manufacture, testing, certification and installation of process components are to be in
compliance with the requirements of 3-3/17 of the Facilities Rules. The selection of material of
components subject to temperatures below -18°C (0°F) is to comply with the requirements of
Section 5C-8-6 of the Marine Vessel Rules. Conformance to standards or codes different from
those listed therein will be considered, where applicable. Components not covered in the
referenced ABS Rules will be considered on the basis of compliance with applicable, acceptable
industry standards and the manufacturer’s design justification and proof testing. Design
justification based on stress analysis should comply with the requirements of the ASME Boiler
and Pressure Vessel Code Section VIII Division 2.

Gas Processing

For the purposes of this Guide, the gas processing facilities are considered to include all systems and
components for the reception of raw gas from the well(s) or partially processed gas from another
installation on the platform facilities for such processes as acid gas removal, dehydration and mercury
removal.

Liquefaction

For the purpose of this Guide, the Liquefaction Facilities are considered to include all systems and
components for pre-cooling, fractionation, main cryogenic refrigeration and storage. There are a number of
proven, proprietary liquefaction methodologies available, whichever of these systems is used, and details,
as mentioned in 2-2/11.1, are to be submitted.

The subsystems and major items of equipment can vary significantly depending on which liquefaction
methodology is employed. Accordingly, a description of the system and an operational philosophy adopted
is to be submitted in order to evaluate the safety of the entire system.

However, the following is given as a reference to define the scope of Classification:

i) It is envisaged that the pre-cooling may be done in a propane, nitrogen or mixed refrigerant heat
exchanger with the associated refrigerant refrigeration cycle: compressor, condenser, coolers and
accumulators. The pre-cooling heat exchanger may be of the spiral wound or plate fin type.
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ii) It is envisaged that the fractionation includes subsystems or plants called de-ethanizers, de-
propanizers and de-butanizers. Each plant is comprised of a vertical column type separator,
pumps, heat exchangers and accumulators.

iii) The main cryogenic refrigeration is normally done in either a multi-stage spiral wound heat
exchanger or in an assembly of plate fin type heat exchangers called a cold box. In most liquefied
gas liquefaction processes, a mixture of hydrocarbons is used as the primary refrigerant and these
processes are called MR Processes. However, in the cascade system, propane, ethane, methane,
and ethylene are each used at consecutive stages of refrigeration. In the nitrogen system, nitrogen
is used as the refrigerant in a compression and expansion process.

iv) The storage includes both liquefied gas storage and storage of condensate produced from the
liquefaction process.

11.7 Re-gasification

For the purposes of this Guide, Re-gasification Facilities are considered to include all systems and
components for removing liquefied gas from the storage tanks, pressurizing, heating and vaporizing
liquefied gas and in some cases odorizing the liquefied gas vapor and discharge ashore of vaporized gas
through an off-loading system. If there are compressors in the discharge system, they would be considered
part of the Re-gasification Facility.

11.9 Import Systems

For the purposes of this Guide, Import Systems on load terminals are considered to include the entire gas
swivel on turret-moored units and the first onboard flange for units maintained on station through a spread
mooring system, plus all onboard gas flow lines up to the gas processing facility.

In the case of discharge terminals, the Import Systems would include the liquid and vapor loading arms
and the cryogenic hoses or the cargo manifold, depending on the liquefied gas ship to terminal transfer
configuration employed, plus all on deck valves and piping up to the liquid and vapor inlet flanges on the
cargo tank domes.

11.11 Export Systems
For the purpose of this Guide, Export Systems on load terminals are considered to include the cargo
pumps, stripping pumps, high duty gas compressors, liquefied gas vaporizers and all valves and piping in
the liquid discharge and vapor return systems up to and including the cargo manifold, loading arms or
cryogenic hoses, depending on the liquefied gas terminal to ship transfer configuration employed.

In the case of discharge terminals, the Export Systems would include the gas flow lines from the re-
gasification facility up to and including the entire gas swivel on turret moored units or the last onboard
flange on units maintained on station through a spread mooring system.

11.13 Risers and Flow Lines

Rigid and flexible risers connecting flow lines and submerged jumpers are not considered to be within the
scope of classification of the terminal. However, at the Owner’s request, the import or export risers starting
from, but not including the Pipe Line End Manifold (PLEM), may be included in the scope of
classification, provided they are found to be in compliance with the requirements of Part 4, Chapter 2 of
the FPI Rules.

13 Arrangements

13.1 Referenced Rules, Guides and Documents
Refer to 1-1/11 of this Guide.
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13.3 General Arrangement

Machinery and equipment are to be arranged in groups or areas in accordance with API RP14J. Equipment
items that could become fuel sources in the event of a fire are to be separated from potential ignition
sources by space separation, firewalls or protective walls.

Typical fuel sources may be as listed below:

i) Gas inlet and departing flow lines

ii) Process and Hydrocarbon Refrigerant Piping
iii) Risers and Pipelines

iv) Vents

v) Pig Launchers and Receivers

vi) Drains

vii) Portable Fuel Tanks
viii) Chemical Storage Tanks

ix) Laboratory Gas Bottles

x) Sample Pots
xi) Liquefied Gas manifolds or loading arms
Xii) Separators and Scrubbers

Xiii) Coalescers

Xiv) Gas Compressors

xv) Liquid Hydrocarbon Pumps

Xxvi) Heat Exchangers

xvii)  Hydrocarbon Refrigerant Storage Tanks
xviii)  Gas Metering Equipment

xix) Oil Treaters (unfired vessels)

xx) Swivels

Typical ignition sources may be as listed below:

i) Fired Vessels

ii) Combustion Engines & Gas Turbines
iii) Living Quarters

iv) Flares

v) Welding Machines

vi) Grinding Machines

vii) Cutting Machinery or Torches
viii) Static Electricity

ix) Ships

x) Electrical Equipment

xi) Waste Heat Recovery Equipment
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xii) Mobile phones

xiii) Lightning

xiv) Spark Producing Hand Tools

xv) Portable Computers

Xxvi) Cameras

xvii)  Non-Intrinsically Safe Flashlights

xviii)  Helicopters

In case of a fire, the means of escape is to permit the safe evacuation of all occupants to a safe area, even
when the structure they occupy can be considered lost in a conflagration. With safety spacing, protective
firewalls and equipment groupings, a possible fire from a classified location is not to impede the safe exit
of personnel from the danger source to the lifeboat embarkation zone or any place of refuge.

13.5 Storage Tank Locations

The location of storage tanks with respect to the outer boundaries of the structure is to be consistent with
the extent of damage assumed in 2-2/5 and 2-2/7.1.3 of this Guide, unless it can be shown through relative
motion studies or traffic studies that other arrangements will be not less effective at protecting the storage
tanks.

13.7 Bow or Stern Loading

The requirements of 5C-8-3/8 and 5C-8-5/10.1of the Marine Vessel Rules for bow or stern loading
arrangements will be considered applicable to import or export systems that run past accommodations or
other sources of vapor ignition.

13.9 Location and Insulation of Accommodation Spaces and Living Quarters

Accommodation spaces or living quarters are to be located outside of hazardous areas and may not be
located above or below liquefied gas or condensate storage tanks or process areas. "H-60" bulkhead
requirements of 3-8/9 and 4-8/9 of the Facilities Rules will be applied. If such bulkhead is more than 33 m
(100 ft) from this source, then this can be relaxed to an "H-0" rating. As is explained in Section 3-8 of the
Facilities Rules, "A-60" and "A" rated bulkheads, respectively, may be utilized, provided that a risk or fire
load analysis was done and reviewed by ABS, indicating that these bulkheads are acceptable.

15 Hazardous Areas (2015)

The delineation of hazardous areas or gas-dangerous spaces on an offshore liquefied gas terminal is to be
consistent with the following general guidelines. Where there is overlapping, in general, the higher (more
conservative) delineation should be applied.

The delineation of gas-dangerous spaces in 5C-8-1/2.24 of the Marine Vessel Rules and Chapter 7, Section
10.7 of NFPA 59A, as applicable, will be considered applicable to liquefied gas storage and liquefied gas
and liquefied gas vapor piping systems associated with liquefied gas storage, loading and discharge.

The delineation of gas-dangerous spaces associated with process facilities is to comply with the
requirements of 3-6/15 of the Facilities Rules, which are consistent with API RP 500 series.

The delineation of hazardous areas associated with the below deck storage of condensate and other
hydrocarbon liquids with a flash point of less than 60°C is to be consistent with the requirements of
5C-1-7/31.5 of the Marine Vessel Rules.

Where condensate in the condensate storage tank contains dangerous or noxious liquid chemical
substances as defined in the “International Code for the Construction and Equipment of Ships Carrying
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Dangerous Chemicals in Bulk” (IBC Code), the requirements applicable to the particular substances as
specified in Chapter 9 of Part 5C of the Marine Vessel Rules are also to be complied with.
17 Process Support and Service Systems

This Subsection presents criteria for the design and installation of process support and service systems on
offshore liquefied gas terminals. General arrangement of these systems is to comply with API RP 14J, or
other applicable standard. Process support systems are utility and auxiliary systems that complement the
process systems covered in 2-2/11 of this Guide.

Process support systems include, but are not limited to, the following:

i) Utility/Instrument Air System
ii) Fuel/Instrument Gas System
iii) Use of Produced Gas as Fuel
iv) Purging System

v) Inert Gas System

vi) Nitrogen System

vii) Fuel Oil System

viii) Hydraulic System

ix) Lubricating Oil System

x) Chemical Injection System

xi) Heating and Cooling System

These systems are to be in compliance with the requirements of Section 3-4 of the Facilities Rules and Part
5C, Chapter 8 of the Marine Vessel Rules, as applicable.

Depending on the type of structure support systems and components may include, but are not limited to,
the following:

e Boilers and Pressure Vessels
e Turbines and Gears
e Internal Combustion Engines

e Pumps and Piping Systems (i.e., Fuel Oil, Lube Oil, Fresh Water, Bilge, Ballast, Control, Inert Gas,
etc.)

e Components of the station keeping system

These systems are to be in compliance with the requirements of Section 3-5 of the Facilities Rules and the
applicable sections of the Marine Vessel Rules and the MOU Rules.

19 Electrical Systems and Installations

Electrical systems used solely for the process facilities described in 2-2/11 of this Guide are to meet the
requirements of Section SC-8-10 of the Marine Vessel Rules and Section 3-6 of the Facilities Rules. Where
electrical systems or equipment are used to supply services other than these process facilities, the
equipment is also to comply with the requirements of a recognized code for electrical installations
acceptable to ABS.
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Electrical installations are to comply with the above-referenced requirements and with API RP 14F.
Consideration will be given to the use of other recognized national or international standards such as IEC,
provided they are no less effective and the entire system is designed to such standards. For installations
classified by class and zone, the requirements of API RP 14FZ (when approved) may be used in lieu of
API 14F.

Where sections of API RP 14F are called out in the following text, the intent is solely to help identify
relevant clauses. The designer is not relieved from full compliance with all of the recommended practices
contained in API RP 14F. The references to IEC standards are intended solely as minimum requirements
when standards other than API RP 14F are applied.

Where conflicts exist between various referenced standards, ABS is to be consulted to provide required
clarification.

21 Instrumentation and Control Systems

The control and instrumentation systems are to provide an effective means for monitoring and controlling
pressures, temperatures, flow rates, liquid levels and other process variables for the safe and continuous
operation of the process and storage facilities. Where control over the electrical power generation and
distribution is required for the operation of the facilities, then the control system should also be arranged to
cover this. Control and instrumentation systems for process, process support, utility and electrical systems
are to be suitable for the intended application. All control and safety shutdown systems are to be designed
for safe operation of the equipment during start-up, shutdown and normal operational conditions.

Instrumentation and control systems serving the process facilities described in 2-2/11 of this Guide are to
be in compliance with Section 3-7 of the Facilities Rules which is based on API RP 14C and other
applicable standards.

Instrumentation and control systems serving the liquefied gas storage and transfer of liquefied gas and
liquefied gas vapor on and off the unit are to be in compliance with the requirements of Section 5C-8-13 of
the Marine Vessel Rules.

Where there is a conflict between overlapping referenced requirements, ABS is to be consulted for
required clarification.

23 Safety Systems

23.1 General
23.1.1 Approach

The safety systems referred to in this Subsection are intended to protect life, property and the
environment and are applicable to the entire installation, including the loading and off-loading
arrangements for gas, liquefied gas and liquefied gas vapor. The overall safety system should be
comprised of subsystems providing two levels of protection: the primary system, which is to
provide protection against the risk of fire or explosion; and the secondary system, which is
intended to reduce the consequence of fire by affording protection to the people and the facility
and reducing the risk of fire spread. The primary and secondary safety measures required consist
of both active and passive systems as described in this Subsection. However, in all cases, the
effectiveness of these systems should be established by conducting a fire and explosion hazard
analysis.

Each space considered a fire risk, such as the process equipment, cargo deck area, spaces
containing gas processing equipment such as compressors, heaters, etc. and machinery spaces
containing any oil fired unit or internal combustion machinery with an aggregate power of not less
than 375 kW, is to be fitted with an approved gas detection, fire detection and fire extinguishing
system complying with the requirements of this Subsection.
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23.1.2 Governmental Authority

In addition to the ABS Class requirements of this Subsection, depending on the flag registry of the
terminal and the area of operation, the flag State and the coastal State may have additional
requirements or regulations which may need to be complied with. Therefore, the appropriate
governmental authorities should be consulted for each installation.

23.1.3 Primary Systems

Many of the products being handled onboard an offshore liquefied gas terminal are highly
flammable, and therefore, examples of some of the measures that may be necessary to protect
against fire or explosion risk are as follows:

)

v)

vi)

vii)

Avoid the possibility of liquid or gas escaping in locations where there is a source of
vapor ignition. A typical example of this will be to isolate the vent and relief valve outlets
from storage tanks and process systems in relation to the air intakes and openings.

Provide fixed gas detection systems comprised of two different types of elements which
will activate an audible alarm at a manned control station to alert of a gas release before
the gas can migrate to an unclassified area.

A low temperature detection system in and around the liquefied gas storage facility to
alarm at a normally manned station to alert in the event of a liquid or vapor leak.

A multi-tiered Emergency Shutdown system capable of isolating an upset condition with
local system or single train shutdowns before the condition requires a complete platform
shutdown.

Maintain integrity of the containment boundary at all times to reduce the possibility of an
uncontrolled discharge of liquefied gas or liquefied gas vapor. Where it is possible for
liquefied gas to leak in the event of a failure, such as at a joint, valve or similar
connection, a spill tray immediately underneath these components should be provided.

Maintain a positive separation between process areas, cargo storage, cargo handling area
and areas containing sources of vapor ignition. A typical example of this is electrically
driven cargo or process compressors.

Eliminate direct access from the space containing process equipment to spaces containing
machinery such as electrical equipment, fired equipment or other similar equipment
which may be considered an ignition source.

23.1.4 Secondary Systems

The secondary systems are systems that are employed to prevent the spread of fire may be
categorized as follows:

i)
ii)
iii)
iv)
v)

Fire detection system

Fire extinguishing systems

Water deluge system

Personnel protection and life saving appliances

Structural fire protection

23.3 Gas Detection Systems

23.31

The fixed gas detection system is to comply with requirement of Section 5C-8-13 of the Marine
Vessel Rules and Section 3-8 and of the Facilities Rules.
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23.3.2
The requirements of NFPA 59A Chapter 12 will be considered to be applicable in the liquefied gas
processing areas. In such areas, where there is a potential for gas concentrations to accumulate, the
gas detection sensors should activate an audible and visual alarm at not more than 25% of the
lower flammable limit of the gas or vapor being monitored.
23.3.3
The gas detection system is to be of an approved type and the installation arrangements such that
loss of single detector(s) over a specific area will not render the entire system ineffective.
2334
The gas detection system should be provided with an alternative source of power such that in the
event of failure of the main power source, the alternative power supply will commence
automatically.
23.5 Fire Detection Systems

23.7

23.9

23.11

2313

The fire detection system protecting the liquefied gas storage and liquefied gas and liquefied gas vapor
handling systems is to be in accordance with the requirements of Section 5C-8-11 of the Marine Vessel
Rules and Section 3-8 of the Facilities Rules, as applicable. The requirements of NFPA 59A Chapter 9 are
also considered applicable.

Fire Extinguishing and Water Spray (Deluge) Systems

NFPA 59A Chapter 12 is considered applicable to offshore liquefied gas terminals, and as is required
therein, the extent of fire protection required shall be determined by an evaluation based on sound fire
protection engineering principles, analysis of local conditions, hazards within the facility and exposure to
or from other sources of fire such as the attending vessels.

Fire water systems, water spray systems, dry powder, foam and carbon dioxide systems are to be provided,
as required by Section 5C-8-11 of the Marine Vessel Rules and Section 3-8 of the Facilities Rules.

Structural Fire Protection

The term “structural fire protection” refers to the passive method of providing fire protection to the spaces/
compartments of the unit through the usage of fire divisions and the limitation of combustibles in the
construction materials. Maintaining the adequacy of the fire division includes proper protection of
penetrations in those divisions which includes electrical, piping or ventilation system penetrations.

The requirements of 3-8/9 of the Facilities Rules are to be complied with. In applying these requirements,
the gas inlet and liquefied gas vapor outlet system, including the swivel, are to be treated as wellhead
areas.

Personnel Protection and Life Saving Appliances
Compliance with 5C-8-14 of the Marine Vessel Rules and Section 3-8 of the Facilities Rules is required.

Personnel involved in emergency activities shall be equipped with the necessary protective clothing and
equipment qualified in accordance with 5C-8-11/6 of the Marine Vessel Rules and NFPA 600 Standard on
Industrial Fire Brigades.

Written practices and procedures shall be developed to protect personnel from identified hazards such as
entry into confined or hazardous spaces.

Means of Escape

At least two means of escape are to be provided for all continuously manned areas and areas that are used
on a regular working basis. The two means of escape must be through routes that minimize the possibility
of having both routes blocked in an emergency situation. Escape routes are to have a minimum width of
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0.71 m (28 in.). Dead-end corridors exceeding 7 m (23 ft.) in length are not permitted. Dead-end corridors
are defined as a pathway which (when used during an escape) has no exit.

Escape route paths are to be properly identified and provided with adequate lighting. An escape route plan
is to be prominently displayed at various points in/of the facility. Alternatively, this information may be
included in the Fire Control or Fire/Safety Plan.

23.15 Emergency Shutdown Systems
23.15.1 Process Emergency Shutdown (ESD)

An emergency shutdown (ESD) system with manual stations is to be provided, in accordance with
Appendix C of API RP14 and Section 12.3 of NFPA 59A, to shut down the flow of hydrocarbon
gas on to the platform and to terminate all gas processing and liquefaction process on the facility.

In addition, for the liquefied gas loading and discharge systems and the liquefied gas storage
systems, Emergency Shutdown Valves are to be provided along with means for control, in
accordance with 5C-8-5/5 of the Marine Vessel Rules.

The emergency shutdown system is to be automatically activated by:

i) The detection of an abnormal operating condition by pressure sensors in the inlet and
outlet systems or in the process systems

ii) The detection of fire on the floating terminal

iii) The detection of combustible gas at a 60% level of the lower explosive limit

iv) The detection of hydrogen sulfide (H,S) gas at a level of 50 ppm

Emergency shutdown stations are to be provided for manual activation of the Process Safety
Shutdown system for shutdown of all pumping and process systems. These manual activation
stations are to be protected against accidental activation and are to be conveniently located at the
primary evacuation points (i.e., boat landing, helicopter deck, etc.) and the emergency control
stations.

For design guidance, the following additional locations may be considered appropriate for
emergency shutdown stations:

i) Exit stairway at each deck level
ii) Main exits of living quarters
iii) Main exits of production (process) facility deck

25 Other Systems

For marine systems or electrical systems associated with marine operations and accommodations, the
relevant ABS requirements as referenced in the FPI Rules and/or MOU Rules and/or Marine Vessel Rules
are to be complied with.
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CHAPTER 3
Structural Design Requirements

SECTION 1
Introduction

1 Application

1.1 General

This Guide addresses the structural design of floating offshore membrane or independent prismatic tank
liquefied gas terminals with ship-shaped or barge-shaped hull forms having single center cargo tanks or
two cargo tanks abreast that are arranged along the centerline of the terminal’s hull. In view of the
similarity of hull structure, this Guide has some cross-references to the general requirements for hull
construction in the Part 5C, Chapter 12 of the Marine Vessel Rules, the ABS Guide for Building and
Classing Liquefied Gas Carriers with Independent Tanks and the particular requirements in Part 5C,
Chapter 8 of the Marine Vessel Rules for vessels intended to carry liquefied gases in bulk. These cross-
references are presented in a simple format throughout the Guide in order to provide quick reference to the
users, (i.e., of the Marine Vessel Rules denotes 1-2-3/4.5.6 of the Marine Vessel Rules).

1.3 Membrane Tanks

These requirements are intended to apply to floating steel liquefied gas terminals with membrane type
tanks as defined in 5C-8-4/1.5 of the Marine Vessel Rules. The technical requirements of the International
Code for the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) are also
to be followed.

1.5 Independent Tanks (2024)

These requirements are intended to apply to floating steel terminals engaged in the carriage of liquefied
gases in independent tanks (Type A, Type B, and Type C) as defined in 5C-8-4/21.1.1 of the Marine Vessel
Rules. The technical requirements of the International Code for the Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk (IGC Code) are also to be followed.

For Type A independent tanks, the scantling requirements and strength criteria in the Guide are considered
equivalent to those in 5C-8-4/21 of the Marine Vessel Rules.

For Type B independent tanks, the requirements in 5C-8-4/22 of the Marine Vessel Rules with respect to
crack propagation and fatigue failure are to be additionally verified. The fatigue and fracture analysis is to
be carried out for Type B Tanks to verify fatigue and crack propagation characteristics. The procedure for
fatigue and fracture analysis is to be in accordance with 6/9.7 and Appendix 5 of the ABS Guide for
Building and Classing Liquefied Gas Carriers with Independent Tanks. The scantling requirements and
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strength criteria in the Guide are considered equivalent to the remaining requirements in 5C-8-4/22 of the
Marine Vessel Rules.

For Type C independent tanks (pressure vessels), the scantling requirements and strength criteria in
5C-8-4/23.2 of the Marine Vessel Rules are to be verified. The strength criteria in the Guide are considered
equivalent to the remaining requirements in 5C-8-4/23.2 of the Marine Vessel Rules.

Direct Calculations

Direct calculations with respect to the determination of design loads and the establishment of alternative
strength criteria based on first principles, will be accepted for consideration, provided that all the
supporting data, analysis procedures and calculated results are fully documented and submitted for review.
In this regard, due consideration is to be given to the environmental conditions, probability of occurrence,
uncertainties in load and response predictions, and reliability of the structure in service.

Offshore Hull Construction Monitoring Program

For newbuild floating terminals, an Offshore Hull Construction Monitoring Plan for critical areas, prepared
in accordance with the requirements of Appendix 3-A6 of this Guide, is to be submitted for approval prior
to commencement of fabrication.

Internal Members

Section Properties of Structural Members

The geometric properties of structural members may be calculated directly from the dimensions of the
section and the associated effective plating (see 3-1-2/13.3 of the Marine Vessel Rules or 3-4/7 FIGURE 4
of this Guide, as applicable). For structural members with angle 6 (see 3-1/3.1 FIGURE 1) between web
and associated plating not less than 75 degrees, the section modulus, web sectional area, and moment of
inertia of the “standard” (6 = 90 degrees) section may be used without modification. Where the angle 6 is
less than 75 degrees, the sectional properties are to be directly calculated about an axis parallel to the
associated plating (see 3-1/3.1 FIGURE 1).
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FIGURE 1

B=90°

Standard

For longitudinals, frames and stiffeners, the section modulus may be obtained by the following equation:

SM = (XQSM()O

where

Qg = 1.45-40.5/0

SMqgy =  section modulus at 8 = 90 degrees

The effective section area may be obtained from the following equation:

A= AgoSil’le
where
Agg =  effective shear area at 8 = 90 degrees

3.3 Detailed Design

The detail design of internals is to follow the guidance given in 3-1-2/15 of the Marine Vessel Rules and in
3-4/1.5 of this Guide.

See also Appendix 3-A1, "Guide for Fatigue Strength Assessment".
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3.5 Breaks
Special care is to be taken to provide structural reinforcements against local stresses at the ends of the
cargo tank spaces, superstructures, etc., and throughout the structure in general. The main longitudinal
bulkheads are to be suitably tapered at their ends. Where effective longitudinal bulkheads are provided in
the poop or deckhouse, they are to be located such as to provide effective continuity between the structure
in way of and beyond the main cargo spaces.

3.7  Variations
Floating offshore liquefied gas terminals of a special type or design, differing from those described in this
Guide, will be specially considered on the basis of equivalent strength.

3.9 Loading Guidance
Loading guidance is to be as required by 3-2-1/7 of the Marine Vessel Rules except that 3-4/5 of this Guide
will apply for allowable shear stresses.

3.11  Design Vapor Pressure
The design vapor pressure p, as defined in 5C-8-4/1.2 of the Marine Vessel Rules should not normally
exceed 0.25 bar (0.255 kgf/cm?, 3.626 1bf/in?). If, however, the hull scantlings are increased accordingly
and consideration is given, where appropriate, to the strength of the supporting insulation, p, may be
increased to a higher value but less than 0.7 bar (0.714 kgf/cm?, 10.153 1bf/in?).

3.13 Protection of Structure
For protection of the structure, see 3-2-18/5 of the Marine Vessel Rules as appropriate.

3.15 Aluminum Paint
Paint containing aluminum is not to be used in cargo tanks, pump rooms and cofferdams, or in any other
area where cargo vapor may accumulate, unless it has been shown by appropriate tests that the paint to be
used does not increase the fire hazard.

3.17 Containment System
Secondary barrier, insulation, materials, construction and testing of the cargo containment system are to
comply with the applicable requirements in Section 5C-8-4 of the Marine Vessel Rules.

3.19 Determination of Temperature Distribution for Material Selection

The temperature distribution in the hull and cargo tank structures is to be determined based on the design
ambient and cargo temperatures. 3-1/3.19 TABLE 1 summarizes the design ambient temperatures that are
to be commonly used in the temperature distribution calculation. For vessels trading in other cold regions,
the design ambient temperatures are to be specially considered.

TABLE 1
Design Ambient Temperatures
Air Still Sea Water
IMO IGC World-wide Services (5C-8-4/19.1.1 of the Marine 5°C (41°F) at 0 knots 0°C (32°F)
Vessel Rules)
USCG Requirements for US Waters except Alaskan Waters -18°C (0°F) at 5 knots 0°C (32°F)
(Appendix 5C-8-A2 of the Marine Vessel Rules)
USCG Requirements for Alaskan Waters (Appendix 5C-8-A2 of -29°C (-20°F) at 5 knots -2°C (28°F)
the Marine Vessel Rules)
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The design temperature for cargo tanks is the minimum temperature at which cargo may be loaded or
transported. The boiling temperatures and corresponding densities are listed in 3-1/3.19 TABLE 2 for some
common liquefied gas cargoes.

The design temperature for cargo piping, cargo process pressure vessels and all associated equipment is the
minimum temperature in the systems and components during the cargo operations.

The design temperature for a complete or partial secondary barrier is to be assumed to be the cargo
temperature at atmospheric pressure.

For the purpose of determining the temperatures of the internal hull structural members beyond the cargo

block, the ambient air temperature in the forebody and engine room spaces may be assumed to be 5°C
(41°F).

The minimum temperature of the hull structure, tank supports and chocks is to be determined by direct
temperature calculations, taking into account the efficiency of any insulation and means of heating if
accepted according to 5C-8-4/10 and 5C-8-4/19 of the Marine Vessel Rules.

In absence of direct temperature calculations and for the purposes of material grade selection, the typical
internal structural members (excluding tank supports and chocks) in liquefied gas carriers with Type A
independent tanks may be determined with the following assumptions:

e The design temperature for the stiffeners is to be the same as that of the attached plating.

e The design temperature for the main supporting members without or away from large openings is to be
taken as the average design temperature of the two adjoining plates.

e The design temperature for the main supporting members within large openings is to be the same as
that of the attached plating.

e For Type A independent tank floating terminals the extent of the low temperature steel for deck plating
between the two upper wing tanks is to be based on the 30-degree static heel condition.

e For Type A independent tank floating terminals the low temperature steel for the longitudinally
continuous plating such as deck, inner bottom, and inner longitudinal bulkheads is to be extended 400
mm (15.75 in.) beyond the required position of the secondary barrier. The plating adjoining the low
temperature steel is to be of E or DH Grade. The extent of such material grade need not be more than
400 mm. (15.75 in.)

TABLE 2
Cargo Properties of Common Liquefied Gas Cargoes
Cargo Chemical Formula Vapor Boiling Density (kg/m?)
Detection | Temperature (°C)
Acetaldehyde CH,CHO F+T +20.8 780
Ammonia, Anhydrous NH, T -334 680
Butadiene 1.3 (inhibited) CH,CHCHCH, F+T -4.5 650
Butane, also called N-Butane CH,, F -0.5 600
Butane/Propane mixtures F 630
Butylenes F -6.3 630
Chlorine Cl, T -34 1560
Diethyl Ether C,H,0 C,H, F+T 34.6 640
Dimethylamine (CH,),NH F+T 6.9 670
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Cargo Chemical Formula Vapor Boiling Density (kg/m°)
Detection | Temperature (°C)
Ethane C,H, F+T -88 550
Ethyl Chloride CH,CH,CI F+T 124 920
Ethylene C,H, F -104 560
Ethylene Oxide (CH),0 F+T 11 870
Ethylene Oxide/Propylene Oxide (CH,)O, + CH, F+T 27 830
Mixture With Ethylene Oxide content of | CHOCH,
not more than 30% by weight
Isoprene(inhibited) CH,C(CH,)CHCH, F 34.0 680
Isopropylamine (CH,),CHNH, F+T 33.0 670
Methane (LNG) CH, F -163 420
Methyl Acetylene -Propadiene mixture F 620
Methyl Bromide CH,Br F+T 4 1730
Methyl Chloride CH,CI1 F+T -24.0 970
Monoethylamine C,H,NH, F+T 16.6 690
Nitrogen N, (0] -196 808
Pentanes (all Isomers) CH,(CH,) ,CH, F 29 to 36 626
Pentene (all Isomers) CH,CH,CH,CH= CH, F 30 to 37 656
Propane C,H, F -42.3 590
Propylene C,H, F -47.7 610
Propylene Oxide CH,CHOCH, F+T +33.9 822
Refrigerant gases 3.6t0-81.4 1410 to 1526
Sulphur Dioxide SO, T -10 1460
Vinyl Chloride Monomer (VCM) CH,CHCI F+T -13.9 970
Vinyl Ethyl Ether CH,-CHOC,H;, F+T 35.5 750
Vinylidene Chloride C,H,-CCl, F+T 31.7 1250
Note:
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General Requirements

General

The design and construction of the ship-shape or barge-shaped hull, hull interface structure, independent
cargo tanks including the structure supporting the cargo tanks of floating offshore liquefied gas terminals
are to be based on the applicable requirements of this Guide and where referenced in the Marine Vessel
Rules. This Guide reflects the different structural performance and demands expected for a terminal
transiting and being positioned at a particular site on a long-term basis compared to that of a vessel
engaged in unrestricted seagoing service.

The design criteria for offshore floating liquefied gas terminals are applicable to floating terminals of 150
meters (492 feet) or more in length. In addition, the applicable criteria contained in the IGC Code and the
Load Line and SOLAS Conventions issued by the International Maritime Organization are to be
considered. It is further suggested that the local authorities having jurisdiction where the floating terminal
is to operate be contacted to obtain any further criteria that are applicable to the floating terminal.

The design criteria are applied in two phases. In the first phase, initial design scantlings of the structural
hull design are selected, considering nominal, maximum expected loadings that a component is likely to
experience in its lifetime for the full ocean service. This phase is called the Initial Scantling Evaluation
(ISE) and is governed by the criteria contained in Section 3-4. A second phase requires structural analyses
of major portions of the hull structure to verify the adequacy of the structural system’s performance,
including strength checks for failure modes associated with yielding, buckling and ultimate strength. This
phase is referred to as the Total Strength Assessment (TSA) and is governed by the criteria specified in
Section 3-5.

The Total Strength Assessment must also consider the interface between the position mooring system and
the hull structure and the interface between deck-mounted (or above-deck) equipment modules and the hull
structure. The interface structure is defined as the attachment zone of load transmission between the main
hull structure and hull mounted equipment, including the position mooring system. The analysis of the hull
interface structure is to be performed using direct calculation of local 3-D hull interface finite element
models and acceptance criteria as described in Section 3-7.

The strength requirements of the hull structure specified in the ISE phase and the structural analyses and
strength assessments of the hull structure required in the TSA phase are based on net scantlings. In
determining the required scantlings and performing structural analyses and strength assessments of the hull
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structure, the nominal design corrosion values given in 3-2/3.1 TABLE 1 are to be deducted. The strength
requirements for independent tanks are based on gross scantlings. The requirements related to Type A
independent cargo tanks apply only to where non-corrosive cargoes are carried. If corrosive cargoes are
carried in these tanks, the scantlings are to be suitably increased or an effective method of corrosion
control is to be adopted.

Owner’s extra scantlings (i.e., Owner’s specified additional thickness), as included in the vessel’s design
specifications, are not to be used in the evaluation.

Performance of additional structural analyses can lead to the granting of the optional DLA classification
notation, which signifies that the design meets the Dynamic Load Approach criteria. Also, the optional
SFA classification notation can be granted, which signifies that the design satisfies fatigue strength criteria
based on Spectral Fatigue Analysis.

The application of the design criteria to reflect the site-dependent nature of the floating terminal is
accomplished through the introduction of a series of Environmental Severity Factors (ESFs). Reference is
to be made to 3-3/1.1 and Appendix 3-A3 for the applicable structural design and analysis criteria that
have been modified to reflect site-specific service conditions.

Initial Scantling Requirements (1 September 2012)

The initial thickness of plating, the section modulus of longitudinals/stiffeners, and the scantlings of the
main supporting structures of the hull structure are to be determined in accordance with the initial scantling
criteria of Section 3-4 for the “net” scantlings. These “net” scantling values are to be used in the total
strength assessment as required in the following paragraph and Section 3-5. The relevant nominal design
corrosion values given in 3-2/3.1 FIGURE 1A and 3-2/3.1 FIGURE 1B and 3-2/3.1 TABLE 1 are then
added to the net scantlings to obtain the full scantling requirements.

Strength Assessment - Failure Modes

A total strength assessment of the structures, determined on the basis of the initial strength criteria in
Section 3-4 is to be carried out in accordance with Section 3-5 against the following four failure modes:

1.5.1 Material Yielding

The calculated stress intensities are not to be greater than the yielding state limit given in 3-5/3.1
for all load cases specified in 3-3/9.

1.5.2 Buckling and Ultimate Strength

For each individual member, plate or stiffened panel, the buckling and ultimate strength is to be in
compliance with the requirements specified in 3-5/5. In addition, the hull girder ultimate strength
is to be in accordance with 3-4/3.9 and Appendix 3-A4.

1.5.3 Fatigue

The fatigue strength of structural details and welded joints in highly stressed regions is to be
analyzed in accordance with 3-5/7.

1.5.4 Hull Girder Ultimate Strength

The hull girder ultimate longitudinal bending capacities for either hogging or sagging conditions
are to be evaluated in accordance with Appendix 3-A4. The hull girder ultimate bending capacity
for the design environmental condition (DEC) is to satisfy the limit state specified in 3-4/3.9.

Structural Redundancy and Residual Strength

Consideration should be given to structural redundancy and hull girder residual strength in the early design
stages.
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1.9 Strength Against Blast Loads

The design of the hull against blast overpressure shall be evaluated to check that the hull sustains only
local damage, which is not detrimental to the integrity of the whole floating terminal unit at least for the
period of evacuation. The hull compartment design shall consider potential for containing damage within
the same compartment and eliminate the chain of events leading to spreading the damage to adjacent
compartments or to deck, so that significant loss of buoyancy and instability of the overall floating
terminal unit and failure of the mooring system is not compromised. The upper hull design shall account
for impact of fire events from topsides with potential of deteriorating structural capacity of the hull and
thereby reducing stability.

Guidance on fire and blast load considerations and assessments can be found in API Recommended
Practice for the Design of Offshore Facilities Against Fire and Blast Loading (API RP2FB).

3 Net Scantlings and Nominal Design Corrosion Values

3.1 General (1 September 2012)

As indicated in 3-2/1.1, the strength criteria specified in this Guide are based on a "net" scantling approach.

The "net" thickness or scantlings correspond to the minimum strength requirements acceptable for
classification, regardless of the design service life of the floating terminal. In addition to the coating
protection specified in the Marine Vessel Rules for all ballast tanks, nominal design corrosion values for
plating and structural members as given in 3-2/3.1 TABLE 1 and 3-2/3.1 FIGURE 1A and 3-2/3.1
FIGURE 1B are to be added to the net scantlings. These nominal design corrosion values are intended for a
design service life of 20 years. Where the design life is greater than 20 years, the nominal design corrosion
values of the hull structure are to be increased in accordance with 3-2/3.3. These nominal design corrosion
values are being introduced solely for the above purpose, and are not to be construed as renewal standards.

In view of the anticipated higher corrosion rates for structural members in some regions, such as highly
stressed areas, additional design margins should be considered for the primary and critical structural
members to minimize repairs and maintenance costs. The beneficial effects of these design margins on
reduction of stresses and increase of the effective hull girder section modulus can be appropriately
accounted for in the design evaluation.

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 68



Chapter 3  Structural Design Requirements
Section 2 General Requirements

FIGURE 1A

Nominal Design Corrosion Values
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FIGURE 1B

Nominal Design Corrosion Values (1 September 2012)

NDCYV same as Figure 1A, except as noted
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FIGURE 1C
Nominal Design Corrosion Values

NDCV same as Figure 1A, except as noted

— Chocks: 1.0 nm —

FIGURE 1D
Nominal Design Corrosion Values

NDCV same as Figure 1A, except as noted

|
I
™~
CIL Cofferdam Bhd ‘u
Plate: 1.0 mm
|

Choeks: 1.0 mm

hY

>4

TABLE 1
Nominal Design Corrosion Values "2 (1 September 2012)
Nominal Design Corrosion Values in mm (in.)
Structural Element/Location in Tank in Void Space
Upper Deck Plating Watertight 2.0 (0.08)
Void space 1.5 (0.06)
Inner Deck Plating 1.0 (0.04)
Side Shell Plating 1.5 (0.06)
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Nominal Design Corrosion Values in mm (in.)
Structural Element/Location in Tank in Void Space
Bottom Plating 1.0 (0.04)
Inner Bottom Plating 1.0 (0.04)® 1.0 (0.04)
Longitudinal Bulkhead Plating 1.0 (0.04)
Transverse Bulkhead Plating in Wing Spaces 1.5 (0.06) 1.0 (0.04)®
in Cargo Tanks 1.0 (0.04)
Deck Transverse and Deck Girder N.A. 1.0 (0.04)®
Double Bottom Floor and Girder 2.0 (0.08) 1.5 (0.06) ®
Side Transverse 1.5 (0.06) @ 1.0 (0.04)
Side Stringer Watertight 2.0 (0.08) 1.5 (0.06) ®
Nontight 1.5 (0.06) 1.0 (0.04)
Longitudinal Stool Plating in Watertight 2.0 (0.08) 1.5 (0.06) ®
Centerline Cofferdam Bulkhead Nontight 1.5 (0.06) 19 1.0 (0.04)
Webs on Cargo Transverse Vertical Web 1.5 (0.06) @ 1.0 (0.04)®
Bulkhead Horizontal Web 2.0 (0.08) 1.5 (0.06) ®
Longitudinals and Stiffeners Vertical Element © 1.0 (0.06) 7 1.0 (0.04)
Non Vertical Element © 2.0 (0.08) 1.0 (0.04)
Longitudinals and Stiffeners within Pipe Duct Space N.A. 1.0 (0.04)
Longitudinals and Stiffeners in Void Spaces outside Double Bottom N.A. 1.0 (0.04)
Notes:

1 It is recognized that corrosion depends on many factors including coating properties, cargo composition and
temperature of carriage, and that actual wastage rates observed may be appreciably different from those given
here.

2 Pitting and grooving are regarded as localized phenomena and are not covered in this table.

3 2.0 mm (0.08 in.) for tank top.

4 2.0 mm (0.08 in.) for Splash Zone (1.5 meters down from tank top).

5 Vertical elements are defined as elements sloped at an angle greater than 25° to the horizontal line.
6 Non vertical elements are defined as elements sloped at an angle less than 25° to the horizontal line.
7 2.0 mm (0.08 in.) for Splash Zone and within double bottom.

8 When plating forms a boundary between a tank and a void space, the plating NDCV is determined by the tank
type.

9 1.5 mm (0.06 in.) for duct keel tank boundary girder.

10 (1 September 2012) 1.0 mm (0.04 in.) when both sides are void spaces (in the case of independent tanks).
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3.3

Nominal Design Corrosion Values for Design Life Greater than 20 Years (1 September
2012)

When the structural design life is greater than 20 years, the nominal design corrosion values (NDCV) of
the hull structure are to be increased from those in 3-2/3.1 TABLE 1 as follows:

i) For plating and structural members with 2.0 mm NDCV for 20-years design life, additional 0.1
mm per year for design life greater than 20-years (for example, 2.5 mm NDCV for 25-year design
life).

ii) For plating and structural members with 1.5 mm NDCV for 20-years design life, additional 0.075
mm per year for design life greater than 20-years (for example, 1.875 mm NDCV for 25-year
design life).

iii) For plating and structural members with 1.0 mm NDCV for 20-years design life, additional 0.05
mm per year for design life greater than 20-years (for example, 1.25 mm NDCV for 25-year
design life).

iv) For Void spaces, no change in NDCV as it is considered independent of design life.

The NDCYV values are to be considered minimum nominal design corrosion values. Actual corrosion could
be more or less than the NDCV values. The designer or owner may specify additional design corrosion
margins based on maintenance plans.

Note:

Local allowable wastage allowance of plates and stiffeners for floating terminals designed for uninterrupted operation on-site
without any drydocking and having a design life longer than 20 years is described in 4-2/5.5.2.1ii.

The rounding of the calculated thickness is to be the nearest half millimeter. For example:

e For 10.75 <t g < 11.25 mm, the required thickness is 11 mm

e For 11.25 <t 4 < 11.75 mm, the required thickness is 11.5 mm

When the difference between the required net thickness and the offered net thickness is less than 0.25 mm,
the offered net thickness is acceptable if the rounded required gross thickness is smaller or equal to the
offered gross thickness. For example, the calculated required net thickness is 11.27 mm with a nominal
design corrosion margin of 1.25 mm based on a 25 year design life. Then the rounded required net
thickness is 11.5 mm. The offered gross thickness is 12.5 mm, therefore the offered net thickness is 11.25
mm (12.5 mm — 1.25 mm). The calculated required gross thickness is 12.52 mm (11.27 mm + 1.25 mm)
and the rounded required gross thickness is 12.5 mm. The offered net thickness of 11.25 mm is therefore
acceptable, rather than the rounded required net thickness of 11.5 mm.
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1 General

1.1 The Concept and Application of Environmental Severity Factors

Floating liquefied gas terminals (FLGT) are sited at locations in which the dynamic components of their
loading may be less than those arising from unrestricted service conditions for seagoing trading ships. To
adjust the loadings and load effects produced by the site-specific long-term environment at the FLGT site
(compared to the full ocean service), a series of "Environmental Severity Factors" (ESFs) have been
derived. There are two types of ESFs, which are referred to as "Alpha" type («) and "Beta" type (f). The a
factors are used to adjust fatigue strength performance expectations between the full ocean service and the
long-term site-specific environment. The § factors are used primarily to adjust the dynamic component of
loads that are used to establish: hull girder strength (i.e., wave-induced hull girder loads), individual
scantling design equations, the loads used in the strength analyses of the hull, and ancillary forces, such as
those from the motion of equipment masses located on or above the main deck. In practice, the hull may be
loaded over a large range of tank loading patterns and external drafts. The implied value of all ESFs of
both the alpha and beta types for the full ocean service is 1.0.

The determination of the environmental severity factors is to be carried out in accordance with Appendix
3-A3 using the ABS Eagle FLGT SEAS program.

1.3 Load Components

In the design of the hull structure, all load components with respect to the hull girder and local structure as
specified in this Guide and Section 3-2-1 of the Marine Vessel Rules are to be taken into account. These
include static loads in still water, wave-induced motions and loads, sloshing, slamming, dynamic, thermal
and ice loads where applicable.

3 Static Loads

31 Still-water Bending Moment and Shear Force

To assess the yielding and buckling strength of the hull structure, the standard design load cases described
in this Section are to be analyzed. For still-water bending moment and shear force calculations see 3-4/3.1
of this Guide, and 3-2-1/3.3 and 3-2-1/3.9 of the Marine Vessel Rules.

When a direct calculation of wave-induced loads [i.e., longitudinal bending moment and shear forces,
hydrodynamic pressures (external) and inertia forces and added pressure heads (internal)] is not submitted,
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3.3

envelope curves of the still-water bending moments (hogging and sagging) and shear forces (positive and
negative), are to be provided.

Except for special loading cases, the loading patterns shown in 3-3/3.3 FIGURE 1A for single center cargo
tank arrangement and 3-3/3.3 FIGURE 1B for two cargo tanks abreast arrangement are to be considered in
determining local static loads. Loading patterns representing a repair condition where it is assumed a cargo
or ballast tank is empty (being repaired) with surrounding tanks or spaces also empty are implicitly
included in the loading patterns shown in 3-3/3.3 FIGURE 1A and 3-3/3.3 FIGURE 1B. The one exception
where it is explicitly included is for the case of a single center cargo tank under repair, as shown in 3-3/3.3
FIGURE 1A, RLC 1.

Additional Special Loading Patterns for Independent Cargo Tanks

To assess the yielding and buckling strength of independent cargo tank structures and their supports,
additional static standard design load cases are to be analyzed. These special load cases (SLC) can be
categorized into the following groups:

e One side of tank loaded condition (SLC1 in 3-3/5.9.3 TABLE 1C)
e Flooded load case for transverse bulkhead (SLC2 in 3-3/5.9.3 TABLE 1C)
e Accidental load cases for supports and chocks (SLC3 ~ SLCS in 3-3/5.9.3 TABLE 1C)

The special loading patterns are shown in 3-3/3.3 FIGURE 1C.
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FIGURE 1A
Loading Pattern
e e
bl bl
bt bt
LC1&3 LC3 LC7
3/4 Full Draft 3/4 Full Draft 3/4 Full Draft
bl bl
bt bt
'] ']
bt bt
bt bl
bt bl
bl el
LC2 &4 LC6 LCS8
Full Draft 3/4 Full Draft Full Draft

- Cargo Loaded E Ballast Water Loaded

For detailed loading information, see 3/Table 1.

F1C 1 - Repair Condition
3/4 Full Draft
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FIGURE 1B
Loading Pattern
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FIGURE 1C
Special Loading Patterns for Independent Cargo Tanks
Port Stbd Profile Plan
C.L.
0.5d,
]
Port Sthd Profile Plan
| || |
C.L.
; | I Ii |
SLC 1
Port Stbd Profile Plan
- |
Profile Plan
| I | |
CL
I
SLC 2
Port Stbd

SLC3

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 77



Chapter 3  Structural Design Requirements
Section 3 Load Criteria

B LSS

ZrOX

TTTTTTTITT

P
Collision Aftward —

Plan

————— I cr

Vertical y
Supports [

e e e s e S
ryX

Z
L;_LQ}_JL_LJL —————
I e e e

ITT

1T

v { I A e e
Collision Aftward -

Plan

7%
2

Vertical y
Supports .[ X

SLC4

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 78



Chapter
Section

3  Structural Design Requirements
3 Load Criteria

%

%

ﬂ/_ o l\\
f£ J.—’\ :\'\\
ITITIIIIT
4 El
Lol LIL L]
Vertical
Supports

Profile

Plan

7

Z

7

Y.

/ i
. \
I = N
=1 &)
‘f, LILJIILLLL R
A B
RN ENN
Vertical
Supports
SLC5
5 Wave-Induced Loads

Where a direct calculation of the wave-induced loads is not available, the approximation equations given

below may be used to calculate the design loads.
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When a direct calculation of the wave-induced loads is performed, envelope curves of the combined wave
and still-water bending moments and shear forces, covering all the anticipated loading conditions, are to be
submitted for review.

5.1 Wave-Induced Longitudinal Bending Moments and Shear Forces
5.1.1 Vertical Wave Bending Moments Amidships
The wave bending moment, expressed in kN-m (tf-m, Ltf-ft), may be obtained from the following

equations.
M, = — klﬁVBMClLZB(Cb +0.7) x 1073 Sagging Moment
M= + kzﬁVBMClLZBCb x 1073 Hogging Moment
where
k, = 110 (11.22, 1.026)
k, = 190 (19.37, 1.772)
Bvem =  ESF for vertical bending moment, as defined in Appendix 3-A3
- 300 —L\1.5
c, = 10.75- (35 90 <L <300m
= 10.75 300<L<350m
- L—350\1-5
= 10.75 - (:229) 350 <L <500m
- 984 — L\1.5
= 10.75— (2= 295 < 1.<984 ft
= 10.75 084 <L <1148 ft
- L—1148\1.5
= 10.75 - (5552 1148 <L < 1640 fi
L = length of vessel, as defined in 3-1-1/3.1 of the Marine Vessel Rules, in m (ft)
B = Dbreadth of vessel, as defined in 3-1-1/5 of the Marine Vessel Rules, in m (ft)
C = block coefficient, as defined in 3-1-1/13.3 of the Marine Vessel Rules

b

5.1.2 Envelope Curve of Wave Bending Moment

The wave bending moment along the length, L, of the vessel, may be obtained by multiplying the
midship value by the distribution factor, M, given in 3-3/5.3.2 FIGURE 2A.

5.1.3 Vertical Wave Shearing Forces

The envelopes of the maximum wave induced shearing forces, F , expressed in kN (tf, Ltf), may
be obtained from the following equations:

Fyp = + kByspF1C1LB(Cp+ 0.7) X 1072 for positive shear force

Fyn= —kByspF2C1LB(Cp + 0. 7)10_2 for negative shear force
where

F.,, = maximum shearing force induced by wave, in kN (tf, Ltf)

C = asdefined in 3-3/5.1.1

1
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- = ESF for vertical shear force, as defined in Appendix 3-A3

= length of vessel, as defined in 3-1-1/3.1 of the Marine Vessel Rules, in m (ft)
= breadth of vessel, as defined in 3-1-1/5 of the Marine Vessel Rules, in m (ft)
block coefficient, as defined in 3-1-1/13.3 of the Marine Vessel Rules

= 30(3.059,0.2797)

= distribution factor, as shown in 3-3/5.3.2 FIGURE 3A

= distribution factor, as shown in 3-3/5.3.2 FIGURE 3B

1

o N Y AW N ™
I

2

5.3 Horizontal Wave Bending Moments and Shear Forces
5.3.1 Horizontal Wave Bending Moments

The horizontal wave bending moments, positive (tension port) and negative (tension starboard),
may be obtained from the following equation:

My =+ muBupuK3CiL?DCyx 1072 kN-m (tf-m, Ltf-fr)

where

m, = distribution factor obtained from 3-3/5.3.2 FIGURE 2B

B sy =  ESF for horizontal bending moment, as defined in Appendix 3-A3

K, = 180(18.34, 1.68)

D = hull depth of floating terminal, in m (ft), as defined in 3-1-1/7.1 of the Marine

Vessel Rules

C,, L, and C, are as given in 3-2-1/3.5 of the Marine Vessel Rules.

5.3.2 Horizontal Wave Shear Force

The envelope of horizontal wave shearing force, £, expressed in kN (tf, Ltf), positive (toward
port forward) or negative (toward starboard aft), may be obtained from the following equation:

Fy= % fuBusrkCiLD(C,+ 0.7) x 1072 kN (tf, Ltf)

where

£ = distribution factor, as given in 3-3/5.3.2 FIGURE 3C

B 4 =  ESF for horizontal shear force, as defined in Appendix 3-A3
k = 36(3.67,0.34)

C ., L, D and C, are as defined in 3-3/5.3.1 above.
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FIGURE 2A
Distribution Factor M
1 —
M
0 N -
0.0 04 0.65 1.0
Aft Forward
end of L Distance from the aft end of L in terms of L end of L
FIGURE 2B
Distribution Factor m,
1.0 v
E
: |
= |
1
= !
Z i
= i
= 1
-~ |
=z i
(= i
i
1
i
'
0.0 L
0.0 0.4
Afi Forward
end of L end of L

Distance from the aft end of L i terms of L

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 82




Chapter 3  Structural Design Requirements

Section 3 Load Criteria
FIGURE 3A
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FIGURE 3C
Distribution Factor f,
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5.5 External Pressures
5.5.1 Pressure Distribution

The external pressures, p,, (positive toward inboard), imposed on the hull in seaways can be
expressed by the following equation at a given location:

Pe = pg(hs + Beps/eppkuhae) =0 N/em? (kgf/em?’, 1bf/in’)

where
pg = specific weight of sea water
= 1.005 N/ecm*m (0.1025 kgf/cm?-m, 0.4444 1bf/in*-ft)
h, = hydrostatic pressure head in still water, in m (ft)
B psepp =  ESF for external pressure starboard/port, as defined in Appendix 3-A3
k, = load factor, and may be taken as unity unless otherwise specified
h, = hydrodynamic pressure head induced by the wave and may be calculated as
follows:
= kchg;m (ft)
k., = correlation factor for a specific combined load case, as given in 3-3/7.3.1 and
3-3/9
h, = hydrodynamic pressure head at location i (i =1, 2, 3, 4 or 5; see 3-3/5.9.3
FIGURE 4)
= kpaihgo m (ft)
k, = distribution factor along the length of the vessel

= 1+ (kp,— 1)cosy, ks, is as given in 3-3/5.9.3 FIGURE 5

= 1.0 amidships
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Q; = distribution factor around the girth of vessel at location i
= 1.00-0.25cosu for i =1, at WL, starboard
= 040-0.10cos u for i = 2, at bilge, starboard
= 030-0.20sinu for i = 3, at bottom centerline
= 2az3—ay for i = 4, at bilge, port
= 0.75-1.25sinu fori=15, at WL, port
a; at intermediate locations of i may be obtained by linear interpolation.
U = wave heading angle, to be taken from 0° to 90° (0° for head sea, 90° for beam
sea for wave coming from starboard)
h, = 136 kC m (ft)
k = 1(1,3.281)
C, = asdefined in 3-3/5.3.1
The distribution of the total external pressure including static and hydrodynamic pressure is
illustrated in 3-3/5.9.3 FIGURE 6.
5.5.2 Extreme Pressures
In determining the required scantlings of local structural members, the extreme external pressure,
p., to be used, is as defined in 3-3/5.5.1 with £ as given in 3-3/7 and 3-3/9.
5.5.3 Simultaneous Pressures

When performing 3D structural analysis, the simultaneous pressure along any portion of the hull
girder may be obtained from:

Pes = P (hs + Beps/eppksluhae) = 0 Niem? (kgf/em?, Ibf/in’)

where
B wpsepr =  ESF for external pressure starboard/port, as defined in Appendix 3-A3
k, = factor denoting the phase relationship between the reference station and
‘ adjacent stations considered along the vessel’s length, and may be determined as
follows:
2 —
= kfo{l - [1 - COSM]COSM}
k., = *1.0, as specified in 5.9.3 TABLE 1.
X = distance from A.P. to the station considered, in m (ft)
X, = distance from A.P. to the reference station*, in m (ft)

Note: * The reference station is the point along the vessel’s length where the wave trough
or crest is located and may be taken as the mid-point of the mid-hold of the three
hold model.

L = scantling length of floating terminal, in m (ft), as defined in 3-1-1/3.1 of the

Marine Vessel Rules

U = wave heading angle, to be taken from 0° to 90°

p g h,k, and h, are as defined in 3-3/5.5.1.
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The simultaneous pressure distribution around the girth of the vessel is to be determined based on
the wave heading angles specified in 3-3/7 and 3-3/9.

5.7 Internal Pressures - Inertia Forces and Added Pressure Heads
5.7.1 Floating Terminal Motions and Accelerations

To determine the inertial forces and added pressure heads for a completely filled cargo or ballast
tank, the dominating vessel motions, pitch and roll, and the resultant accelerations induced by the
wave are required. When a direct calculation is not available, the equations given below may be
used.

5.7.1(a) Pitch.
The pitch amplitude (positive bow up):

b= ﬂpMokl(lo/Cb)1/4/L degrees, but need not to be taken greater than 10°

The pitch natural period:

T, = k2/Cpd; seconds

where

B oo =  ESF for pitch motion, as defined in Appendix 3-A3
k, = 1030 (3380) for L in m (ft)

k, = 3.5(1.9323) for d in m (ft)

d, = draft amidships for the relevant loading conditions

L and C, are as defined in 3-3/5.3.1.

5.7.1(b) Roll.
The roll amplitude (positive starboard down):

0= CRﬁRM0(35 - keCdlA/1000) if Tr> 20 seconds
0 = CrBruo(35 — keCqiA/1000)(1.5375 — 0.027T,) if 12.5 < T <20 seconds
0 = CrBruo(35 — kgCqiA/1000)(0.8625 + 0.027T,) if T.< 12.5 seconds

0 in degrees, but need not to be taken greater than 30°

kg = 0.005(0.05,0.051)

Cy = 1.05

B rvo = ESF for roll motion, as defined in Appendix 3-A3

cd, = 1.06(d/d)-0.06

d, = draft amidships for the relevant loading conditions, m (ft)

df = draft, in m (ft), as defined in 3-1-1/9 of the Marine Vessel Rules

4 = k,LBd C kN (tf, Ltf)

k, = 10.05(1.025, 0.0286)

c, = block coefficient, as defined in 3-1-1/13.3 of the Marine Vessel Rules, but is not to be taken less
than 0.6
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L and B are the length and breadth of the vessel respectively, as defined in Section 3-1-1 of the
Marine Vessel Rules.

The roll natural motion period:

T, = kyk,/ GM°>  seconds

where
k, = 2(1.104)
. = roll radius of gyration, in m (ft), and may be taken as 0.358 for full load
conditions and 0.45B for ballast conditions
GM = metacentric height, in m (ft), to be taken as:
= GM (full) for full draft
= 1.5 GM (full) for 3/4d,
= 2.0 GM (full) for 2/3d,
GM(full = metacentric height for fully loaded condition
) If GM (full) is not available, GM (full) may be taken as 0.12B for the purpose of

estimation.

5.7.1(c) Accelerations.

The vertical, longitudinal and transverse accelerations, a , a, and a, of tank contents (cargo or
ballast) may be obtained from the following formulae:

a, = Cyfyackyang m/sec’ (ft/sec?) positive downward

ap = CoBrackea,g misec? (ft/sec?) positive forward

a; = CeBrackia,g  misec? (ft/sec?) positive starboard

where

a, =k, (2.4/L"”+34/L - 600/L%) for Lin m
=k, (4.347/L'"* + 111.55/L - 6458/L%) for L in ft

k, = 1.38-0.47C,

C, = cosf+(1+2.42z/B)(sinp)k,

B = wave heading angle in degrees, 0° for head sea, and 90° for beam sea for wave

coming from starboard

B . = ESF for vertical acceleration, as defined in Chapter 3, Appendix 3

B ., = ESF forlongitudinal acceleration, as defined in Chapter 3, Appendix 3

B . = ESF for transverse acceleration, as defined in Chapter 3, Appendix 3

k., = [1+0.65(5.3 -45/L)* (x/L - 0.45)*]"* for Linm
= [1+0.65(5.3 - 147.6/L)* (x/L- 0.45)*]"* for L in ft

C, = 0.35-5.0(L-200) 10 for L inm
= 0.35-1.5(L-656) 10" for L in ft

ko, = 05+8y/L
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= 1.27[1 + 1.52(x/L- 0.45)}]""

k, = 0.35+y/B

x = longitudinal distance from the A.P. to the station considered, in m (ft)

y = vertical distance from the waterline to the point considered, in m (ft), positive
upward

z = transverse distance from the centerline to the point considered, in m (ft), positive
starboard

g = acceleration of gravity = 9.8 m/sec? (32.2 ft/sec?)

L and B are the length and breadth of the vessel respectively, as defined in Section 3-1-1 of the
Marine Vessel Rules, in m (ft).

5.7.2 Internal Pressures
5.7.2(a) Distribution of Internal Pressures.

The internal pressure, (positive toward tank boundaries) for a completely filled tank may be
obtained from the following formula:

pi=pg(m+4n + kyhy) +p, =0  N/em?® (kgf/em?, 1bf/in®)

where
r, = (@,-p)=0 in cargo tank, N/cm? (kgf/cm?, Ibf/in?)
= 0 in ballast tank
p,, = pressure setting on pressure/vacuum relief valve < 6.90 N/em? (0.71 kgf/em?, 10.00
Ibf/in®) for integral gravity tanks
p, = 2.50N/em’(0.255 kgf/em?, 3.626 1bf/in®)
pg = specific weight of the liquid, not to be taken less than 0.49 N/cm?-m (0.05 kgf/cm?-m,
0.2168 1bf/in’-ft) for the fluid cargoes and not less than 1.005 N/cm?-m (0.1025 kgf/
cm?-m, 0.4444 1bf/in*-ft) for ballast water
n = local coordinate in vertical direction for tank boundaries measuring from the top of the
tanks, as shown in 3-3/5.9.3 FIGURE 7B, in m (ft)
An = 0 for the cargo tank and the ballast tank whose tank top extends to the upper deck or
the trunk deck
= adistance equivalent to */, of the distance from tank top to the top of the overflow (The
exposed height is minimum 760 mm above freeboard deck or 450 mm above
superstructure deck.) for the lower tank whose tank top does not extend to the upper
deck.
k, = load factor and may be taken as unity unless otherwise specified
h, = wave-induced internal pressure head, including inertial force and added pressure head.
= k(na;/g + Ahy) in m (ft)
k, = correlation factor and may be taken as unity unless otherwise specified
a, = effective resultant acceleration at the point considered, and may be approximated by:

0.71Cap[wya, + we(€/h)a, + we(b/h)a;] m/sec? (ft/sec’)

C , is specified in 3-3/5.7.2(d).

dp
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a,,apand a, are as given in 3-3/5.7.1(c).

w , w, and w, are weighted coefficients, showing directions, as specified in 3-3/Tables 1 and 3.

Ah = added pressure head due to pitch and roll motions at the point considered, in m (ft),
may be calculated as follows:

i

In general, the added head may be calculated based on the vertical distance from the reference
point of the tank to the point considered. The reference point is (1) the highest point of the tank
boundary after roll and pitch, or (2) the average height of the points, after roll and pitch, which are
An above the top of the tank at the overflow, whichever is greater.

For prismatic tanks on starboard side, whose tank top extends to the upper deck or the trunk deck,
added pressure head may be calculated as follows:

i) For bow down and starboard down (¢, < 0,6, > 0)
Ah;= &sin(— ¢,) + €y (¢.Sinb, cosd, + n,cos6.cosd, — 1)

(e = b-— (
Me = 1
ii) For bow up and starboard up (¢, > 0,0, < 0)

Ah;= (£ —&sind, + C,y (¢sin( — 6,)cosd, + n.cos6,.cosd, — 1)

(e = (=06
ne lar n—46p

£gcC
T

&, {,n are the local coordinates, in m (ft), for the point considered with respect to the origin in
3-3/5.9.3 FIGURE 7B.

C ,, is specified in 3-3/5.7.2(d).

8p and &, are the local coordinate adjustments, in m (ft), for the point considered with respect to
the origin shown in 3-3/5.9.3 FIGURE 7B.

where
6, = 0.71C¢0
b = 0.71C4d
£ = length of the tank, in m (ft)
h = depth of the tank, in m (ft)
b = breadth of the tank considered, in m (ft)

¢ and 0 are pitch and roll amplitudes, as given in 3-3/5.7.1(a) and 3-3/5.7.1(b).
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Cy and (g are weighted coefficients, showing directions as given in 3-3/Tables 1 and 3.

For prismatic lower tanks on starboard side, whose tank top does not extend to the upper deck or
the trunk deck, the added pressure head may be calculated as follows assuming the reference point
based on the average height of the overflow.

i) For bow down and starboard down (¢, < 0,6, > 0)
Ah; = (§ = £/2)sin( = &) + Cry({esinbecosd, + n.cosbecosd, — 1)
{e=ba—¢
ne=n+A4n
ii) For bow up and starboard up (¢, > 0,0, < 0)
Ah; = (£/2 — &)sind, + C, {{sin( — 6,)cosd, + n.cos0,cosdp, — 1.}
{e={—bq
ne=n+4n
b, is the transverse distance of over flow from ¢ axis. All other parameters are as defined above.

5.7.2(b) Extreme Internal Pressure.

For assessing local structures at a tank boundary, the extreme internal pressure with as specified in
3-3/7 is to be considered.

5.7.2(c) Simultaneous Internal Pressures.

In performing a 3D structural analysis except for L.C. 9, 10 and 11, the internal pressures may be
calculated in accordance with 3-3/5.7.2(a) and 3-3/5.7.2(b) above for tanks in the mid-body. For
tanks in the fore or aft body, the pressures should be determined based on linear distributions of
accelerations and motions along the length of the vessel.

5.7.2(d) Definition of Tank Shape and Associated Coefficients
i) Rectangular Tank

The following tank is considered as a rectangular tank:

b/b,<3.00or h/h;<3.0

where

b = extreme breadth of the tank considered

b, = least breadth of wing tank part of the tank considered

h = extreme height of the tank considered

h, = least height of double bottom part of the tank considered, as shown in 3-3/5.9.3

FIGURE 7A

The coefficients C " and C_ of the tank are as follows:

C 1.0

dp_

c =10

ru
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ii) J-shaped Tank
A tank having the following configurations is considered as a “J-shaped” tank.
b/b,>5.0 and h/h,> 5.0

The coefficients C " and C_ are as follows:

c,=07
c,.=10
iii) In the case where the minimum tank ratio of b/b, or h/h,, whichever is lesser, is greater

than 3.0 but less than 5.0, the coefficient C,, of the tank is to be determined by the
following interpolation:

An intermediate tank between rectangular and J-shaped tank:
C,,=1.0-0.15 (the lesser of b/b, or h/h, - 3.0)

c =10

ru

5.9 Internal Pressures - IGC Code

The cargo tanks with their supports and other fixtures are to be designed taking into account internal
pressure loads based on the [nternational Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC Code). The vessel acceleration and internal pressure formulations of the IGC
Code are modified to account for site specific wave environment and to also accommodate two cargo tanks
abreast that are arranged along the centerline of the terminal’s hull. The determination of the accelerations
and pressures is given in the following paragraphs.

5.9.1 Vessel Accelerations (1 August 2017)

The accelerations acting on tanks are estimated at their center of gravity. a, a, ,a, are the
maximum dimensionless accelerations (i.e., relative to the acceleration of gravity) in the
longitudinal, transverse and vertical directions, respectively and they are considered as acting
separately for calculation purposes. a, does not include the component due to the static weight, a,
includes the component due to the static weight in the transverse direction due to rolling and a_
includes the component due to the static weight in the longitudinal direction due to pitching. The
following formulae are given as guidance for the components of acceleration due to floating
offshore gas terminal’s motions corresponding to a probability level at the operating site wave
environment, and apply to terminals with a length exceeding 50 m (164 ft). These formulae are
based on the accelerations defined in 5C-8-4/28.2 of the Marine Vessel Rules and modified by the
appropriate ESF 8 factors.

Vertical acceleration
45\2( x 2(0.6\1-5 , (0.6yk1> 2 ;
1+(53_T) (Z+005) (G) + — 5 for L inm

1.5\2
\/1+(5.3—1‘;—8)2(%+0.05)2(%)1'5+(%>| for L inft

a, = * Byacao

a, = x Bracao

Transverse acceleration

@y = * Bracan/0.6+2.5(% +0.05)° + K(1+0.6K5)’

Longitudinal acceleration
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a, = + Braca0.06 + A% — 0.254

with:
A= (0 7 — s + 55)(M) for L inm
y 1200 L)\ Cg
= __L z\(90.6 i
—(0.7 3937+5L)( B) for L inft
where
L = scantling length of floating terminal, in m (ft)
C, = block coefficient
B = greatest molded breadth of floating terminal, in m (ft)
B i = ESF for vertical acceleration, as defined in Chapter 3, Appendix 3
B e = ESF for transverse acceleration, as defined in Chapter 3, Appendix 3
B L = ESF for longitudinal acceleration, as defined in Chapter 3, Appendix 3
X = longitudinal distance from amidships to the center of gravity of the tank with
contents, in m (ft); x is positive forward of amidships, negative aft of amidships
¥y = transverse distance from vessel’s centerline to the center of gravity of the tank
with contents, in m (ft); y is positive portside, negative starboard
z = vertical distance from the terminal’s actual waterline to the center of gravity of
tank with contents, in m (ft); z is positive above and negative below the
waterline.
600
34— 2=
a, - % + w for L inm
6458
= 3.6 (112 — T) i
W + S E— for L inft
K = 1.0 in general. For particular loading conditions and hull forms, determination of
K according to the formula below may be necessary.
= 13GM/B, where K > 1.0 and GM = metacentric height, in m (ft)
a,a,a, = maximum dimensionless accelerations (i.e., relative to the acceleration of

gravity) in the respective directions and they are considered as acting separately
for calculation purposes, a, does not include the component due to the static
weight, a, includes the component due to the static weight in the transverse
direction due to rolling and a, includes the component due to the static weight in
the longitudinal direction due to pitching.

5.9.2 Internal Pressure for Initial Scantling Evaluation

To determine the inertial forces and added pressure heads for a completely filled cargo tank, the
dominating vessel motion parameters induced by waves are to be calculated. The internal pressure
P, resulting from the design vapor pressure p, and the liquid pressure p,, but not including effects
of liquid sloshing, as defined in 5C-8-4/13.2 and 5C-8-4/28.1 is to be calculated as follows:

Pgc = Po + Pga kgf/sz

The internal liquid pressures are those created by the resulting acceleration of the center of gravity
of the cargo due to the motions of the floating terminal. The value of internal liquid pressure p,,
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resulting from combined effects of gravity and dynamic accelerations is to be calculated as
follows:

pgd = paﬁZﬁ10_4 kgf/sz

Note:  For initial scantling evaluation, the cargo tank pressure is to be determined based on the full load
condition corresponding to the scantling draft.

where

p = pecific weight of ballast or cargo, in kgf/m*-m

a g = dimensionless acceleration (i.e., relative to the acceleration of gravity), resulting from
gravitational and dynamic loads, in an arbitrary direction 8 (see 3-3/5.9.3 FIGURE 8)

Zp = largest liquid height above the point where the pressure is to be determined, in m,

measured from the tank shell in the § direction (see 3-3/5.9.3 FIGURE 9)
Tank domes considered to be part of the accepted total tank volume should be taken into account

when determining Zg unless the total volume of tank domes V,,, does not exceed the following
value:

Vaom = Vtank(%)

where
V ik tank volume without any domes
FL = filling limit according to Section 5C-8-15 of the Marine Vessel Rules

The direction which gives the maximum value (p,),.. of p,, is to be considered for the scantling
requirements of plating and stiffeners of cargo tank boundaries. Where acceleration components in
three directions need to be considered, an ellipsoid is to be used instead of the ellipse in 3-3/Figure
8. The above formula applies only to full tanks.

5.9.2(a) Simultaneous Internal Pressures.

When performing 3-D structural analysis such as required in TSA, it is to be performed for the
IGC load cases: L.C. 3 IGC, L.C. 5 IGC and L.C. 7 IGC, see 3-3/5.9.3(a) TABLE 1B. The L.C. 3
IGC represents a condition of maximum internal pressure on the inner bottom, and L.C. 5 and 7
IGC represent a condition of maximum internal pressure on the starboard longitudinal bulkhead.
The IGC pressure is to be treated as a simultaneous pressure loading wherein for each of the load
cases the direction which gives the maximum IGC pressure on the inner bottom and on the
longitudinal bulkhead are in turn treated as simultaneous pressures acting in the tank.

5.9.3 Simultaneous Internal Pressures for Strength Assessment

When performing 3D structural analysis such as required in TSA, it is to be performed for the IGC
load cases as shown in 3-3/5.9.3(a) TABLE 1B to evaluate main supporting members in
membrane tank floating terminals. The IGC pressure is to be treated as a simultaneous pressure
loading wherein for each of the load cases the direction which gives the maximum IGC pressure
on the inner bottom and then on the longitudinal bulkhead are each in turn treated as simultaneous
pressures acting in the tank.

For finite element strength assessment, the internal pressure acting on cargo tanks corresponds to
the instantaneous value when one dominant load parameter attains its maximum value. The
internal pressure, p, positive toward outboard, for a completely filled tank, may be obtained from
the following formula:
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pi = pl(kceayxe + keeayye + ke, zgp) + zo] + o, N/em?(kgf/em?, 1bf/in’)

where

k., = load combination factor for longitudinal acceleration, as defined in 3-3/5.9.3(a)
TABLE 1B

k., = load combination factor for transverse acceleration, as defined in 3-3/5.9.3(a)
TABLE 1B

k., = load combination factor for vertical acceleration, as defined in 3-3/5.9.3(a)
TABLE 1B

Origin = maximum pressure point of the tank from the center of the tank. This origin is
also referred to as the zero dynamic pressure point.

X, = longitudinal distance from the reference point of the tank to the pressure point, in
m (ft), positive toward bow for a fore cargo tank structure

Vo = transverse distance from the reference point of the tank to the pressure point, in m
(ft), positive toward starboard

zp = vertical distance from the reference point of the tank to the pressure point, in m

(ft), positive downward

a,,a,and a_are given in 3-3/5.9.1 and p is as specified in 3-3/5.9.1

FIGURE 4
Distribution of h,
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FIGURE 5
Pressure Distribution Function k,,
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FIGURE 7A
Tank Shape Parameters
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FIGURE 7B
Definition of Tank Geometry
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FIGURE 8
Acceleration Ellipse
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a ;= resulting acceleration (static and dynamic) in arbitrary direction &
a,= transverse component of acceleration
a,= vertical component of acceleration

FIGURE 9
Determination of Internal Pressure Heads

Notes:  Small tank domes not considered to be part of the accepted total volume of the cargo tank need not be
considered when determining Z,. See 3-3/5.9.2 for definition of small tank dome volume not to be

considered in total tank volume.
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FIGURE 10
Location of Tank for Nominal Pressure Calculation
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TABLE 1A
Combined Load Cases* for Total Strength Assessment (2078)

LC 1 L.C2 L.C 3 L.C 4 LC 5 L.C. 6 L.C 7 L.C 8

A. Hull Girder Loads (See 3-3/5)**

Vertical B.M. Sag (-) Hog (+) Sag (-) Hog (+) Sag (-) Hog (+) Sag (-) Hog (+)
k, 1.0 1.0 0.7 0.7 0.3 0.3 0.4 0.4
Vertical S.F. ) ) () ) ) ¢) ) )
k, 0.5 0.5 1.0 1.0 0.3 0.3 0.4 0.4
Horizontal Q) () ) *H
B.M.

k, 0.0 0.0 0.0 0.0 0.3 0.3 1.0 1.0
Horizontal +) ) +) -
S.F.

k 0.0 0.0 0.0 0.0 0.3 0.3 0.5 0.5

c

B. External Pressure (See 3-3/5.5)

k, 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0
ke -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0

C. Internal Tank Pressure (See 3-3/5.7)

k 0.4 0.4 1.0 0.5 1.0 0.5 1.0 0.5

c

w 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4

v
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LC 1 L.C.2 LC.3 LC. 4 LC 5 LC.6 LC7 L.C 8
Wp Fwd Bhd Fwd Bhd Fwd Bhd Fwd Bhd — — Fwd Bhd 0.2 | Fwd Bhd
0.25 -0.25 0.25 -0.25 -0.2
Aft Bhd Aft Bhd Aft Bhd Aft Bhd — — Aft Bhd -0.2 | Aft Bhd 0.2
-0.25 0.25 -0.25 0.25
w, — — — — Port Bhd Port Bhd Port Bhd | Port Bhd 0.4
-0.75 0.75 -0.4
— — — — Stbd Bhd Stbd Bhd Stbd Bhd Stbd Bhd
0.75 -0.75 0.4 -0.4
C b Pitch -0.35 0.35 -0.70 0.70 0.0 0.0 -0.30 0.30
Cg,Roll 0.0 0.0 0.0 0.0 1.0 -1.0 0.30 -0.30
D. Reference Wave Heading and Motion of Vessel
Heading 0 0 0 0 90 90 60 60
Angle
Heave Down Up Down Up Down Up Down Up
Pitch Bow Down Bow Up Bow Down Bow Up — — Bow Down Bow Up
Roll — — — — Stbd Down Stbd Up Stbd Down Stbd Up
Notes:
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k,= 1.0 for all load components.

Boundary forces should be applied to produce the above specified hull girder bending moment at the middle of the
structural model and the specified hull girder shear force at one end of the middle hold of the model. The sign
convention for the shear force corresponds to the forward end of the middle hold.

TABLE 1B
Additional IGC Load Cases* for Initial Scantling Evaluation of
Main Supporting Members in Membrane Tank FLGTs by FEA

LC3IGC | LC5IGC | LC7IGC
A. Hull Girder Loads (See 3-3/5)**
Vertical B.M. Sag (-) Sag (-) Sag (-)
k, 0.7 0.3 0.4
Vertical S.F. () * ()
k, 1.0 0.3 0.4
Horizontal B.M. ) Q)
k, 0.0 0.3 1.0
Horizontal S.F. ) )
k, 0.0 0.3 0.5
B. External Pressure (See 3-3/5.5)
k, 0.5 0.5 0.5
kg -1.0 -1.0 -1.0
C. Internal Tank Pressure for Cargo Tank (See 3-3/5.9)
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LC3IGC | LC5IGC | LC71IGC
Vertical component of acceleration (k) 1.0 0.0 0.0
Longitudinal component of acceleration (k_p) 0.0 0.0 0.5
Transverse component of acceleration (k) 0.0 1.0 0.867
D. Internal Tank Pressure for Ballast Tank (See 3-3/5.7)
k, 1.0 1.0 1.0
w, 1.0 0.0 0.0
Wp — — Fwd Bhd 0.5
— — Aft Bhd -0.5
w, — Port Bhd -1.0 Port Bhd
-0.867
— Stbd Bhd 1.0 Stbd Bhd
0.867
C¢, Pitch -1.0 0.0 -0.7
Cg,Roll 0.0 1.0 0.7
E. Reference Wave Heading and Motion of Vessel
Heading Angle 0 90 60
Heave Down Down Down
Pitch Bow Down Bow Down
Roll — Stbd Down Stbd Down
Notes: k, = 1.0 for all load components.
ok Boundary forces should be applied to produce the above specified hull girder bending moment
at the middle of the structural model and the specified hull girder shear force at one end of the
middle hold of the model. The sign convention for the shear force corresponds to the forward
end of the middle hold.
Note  L.C.3IGC, L.C.5IGC and L.C. 7 IGC follow the corresponding loading patterns in 3-3/
Figures 1A and 1B
L.C. 3 IGC: maximum internal pressure on inner bottom
L.C. 5 IGC: maximum internal pressure on Stbd Bhd
L.C. 7 IGC: maximum internal pressure on Stbd Bhd
TABLE 1C
Special Design Load Cases for Independent Cargo Tanks (71 September
2012)
(One side of Tank Loaded and Accidental Load Cases)
SLCI SLC2 SLC3 SLC4 SLC5
Dominant Load Parameter One side of tank flooded flooded collision static heel angle
loaded condition condition condition (anti- condition
(cofferdam float chocks)
bulkhead)
Draft (d,) 1/2d, dyopq 01 0.8D, d, N/A d,
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SLC1 SLC2 SLC3 SLC4 SLCS5
Friction Coefficient N/A N/A 0.10 0.10 0.10
Longitudinal Inertia Load N/A N/A N/A -0.25¢g N/A
Vertical Inertia Load 1.00g N/A 1.00g 1.00g 0.87g
Transverse Inertia Load N/A N/A N/A N/A 0.50g
Vertical Still Water BM N/A N/A N/A N/A N/A
Notes:

1 The frictional coefficient in 3-3/5.9.3(a) TABLE 1C for SLC3 and SLCS is the representative value for the global
finite element model. For the fine mesh finite element models representing individual supports or chocks, the
frictional coefficient is to be taken as 0.3. Alternatively, the frictional coefficient may be determined from the
measurement. The details of the support bearing materials, measurement procedure and measurement data are to be
submitted for ABS review.

2 For SLC1, account is to be taken of an increase of vapor pressure in port condition. This load case may be omitted,
if the piping systems are designed to ensure that the cargoes on both sides of the centerline bulkhead can be loaded
or discharged at the same rate.

3 d/. scantling draft, in m
dﬂ{m J deepest equilibrium waterline in the damaged conditions
Df imaginary freeboard depth, in m

4 (1 September 2012) For SLCS the static heel angle is defined as the most extreme angle of heel under damage
conditions, but not to exceed 30°. If the static heel angle under damage conditions is not available during the initial
design, the angle of submergence of the margin line at full load draft can be used, but not to exceed 30°.

TABLE 1D
Combined Load Cases for Repair Condition*
RLC. 1| RLC.2 | RLC.3 | RLC. 4| RLC.5 | RLC.6 | RLC.7 | RLC.8 | RLC.9 |RL.C. 10
A. Hull Girder Loads (See 3-3/5)**
Vertical Sag (-) Hog (+) Sag (-) Hog (+) Sag (-) Hog (+) Sag (-) Hog (+) Sag (-) Hog (+)
B.M.
k, 1.00 1.00 0.50 0.50 0.25 0.25 0.80 0.80 0.60 0.60
Vertical () ) H ) () ) H ) (+) )
S.F.
k, 0.55 0.55 1.00 1.00 0.15 0.15 0.40 0.40 0.20 0.20
Horizontal ) ) ) +) ) @)
B.M.
k, 0.00 0.00 0.00 0.00 0.10 0.10 1.00 1.00 1.00 1.00
Horizontal +) ) G) ) +) )
S.F.
k, 0.00 0.00 0.00 0.00 0.15 0.15 0.80 0.80 0.80 0.80
B. External Pressure (See 3-3/5.5)
k, 0.85 0.85 0.80 0.80 0.90 0.90 0.90 0.90 0.55 0.55
keo -1.00 1.00 -1.00 1.00 -1.00 1.00 -1.00 1.00 -1.00 1.00
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RLC 1 | RLC2|RLC3|RLC4 | RLCS5 | RLC.6 | RLC.7 | RLC. 8 | RLC.9 | RL.C. 10

C. Internal Tank Pressure (See 3-3/5.7)

k, 0.55 0.55 0.40 0.40 0.70 0.70 0.20 0.20 0.40 0.40
w, 0.60 -0.60 0.35 -0.35 0.55 -0.55 0.15 -0.15 0.25 -0.25
Wp Fwd Bhd | Fwd Bhd | Fwd Bhd | Fwd Bhd — Fwd Bhd | Fwd Bhd | Fwd Bhd | Fwd Bhd
0.20 -0.20 0.65 -0.65 0.45 -0.45 0.75 -0.75
AftBhd | AftBhd | AftBhd | AftBhd — — AftBhd | AftBhd | AftBhd | Aft Bhd
-0.20 0.20 -0.65 0.65 -0.45 0.45 -0.75 0.75
w, — — — — Port Bhd | Port Bhd | Port Bhd | Port Bhd | Port Bhd | Port Bhd
-0.95 0.95 -0.05 0.05 -0.10 0.10
— — — — Stbd Bhd | Stbd Bhd | Stbd Bhd | Stbd Bhd | Stbd Bhd | Stbd Bhd
0.95 -0.95 0.05 -0.05 0.10 -0.10
Cop Pitch -0.20 0.20 -0.45 0.45 -0.05 0.05 -0.10 0.10 -0.35 0.35
cg, Roll 0.00 0.00 0.00 0.00 1.00 -1.00 0.05 -0.05 0.05 -0.05
D. Reference Wave Heading and Motion of Installation
Heading 0 0 0 0 90 90 60 60 30 30
Angle
Heave Down Up Down Up Down Up Down Up Down Up
Pitch Bow Bow Up Bow Bow Up Bow Bow Up Bow Bow Up Bow Bow Up
Down Down Down Down Down
Roll — — — — Stbd Stbd Up Stbd Stbd Up Stbd Stbd Up
Down Down Down

*  k,= 1.0 for all load components.

**  Boundary forces should be applied to produce the above specified hull girder bending moment at the middle of the structural
model and the specified hull girder shear force at one end of the middle hold of the model. The sign convention for the shear
force corresponds to the forward end of the middle hold.

TABLE 2
Load Cases for Sloshing
Sloshing Reference Wave Heading and
Hull Girder Loads* External Pressures Pressures** Motions
V.B.M.
[HB. | VS.F k, k, Heading
M. HS.F k, k] k, k, kﬁ) k, k, Angle | Heave | Pitch | Roll
LCS-1 ) ) 1.0 0.4 1.0 0.5 -1.0 1.0 1.0 60° Down | Bow | Stbd
[(5) ) 1.0 0.7] Down | Down
LCS-2 ) “) 1.0 0.4 1.0 1.0 1.0 1.0 1.0 60° Up Bow | Stbd
[+ ) 1.0 0.7] Up Up

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 103



Chapter 3
Section 3

Structural Design Requirements
Load Criteria

Notes:

* For determining the total vertical bending moment for the above two load cases, 70% of the maximum designed

still water bending moment may be used at the specified wave vertical bending moment station.

where:

V.B.M. is vertical wave bending moment

V.S.F. is vertical wave shear force

H.B.M. is horizontal wave bending moment

H.S.F. is horizontal wave shear force

**  The vertical distribution of the sloshing pressure head is shown in 3-3/Figures 12 and 13.

TABLE 3
Design Pressure for Local and Supporting Members (2018)

A. Plating & Longitudinals/Stiffeners.

c

The nominal pressure, p = |p; - p |, is to be determined from load cases “a” & “b” below, whichever is greater, with k, = 1.10 and
k.= 1.0 unless otherwise specified in the table

Case “a” - At fwd end of the tank

Case “b” - At mid tank or fwd end of tank

Draft/ Coefficients Draft/ Coefficients
Wave Wave
Structural Members/ Heading Location and Heading Location and
Components Angle Loading Pattern ; , Angle Loading Pattern p; p,
1. Bottom Plating & 3/4 design | Full ballast tank 4, A, |Design Mid tank of empty — .
Long’l draft/0° draft/0° ballast tanks
2. Inner Bottom Plating | 3/4 design | Full ballast tank, 4, — | Design Fwd end of full A, —
& Long’l draft/0° cargo tanks empty draft/0° cargo tank, ballast
tanks empty
3. Side Shell Plating & | 3/4 design | Starboard side of full | B, A, |Design Mid tank of empty — B,
Long’l draft/60° ballast tank draft/60° ballast tanks
4. *Deck Plating & Design Full cargo tank D, —
Long’l (Cargo Tank) | draft/0°
5. Deck Plating & 3/4 design | Full ballast tank D, —
Long’l (Ballast draft/0°
Tank)
6. *Inner Skin Long’l | 3/4 design | Starboard side of full | B, — | 3/4 design | Fwd end and B, —
Bhd. Plating & draft/60° cargo tank, ballast draft/60° starboard side of full
Long’l tank empty ballast tank, cargo
tank empty
7. Watertight Double 3/4 design | Starboard side of full | B, —
Bottom Girder draft/60° double bottom tank
or ballast tank,
adjacent space
empty
8. Watertight Side 3/4 design | Full upper tank, 4, — | 3/4 design | Fwd end of full D, —
Stringer, second draft/0° adjacent lower tank draft/ 0° lower tank, adjacent
deck & Long’l Stool empty upper tank empty
in centerline
cofferdam bhd.
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A. Plating & Longitudinals/Stiffeners.

c

The nominal pressure, p = |p; - p |, is to be determined from load cases “a” & “b” below, whichever is greater, with k, = 1.10 and
k.= 1.0 unless otherwise specified in the table

Case “a” - At fwd end of the tank

Case “b” - At mid tank or fwd end of tank

Draft/ Coefficients Draft/ Coefficients
Wave Wave
Structural Members/ Heading Location and Heading Location and
Components Angle Loading Pattern p; p, Angle Loading Pattern p; p,
9. *Trans. Bhd. Plating | Design Fwd. bhd. of full ; —
& Stiffener for draft/0° cargo tank
Membrane Tank
FLGT (Cargo Tank)
10. | Trans. Bhd. Plating | 3/4 design | Fwd. bhd. of full 4, —
& Stiffener (Ballast | draft/0° ballast tank, adjacent
Tank) tanks empty
11. | * Long’l Cofferdam |3/4 design | Starboard side of full | E, — | 3/4 design | Fwd end and center B, —
Bhd. for Membrane | draft/60° cargo tank, adjacent draft/60° double bottom tank
Tank FLGT tank empty full, port cargo tank
empty
12. | Centerline — — — — |d L100a OF Flooded cargo™* — —
Cofferdam Bhd. & 0.8Df** hold, double bottom
Trans. Bhd. for & wing tanks empty
Independent Tank (SLC2)
FLGT
13. | Long’l Lower Stool — — — — dﬂoo 4 OF Flooded double*** — —
in centerline 0.8Df*** | bottom and duct
cofferdam bhd. space
* See note 4
** | See Note 5
**% | See Note 6

B. Main Supporting Members

The nominal pressure, p = |p; - p |, is to be determined at the mid-span of the structural member at the starboard side of vessel

from load cases “a” & “b” below, whichever is greater, with k= 1.0 and k, = 1.0 unless otherwise specified in the table

Case “a” Mid-tank for Transverses

Case “b” Mid-tank for Transverses

Draft/ Coefficients Draft/ Coefficients
Wave Wave
Structural Members/ Heading Location and Heading Location and
Components Angle Loading Pattern ; , Angle Loading Pattern p; .
14. | Double Bottom 3/4 design | Full cargo tank, ; . |Design Cargo and ballast — ,
Floor & Girder draft/0° ballast tanks empty draft/0° tanks empty
15. | Side Transverse 3/4 design | Full cargo tank, B, — | Design Cargo and ballast — B,
draft/60° ballast tanks empty draft/60° tanks empty
16. | Horizontal and 3/4 design | Fwd bhd. of full B, —
Vertical Webs on draft/60° cargo tank, adjacent
Transverse Bulkhead tanks empty
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B. Main Supporting Members

The nominal pressure, p = |p, - p |, is to be determined at the mid-span of the structural member at the starboard side of vessel
rom load cases “a” & “b” below, whichever is greater, with k = 1.0 and k = 1.0 unless otherwise specified in the table
8 u ¢ P

Case “a” Mid-tank for Transverses Case “b” Mid-tank for Transverses
Draft/ Coefficients Draft/ Coefficients
Wave Wave
Structural Members/ Heading Location and Heading Location and
Components Angle Loading Pattern p; p, Angle Loading Pattern D; p,

17. | Deck Transverse: 3/4 design | Cargo tank full, B, —
draft/60° adjacent tanks empty

18. | Deck girders 3/4 design | Cargo tank full, 4, — | 3/4 design | Cargo tank full, B, —
draft/0° adjacent tanks empty draft/60° adjacent tanks empty

Notes:

1 (2018) For calculating p, and p,, the necessary coefficients are to be determined based on the following designated groups:

a) For p,

Ajiwy, = 0.75,wy(fwdbhd) = 0.25,wy(aftbhd) = —0.25,w; = 0.0,cy = - 0.7, cg=0.0

Bi:wy, = 0.4, wp(fwdbhd) = 0.2, wp(aftbhd) = - 0.2, wi(starboard) = 0.4, wi(port) = - 0.4, cp=-0.7
Cg = 0.7

Dizwy, = -0.75,wy(fwdbhd) = 0.25,w; =0.0,c¢,= -0.7,cg=0.0

Ej:wy = 0.4, wy(fwdbhd) = 0.2, w(center cofferdambhd) = 0.4,c, = -0.7,cg = - 0.7

b) Forp,
Apikpo=1.0k;=1.0,k,= —0.5
Boikpo=1.0
2 For structures within 0.4L amidships, the nominal pressure is to be calculated for a tank located amidships. Each cargo tank or

ballast tank in the region should be considered as located amidships as shown in 3-3/5.9.3 FIGURE 10.

3 In calculation of the nominal pressure, pg the specific weight of the fluid cargoes and the ballast water is not to be taken less
than 0.49 N/em®-m (0.05 kgf/cm?®-m, 0.2168 Ibf/in>-ft) and 1.005 N/cm*m (0.1025 kgf/cm®-m, 0.4444 Ibf/in’-ft), respectively.

4 For structural members 4, 6, 9 and 11, sloshing pressures are to be considered in accordance with 3-3/11.3. For calculation of
sloshing pressures refer to 3-3/11.5 with pg not less than 0.49 N/cm®-m (0.05 kgf/cm?-m, 0.2168 Ibf/in*-ft).

5 The nominal pressure for watertight requirement for flooding condition may be taken as the cargo hold filled up to the deepest
equilibrium waterline in the damaged conditions Dtooa This is not to be less than the cargo hold filled up to 0.8 of freeboard

deck at center D, If Dt0a is not available, 0.8D, should be used as an equilibrium waterline for this case.

6 (1 September 2012) The nominal pressure for watertight requirement for flooding condition may be taken as the ballast tanks
and duct space are damaged and filled up to the deepest equilibrium waterline in the damaged conditions dﬂm ~ This is not to
be less than the cargo hold filled up to 0.8 of freeboard deck at center D, If Dt0a is not available, 0.8D, should be used as an
equilibrium waterline for this case.

7 Nominal Design Loads

71 General

The nominal design loads specified below are to be used for determining the required scantlings of hull
structures in conjunction with the specified permissible stresses given in Chapter 3, Section 4.
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7.3 Hull Girder Loads - Longitudinal Bending Moments and Shear Forces
7.3.1 Total Vertical Bending Moment and Shear Force

The total longitudinal vertical bending moments and shear forces may be obtained from the
following equations:

M; = Mg, + k,k:M,, kN-m (tf-m, Ltf-ft)
F=Fq, + k,kF,, kN (tf, Ltf)
where

M, and M are the still-water bending moment and wave-induced bending moment respectively,

W

as specified in 3-3/3.1 and 3-3/5.1.1 for either hogging or sagging conditions.

F  and F are the still-water and wave-induced shear forces respectively, as specified in 3-3/3.1

sw

and 3-3/5.1.3 for either positive or negative shears.
k ,is a load factor and may be taken as 1.0 unless otherwise specified.
k  is a correlation factor and may be taken as 1.0 unless otherwise specified.

For determining the hull girder section modulus for 0.4L amidships as specified in 3-4/3, the
maximum still-water bending moments, either hogging or sagging, are to be added to the hogging
or sagging wave bending moments, respectively. Elsewhere, the total bending moment may be
directly obtained based on the envelope curves as specified in 3-3/3.1 and 3-3/5.1.

For this purpose, k, = 1.0, and k, = 1.0

7.3.2 Horizontal Wave Bending Moment and Shear Force

For non-head sea conditions, the horizontal wave bending moment and the horizontal shear force
as specified in 3-3/5.3 are to be considered as additional hull girder loads, especially for the design
of the side shell and inner skin structures. The effective horizontal bending moment and shear

force, M, and F,,, may be determined by the following equations:

MHE = kukCMH kN-m (tf—m, Ltf—ft)
FHE = kukCFH kN (tf, Ltf)

where k_and &, are a load factor and a correlation factor, respectively, which may be taken as unity
unless otherwise specified.

7.5 Local Loads for Design of Main Supporting Structures

In determining the required scantlings of the main supporting structures, such as girders, transverses,
stringers, floors and deep webs, the nominal loads induced by the liquid pressures distributed over both
sides of the structural panel within the tank boundaries should be considered for the worst possible load
combinations. In general, considerations should be given to the following two loading cases accounting for
the worst effects of the dynamic load components.

i) Maximum internal pressures for a fully filled tank with the adjacent tanks empty and minimum
external pressures, where applicable.

ii) Empty tank with the surrounding tanks full and maximum external pressures, where applicable.
Taking the side shell supporting structure as an example, the nominal loads can be determined from either:

i) p; = kepg(n + kyhy) max. and
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1.7

9.1

9.3

11

11.1

pe = pg(hs + Beps/eppkuhqe) min.
ii) p; =0 and

Pe = pg(hs + Beps/eppkuhqe) max.

where
k. = 10
R — = ESF for external pressure starboard/port, as defined in Chapter 3, Appendix 3

pg, 1, h,h,h,, k areas defined in 3-3/5.5 and 3-3/5.7.

d> 75> "Tded s

Specific information required for calculating the nominal loads are given in 3-3/5.9.3 TABLE 3 for various
structural members and configurations.

Local Pressures for Design of Plating and Longitudinals

In calculating the required scantlings of plating, longitudinals and stiffeners, the nominal pressures should
be considered for the two load cases given in 3-3/7.5, using k, = 1.1 for p, and p, instead of k, = 1.0 as
shown above.The necessary details for calculating p, and p, are given in 3-3/5.9.3 TABLE 3.

Combined Load Cases

Combined Load Cases for Structural Analysis

For assessing the strength of the hull girder structure and in performing a structural analysis as outlined in
Chapter 3, Section 5, the combined load cases specified in 3-3/Tables 1A and 1B for the hull structure are
to be considered. For independent cargo tanks, special load cases specified in 3-3/5.9.3(a) TABLE 1C are
also to be considered. Additional combined load cases may be required as warranted. The loading patterns
are shown in 3-3/Figures 1A, 1B and 1C for three cargo tank lengths. The necessary correlation factors and
relevant coefficients for the loaded tanks are also given in 3-3/Tables 1A, 1B and 1C. The total external
pressure distribution including static and hydrodynamic pressure is illustrated in 3-3/5.9.3 FIGURE 6.

Combined Load Cases for Failure Assessment

For assessing the failure modes with respect to material yielding, buckling and ultimate strength, the
following combined load cases are to be considered.

9.3.1 Yielding, Buckling and Ultimate Strength of Local Structures

For assessing the yielding, buckling and ultimate strength of local structures, the combined load
cases as given in 3-3/Tables 1A, 1B and 1C are to be considered.

9.3.2 Fatigue Strength

For assessing the fatigue strength of structural joints, the combined load cases FLC1 - FLCS8 given
in Chapter 3, Appendix 1, "Guide for Fatigue Assessment", are to be used for a first level fatigue
strength assessment.

Sloshing Loads in Membrane Tanks

General

Except for tanks that are situated wholly within the double side or double bottom, the natural periods of
liquid motions and sloshing loads are to be examined in assessing the strength of boundary structures for
all cargo tanks which will be partially filled between 0.54, (or 0.14, if lesser) and 0.9/ (h, and & are as
defined in 3-3/11.5.3 FIGURE 11). The sloshing pressure heads given in this Subsection may be used for
determining the strength requirements for the tank structures. Alternatively, sloshing loads may be
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11.3

11.5

determined by model experiments. Methodology and procedures of tests and measurements are to be fully
documented and referenced. They are to be submitted for review by the appropriate ABS Technical Office.

Strength Assessment of Tank Boundary Structures

For each of the anticipated loading conditions, the "critical" filling levels of the tank should be avoided so
that the natural periods of fluid motions in the longitudinal and transverse directions will not synchronize
with the natural periods of the vessel’s pitch and roll motions, respectively. It is further recommended that
the natural periods of the fluid motions in the tank, for each of the anticipated filling levels, are at least
20% greater or smaller than that of the relevant vessel’s motion.If the “critical” filling levels of the tank
can not be avoided, tank boundary structures are to be designed in accordance with 3-4/13 to withstand the
sloshing pressures specified in 3-3/11.5. The natural period of the fluid motion may be approximated by
the following equations:

T, = ({’)1/2/k seconds in the longitudinal direction
T, = (bf)l/z/k seconds in the transverse direction
where
£ = length of the tank, as defined in 3-3/11.5.3 FIGURE 11, in m (ft)
, =  breadth of the liquid surface at d,, as defined in 3-3/11.5.3 FIGURE 11, in m (ft)
k= [(tanhHy)/(4n/g)]'/*
H, = md,/?ornd,/bf
d, = filling depth, as defined in 3-3/11.5.3 FIGURE 11, in m (ft)
g = acceleration of gravity = 9.8 m/sec? (32.2 ft/sec?)

The natural periods given in 3-3/5.7 for pitch and roll of the vessel, T, and 7,, using the actual GM value, if
available, may be used for this purpose.

Sloshing Pressures
11.5.1 Nominal Sloshing Pressure

For cargo tanks with filling levels within the critical range specified in 3-3/11.3, the internal
pressures p,, induced by static head and sloshing pressures, positive toward tank boundaries, may
be expressed in terms of equivalent liquid pressure head, %, as given below (See 3-3/11.5.3
FIGURE 12):

Pis = pgh, = 0 N/em?(kgf/cm?, 1bf/in?)

where
h, = C,k(d,6-y)+kh, forybelow filling level d
C, (d -y)need not exceed 4, and /, need not exceed 4, calculated at y = 0.154 for y
below 0.154, as shown in 3-3/11.5.3 FIGURE 12
= k,[h+O,-h)y-d)(h-h,,-d)] for y above d and below (4 - h,)
= k, [h,+h-h)y-h+h)h] for y above (% - h,) and below 4
C, = coefficient in accordance with 3-3/11.5.3 FIGURE 15
d, = filling level for maximum /,_ calculated with Cg,s and Cgg equal to 1.0, in m (ft), as

shown in 3-3/Figure 12, not to be taken less than 0.554
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k= load factor, and may be taken as 1.0 unless otherwise specified

= maximum average sloshing pressure heads, in m (ft), to be obtained from calculations
as specified below for at least two filling levels, 0.554 and the one closest to the
resonant period of vessel’s motions, between 0.2/ and 0.94. i, may be taken as
constant over the tank depth, 4. (See 3-3/11.5.3 FIGURE 12)

h, = sloshing pressure heads for upper bulkhead, in m (ft), to be obtained from calculation
below

h, = sloshing pressure heads at the lower corner of the upper sloping bulkhead, in m (ft), to
be obtained from calculation below

h = depth of tank, as defined in 3-3/11.5.3 FIGURE 11, in m (ft)

y = distance, in m (ft), measured from the tank bottom to the point being considered

pg is as defined in 3-3/5.7.2.

h ,on the tank top is given as:

h, = h, within the longitudinal extent of 0.2¢ from the transverse bulkhead or within the
transverse extent of 0.2b, from the upper corner of the upper sloping bulkhead as
shown in 3-3/11.5.3 FIGURE 14. The value of 4, is taken from the nearest
bulkhead.

= 0 fordistances greater than 0.3 from the transverse bulkhead and 0.3, from the
upper corner of the upper sloping bulkhead

h ,is linearly interpolated in the other area. b, is breadth of the tank top.

The values of /2, and /, may be obtained from the following equations:
2 241/2
he = ke(Coshi + Cash)'/* m (ft)
2 2\1/2
he = k8i(Caps + hip + Coshiy) '/ m (1)

2 2 \1/2
hey = kc5tu(c¢s + hiye + Coshiup) / m (ft)

where
k., = correlation factor for combined load cases, and may be taken as 1.0 unless otherwise
specified
., = 05
. = 05 for y, <96 degrees
= 1.0 otherwise

he = & ,2C, ,[0018+C,(1.0-d/h)/d,]d/hm(ft)
h, = 0,bC,[0.016+C,(1.0-d/h)6,]d/hm (ft)
h, = 0.0068¢ (¢, +40) (b,)"” m (ft)
¢
h, = 0.0055bC", (6, +35)(6,)" cos’y m (ft)
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B = hogth, (B p=hp/(h-d,)m(f)
£
h = 0007bC”, (0, +35) (965)1/2 sinzyum(ft)

tub

Cys and Cg; are the weighted coefficients as given in 3-3/11.5.3 FIGURE 15.

¢

es

0

es

0.71¢

0.716

¢ and 0 are as defined in 3-3/5.7.1.

¢, = 0.792[d /(£)]"* + 1.98

£

¢, = 0.704[d /(b)]"* + 1.76

C, = 09x,/[1+9(1-x)1>025

£

b = breadth of the tank in m (ft), as defined in 3-3/11.5.3 FIGURE 11
x, = T.T,

x, = x, ifx <1.0

= 1k, ifx,>10
C,= 09y /[1+9(1-y)]>025

= T ,/T, Ifroll radius of gyration is not known, 0.39B may be used in the calculation of
T

Y, = Y, ify,<1.0
= 1y, ify >1.0
t,d, T and T are as defined in 3-3/11.3.
T ,and T, are as defined in 3-3/5.7.
C,and C, are C,and C, for d = 0.704; d is as defined in 3-3/11.3.
C,is C, ford =0.70(h - h ).
h’, is h, for the maximum #,.

h , pshall not be less than £ ; h,, shall not be less than £,.

h
h

r

» £ sin (¢,)
b ,sin (0,)

b ,is as defined in 3-3/11.3.
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11.5.2 Additional Nominal Sloshing Pressure for Low-Filling Resonance

When the natural periods at the filling level higher than 1.13%, or 0.17h, whichever is less, and at
filling level lower than 0.2¢ or 0.2b, whichever is higher, are at least 20% greater or smaller than
that of the relevant vessel’s motion, the nominal sloshing pressure for low-filling resonance, p,
should be used for the lower filling level in lieu of the nominal pressure given in 3-3/11.5.1 (See
3-3/11.5.3 FIGURE 13) unless the vessel loading manual indicates that the filling level higher
than 1.13%4, or 0.17h, whichever is less, and lower than 0.2¢ or 0.2b, whichever is higher, are
avoided.

p; = pgh;  N/em? (kgf/em?, Ibf/in?)

but not less than p, given in 3-3/11.5.1 at the same location

where
h i k ¢ (Cd)ihzi{’ + Ceihzib)l/z m (ft)
h, = 0.067¢¢, for y below d,
= 0 for y above d, + 1 m
h, = 0.067b0, for y below d,
= 0 for y above d, + 1 m

h,pand h, vary linearly ind, <y <d,+1m.

C,p,and C, are Cpand C, atd = d,, respectively.

d 4, Cy, and Cy, are defined in 3-3/11.5.3 TABLE 4.

b is the breadth of the tank, in m (ft), as defined in 3-3/11.5.3 FIGURE 11.
¢ and d  are as defined in 3-3/11.3.

All other parameters are as defined in 3-3/11.5.1.

11.5.3 Sloshing Loads for Assessing Strength of Structures at Tank Boundaries
11.5.3(a)

In assessing the strength of tank boundary supporting structures, the two combined load cases with
loading pattern shown in 3-3/11.5.3(c), with the specified sloshing loading conditions shown in
3-3/5.9.3 TABLE 2, are to be considered at least for two filling levels, = 0.7 and the one where is
maximized when performing a 3D structural analysis. When the tank is in the low-filling
resonance condition as defined in 3-3/11.5.2, an additional filling level, £ should be considered.
The sloshing pressure, and the average sloshing pressure head, may be obtained in accordance
with 3-3/11.5.1 using each filling level under consideration, in lieu of .

11.5.3(b)

In assessing the strength of plating and stiffeners at tank boundaries, local bending of the plating
and stiffeners with respect to the local sloshing pressures for structural members/elements is to be
considered, in addition to the nominal loadings specified for the 3D analysis in 3-3/11.5.3(a)
above. In this regard, should be taken as 1.15 instead of 1.0, shown in 3-3/11.5.3(a) above for the
combined load cases, to account for the maximum pressures due to possible non-uniform
distribution.
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TABLE 4

Definition of d,, Cy; and C,,

0.8<T/T, <12 0.8<T/T, <12 0.8>T/T, or T/T,> 1.2
and and and
0.8<T/T <12 0.8>T/T, or T/T,> 1.2 0.8<T/T <12
dy 0.2¢ or 0.2b, whichever is 0.2¢ 0.2
greater
C b C bs C bs 0
Co, Co, 0 Co,
where

T, T, and ¢ are as defined in 3-3/11.3.
b is the breadth of the tank in m (ft), as defined in 3-3/11.5.3 FIGURE 11.

Tp and T are as defined in 3-3/5.7.

FIGURE 11
Definition of Tank Geometry
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FIGURE 12
Vertical Distribution of Nominal Slosh Pressure Head, h,
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Vertical Distribution of Nominal Slosh Pressure Head, h, for Low-Filling
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FIGURE 14
Distribution of Nominal Slosh Pressure Head, h, on Tank Top

h, [W Transverse Distribution
'~
Longitudinal Distribution
—

Note: At the corner area of the tank top where the longimidinal and transverse extents
overlap (hatched portion (3> ), b is to be taken the greater value of /i_in either
direction.
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FIGURE 15
Horizontal Distribution of Simultaneous Slosh Pressure Heads, h_(¢.6,)
or ht (q)ses)
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Note: A, may be taken as zero for the deck and inner bottom

FIGURE 16A
Loading Patterns for Sloshing Loads Cases
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2/3 Full Draft 2/3 Full Draft
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FIGURE 16B
Loading Patterns for Sloshing Loads Cases

LCs-1 LCs-2
1/2 Design Draft 1/2 Design Draft

13 Sloshing Loads for Prismatic Independent Tanks

13.1 General
13.1.1

Except for tanks that are situated wholly within the double side or double bottom, the natural
periods of liquid motions and sloshing loads are to be examined in assessing the strength of
boundary structures for all cargo or ballast tanks which will be partially filled between 20% and
90% of tank capacity. The sloshing pressure heads given in this Subsection may be used for
determining the strength requirements for the tank structures. Alternatively, sloshing loads may be
calculated either by model experiments or numerical simulation using three-dimensional flow
analysis for unrestricted service conditions and for sea conditions of the specific site of operation.
Methodology and procedures of tests and measurements or analysis methods are to be fully
documented and submitted for review.

13.1.2

The effects of impulsive sloshing pressures on the design of the main supporting structures of tank
transverse and longitudinal bulkheads are subject to special consideration.

13.3 Strength Assessment of Tank Boundary Structures
13.3.1 Tank Length and Pitch Induced Sloshing Loads

Tanks of length 54 m (177 ft) or greater are to satisfy requirements of either of the preventative
measures given in 3-3/13.3.3 or 3-3/13.3.4. Where the tank has smooth surfaces, one or more
swash bulkheads are to be fitted. Structural reinforcement is to be provided to the tank ends, when
the calculated pressure is higher than the pressure, p, as specified in 3-4/13.

Tanks of length 54 m (177 ft) or greater that have ring webs are to have a partial non-tight
bulkhead (i.e. non-full depth swash bulkhead) to eliminate the possibility of resonance at all filling
levels. The partial non-tight bulkhead may be waived if it can be demonstrated through the
application of model experiments or numerical simulation using three-dimensional flow analysis
that sloshing impacts do not occur. The height of the swash bulkhead is to be determined on the
basis of calculation using three-dimensional flow analysis as described in 3-3/13.1.1.

Where the tank length is less than 54 m (177 ft), and if either of the preventative measures given

in 3-3/13.3.3 or 3-3/13.3.4 is not satisfied, the tank boundary structures are to be designed in
accordance with 3-4/13 to withstand the sloshing pressures specified in 3-3/13.5.
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13.3.2 Roll Induced Sloshing Loads

Tanks that do not satisfy either of the preventative measures given in 3-3/13.3.3 or 3-3/13.3.4,
with respect of roll resonance, are to have their tank boundary structures designed in accordance
with 3-4/13 to withstand the sloshing pressures specified in 3-3/13.5.

13.3.3

For long or wide cargo tanks, non-tight bulkheads or ring webs or both are to be designed and
fitted to eliminate the possibility of resonance at all filling levels.

Long tanks have length, £, exceeding 0.1L. Wide tanks have width, b, exceeding 0.65.

13.34

For each of the anticipated loading conditions, the “critical” filling levels of the tank should be
avoided so that the natural periods of fluid motions in the longitudinal and transverse directions
will not synchronize with the natural periods of the installation’s pitch and roll motions,
respectively. It is further recommended that the natural periods of the fluid motions in the tank, for
each of the anticipated filling levels, be at least 20% greater or smaller than that of the relevant
installation’s motion.

The natural period of the fluid motion, in seconds, may be approximated by the following

equations:

T, = (ﬁT{’e)l/z/k in the longitudinal direction

T, = (ﬁLbe)l/z/k in the transverse direction

where

£, = effective length of the tank, as defined in 3-3/13.5.1, in m (ft)
., = effective breadth of the tank, as defined in 3-3/13.5.1 in m (ft)

k== [(tanhHy)/ (4n/ 9)]'*

H, = mndy/t,ormndy,/b,

B ;. B, dpand d, are as defined in 3-3/13.5.1. The natural periods given in 3-3/5.7 for pitch and
roll of the installation, 7, and T, using the actual GM value, if available, may be used for this

purpose.

13.5 Sloshing Pressures
13.5.1 Nominal Sloshing Pressure

For cargo tanks with filling levels within the critical range specified in 3-3/13.3.2, the internal
pressures p,, including static and sloshing pressures, positive toward tank boundaries, may be
expressed in terms of equivalent liquid pressure head, %, as given below:

pis = kspgh, =0 in N/cm*(kgf/cm?, 1bf/in?)

where
k, = load factor as defined in 3-3/5.7.2(a)
h, =k, [h+h-h)y-d)(h-d)] fory>d,

= c,h, vk, h, for 0.15h <y <d, (c,h, need not exceed h)
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h ,calculated at y = 0.154 for y <0.15A, but £, should not be smaller than ¢,k

m “m*

¢ = coefficient in accordance with 3-3/11.5.3 FIGURE 15

h = static pressure head, taken as the vertical distance, in m (ft), measured from the filling
level, d , down to the point considered. d , the filling level for maximum 4, calculated
with Cy, and Cy, equal to 1.0, should not be taken less than 0.55A.

= filling level, in m (ft), as shown in 3-3/13.5.3 FIGURE 17
= load factor, and may be taken as unity unless otherwise specified.

= maximum average sloshing pressure heads, in m (ft), to be obtained from calculations
as specified below for at least two filling levels, 0.55/ and the one closest to the
resonant period of ship’s motions, between 0.2/ and 0.9%. i may be taken as constant
over the tank depth, / (See 3-3/13.5.3 FIGURE 17)

h, = sloshing pressure heads for upper bulkhead, in m (ft), to be obtained from calculation
below

h = depth of tank, in m (ft)

y = vertical distance, in m (ft), measured from the tank bottom to the point considered

p g is as defined in 3-3/5.7.2.

The values of /2, and &, may be obtained from the following equations:
he = k(Coshs + Coshp)/* inm (f)

he = k(Cpshis + Coshi)'/* inm (fr)

where
k., = correlation factor for combined load cases, and may be taken as unity unless otherwise
specified.
h# = q)es{)ect{’BT[O .018 + Cfi’(l .0—= df/H{’)/(bes] di’/Ht’ m(ft) for d)es
h b eesbeCtb,BL[O .016 + Cfb(1 0= db/Hb)/ees]db/Hb m(ft) for ees

C 4, and Gy, are the weighted coefficients as given in 3-3/11.5.3 FIGURE 15.
where

p ,represents 8 for transverse bulkheads and f3, represents 8 for the longitudinal bulkheads.

Ges =0.710

Bps = 0.710

The pitch amplitude ¢ and roll amplitude 8 are as defined in 3-3/5.7.1 with d, = 2/3d,

¢, = effective tank length that accounts for the effect of deep ring-web frames, in m (ft)
- Brt
b, = effective tank width that accounts for the effect of deep ring-web frames, in m (ft)
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- *2
Br~b
1.0 for tanks without deep ring webs,

0.25[4.0-(1-a’) - (1 - )] for a” to be determined at d,

g

B, " represents 8° for transverse bulkheads.

B, " represents 8 for longitudinal bulkheads.

B = BYB)B)

B ,represents f for transverse bulkheads.

B , represents f for longitudinal bulkheads.

B, = 1.0 for tanks without a swash bulkhead
= 025[40-(1-a)-(1-a)] for tanks with a swash bulkhead
g, = 10 for tanks without any deep bottom transverse
and deep bottom longitudinal girder
= 0.25[4.0 - dp,/h - (d,,/h)’] for tanks with deep bottom transverses
= 0.25[4.0-d, /h-(d, /h)] for tanks with deep bottom longitudinal girders
B, = 1.0 for boundary bulkheads that:
i) do not contain any deep horizontal girder; or
ii) do contain deep horizontal girders but with an opening ratio, a,, less than 0.2

or greater than 0.4

= 0.25[4.0-(1-a,)-(1-a,)] for bulkheads with deep horizontal girders having an
opening ratio, a , between 0.2 and 0.4

a = opening ratio (see 3-3/13.5.3 FIGURE 18)

For a,3-3/13.5.3 FIGURE 19, opening ratios of swash bulkheads, shall be used for all filling
levels considered. Also, 3-3/13.5.3 FIGURE 19, local opening ratio for d, = 0.74, bounded by the
range between 0.6/ and 0.94, shall be considered for openings within the range. The smaller of the
two opening ratios calculated, based on 3-3/13.5.3 FIGURE 19 and 3-3/13.5.3 FIGURE 19 for this
filling level, shall be used as the opening ratio.

For a*, 3-3/13.5.3 FIGURE 19, opening ratio of deep ring-webs, filling level d, shall be used.

For a, 3-3/13.5.3 FIGURE 19, opening ratio of a deep horizontal girder on a boundary bulkhead,
is applicable to a filling level just above the horizontal girder in the zones illustrated in the figure.
Not to be considered for d, = 0.7, unless a sizable girder is installed between 0.7/ and /. Also not
to be considered if opening area in the girder is less than 20% or greater than 40% of the area of
the girder (i.e., a = 1)

c, = 0.792[d /(B £)]" + 1.98
¢
C, = 0.704[d,/(B,b)]"*+ 1.76
C, = 09x,/[1+9(1-x)1>0.25
?
x = T/T

o x"Tp
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x, = x, ifx <1.0
1
= 1/, ifx >1.0
C,= 09y /1+9(1-y)]1>0.25
, = T /T Ifroll radius of gyration is not known, 0.39B may be used in the calculation of
r
y, = ¥, ify <1.0
1
= 1y, ify >1.0

T and T are as defined in 3-3/13.3.4.

Tp and T are as defined in 3-3/5.7.

d, = filling depth, in m (ft)
d, = d_-dp[l-02n+1)2]"k, -0.45d,k, and >0.0
d, = d_-d[l-0,m+1)2]"k, -0.45d,k,, and > 0.0
Hy, = h-dp[l-0Xn+1)2]"k, -0.45d,k,,
H, = h-d[l-0m+1)2]"k, -0.45d,k,
d, = height of deep bottom transverses measured from the tank bottom, (3-3/13.5.3
. FIGURE 20), in m (ft)
d, = Dbottom height of the lowest openings in non-tight transverse bulkhead measured above
5 the tank bottom or top of bottom transverses (3-3/13.5.3 FIGURE 20), in m (ft)
n = number of deep bottom transverses in the tank
d, = height of deep bottom longitudinal girders measured from the tank bottom (3-3/13.5.3
. FIGURE 20), in m (ft)
d, = bottom height of the lowest openings in non-tight longitudinal bulkhead measured
5 above the tank bottom, or top of bottom longitudinal girders (3-3/13.5.3 FIGURE 20),
in m (ft)
m = number of deep bottom longitudinal girders in the tank
kp = -1 ifd <d,,
1
= 1 ifd >d,,
kp = -1 ifd <d,,
2
= 1 ifd >d,,
k, = -1 ifd <d,
1
= 1 ifd >d,,
k, = -1 ifd <d,
2
= 1 ifd >d,,
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(4/m)(n+1)/[n(n+ 2)]cos[n/2(n + 1)]
(4/m)(m+ 1) /[m(m + 2)]cos[n/2(m + 1)]

Q
Il

Q
I

m

£ (b)) shall be used in place of £, (b,) for a filling level below the completely solid portion of the
nontight bulkhead, i.e., the region below the lowest opening, (3-3/13.5.3 FIGURE 20), where £
(b,) is taken as the distance bounded by the solid portion of the nontight bulkhead below the
lowest opening and the tight bulkhead. d,, H, and d,, H, need not consider the effect of d,, and
d,,, respectively.

hy = 0.0068B74,Chp((bes + 40) (Pes) m(ft)
Ry, = 0.00558;b,Cp(0,5 + 35)(0,5) /> m(ft)
where

C,and C,are C,and C, for &, = 0.70h; B’ and B’, correspond to B for d, = 0.7h; ¢, and 0
are as defined previously.

Cyp , and C;, are weighted coefficients, as given in 3-3/11.5.3 FIGURE 15.

shall not be less than 4,

h , shall not be less than hp; h,

h, £ sin(¢,)
h bsin (8,)

r

13.5.2 Sloshing Loads for Assessing Strength of Structures at Tank Boundaries
13.5.2(a)

In assessing the strength of tank boundary supporting structures, the two combined load cases with
loading pattern shown in 3-3/11.5.3(c), with the specified sloshing loads shown in 3-3/5.9.3
TABLE 2 for the respective side on which the horizontal girder is located, are to be considered
when performing a 3D structural analysis.

13.5.2(b)

In assessing the strength of plating and stiffeners at tank boundaries, local bending of the plating
and stiffeners with respect to the local sloshing pressures for structural members/elements is to be
considered in addition to the nominal loadings specified for the 3D analysis in 3-3/13.5.2(a)
above. In this regard, should be taken as 1.15 instead of 1.0, shown in 3-3/13.5.2(a) above for the
combined load cases, to account for the maximum pressures due to possible non-uniform
distribution.

13.5.3 Sloshing Loads Normal to the Web Plates of Horizontal and Vertical Girders

In addition to the sloshing loads acting on the bulkhead plating, the sloshing loads normal to the
web plates of horizontal and vertical girders are to be also considered for assessing the strength of
the girders. The magnitude of the normal sloshing loads may be approximated by taking 25% of 4,
or h, for k,= 1.0, whichever is greater, at the location considered.
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FIGURE 17
Vertical Distribution of Equivalent Slosh Pressure Head, h,

kh + //f’ f
[k (h-h)@-d )/ (h-d)]

"'\
\ i
h
Y
\
A
Y
h
h
h
1
d:'r.l "‘-. 'h? )
LY
h
Y
h
',
h
Y
Y
. I-.\'\
lkl.l'lr!e.’ ! Cﬂlhlﬂ "'\.
! Y
! \
| by
FIGURE 18
Definitions for Opening Ratio, a
o — Al+A7 N g = AL+A2+ A3
+ A2+ Al+ A2+ A3+
Al+A2+B 5 s Al+A2+A3+B
N N v
1 ._ 3 b -_
Y ) A3
Al A2 y
(N W e
(ar J (2 )
-B i -B >

B: wetted portion of swash bulkhead

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 123



Chapter 3  Structural Design Requirements
Section 3 Load Criteria

FIGURE 19
Opening Ratios
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FIGURE 20
Dimensions of Internal Structures

14 Thermal Loads for Prismatic Independent Tanks (7 September 2012)

14.1 General

Transient thermally induced loads during cooling down periods should be considered for tanks intended for
cargo temperatures below —55°C. Stationary thermally induced loads should be considered for cargo
containment systems where design supporting arrangements or attachments and operating temperature may
give rise to thermal stresses. Using the finite element model for calculating structural response, as specified
in 3-5/9, thermal stress analysis of a cargo tank is to be carried out to confirm the structural adequacy with
respect to yielding and buckling under initial cooling down condition, partial load conditions and full load
condition (98% filling).

14.3 Thermal Loading Conditions
Thermal loadings in the form of temperature distributions are to be specified in the tank structure for at
least the following conditions:

14.3.1 Initial Cooling Down
Thermal load and minimum design vapor pressure are to be applied.

14.3.2 Partial Loadings

Thermal loads, static cargo pressure and minimum design vapor pressure representing partial
loading conditions with filling level up to each stringer level of the tank are to be applied.
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14.5

15

15.1

14.3.3 Full load

Thermal loads, static cargo pressure and minimum design vapor pressure for full condition (98%
filling level) are to be applied.

The interaction of hull and tank structure in way of supports and chocks are to be included in all loading
conditions.

Allowable Stresses

The cargo tank stresses for the thermal loading conditions are not to exceed 70% of the yield strength of
the cargo tank material.

The buckling stress of all plate panels of the cargo tank is to satisfy the plate buckling requirements in 3-
A2/3.

Impact Loads

Impact Loads on Bow

For floating liquefied gas terminals possessing significant bowflare or with a heavy ballast draft forward
less than 0.04L, the bowflare and/or bottom slamming loads are to be considered for assessing the strength
of the side and bottom plating and associated stiffening system in the forebody region.

15.1.1 Bow Pressure

When experimental data or direct calculations are not available, nominal wave-induced bow
pressures above LWL in the region from the forward end to the collision bulkhead may be
obtained from the following equation.

Pyij = kCiCijVisiny;; KN/ (tfm?, Lt/fY)

where
k = 1.025 (0.1045, 0.000888)
Cy T 1+ 6052[90(F3i — 2aij)/FBi]1/2
Vy ~  10w;sing;; + a)z(,BWHTL)l/Z
 , = 0.515(1.68) for m (ft)
o, = 1.0(1.8)
B yur =  ESF for wave height as defined in Chapter 3, Appendix 3
Yy = local bow angle measured from the horizontal, not to be taken less than 50°
= tan_l(tanﬁij/cosaij)
a, = local waterline angle measured from the centerline, see 3-3/15.1.1 FIGURE 21, not
to be taken less than 35°
B = local body plan angle measured from the horizontal, see 3-3/15.1.1 FIGURE 21, not
to be taken less than 35°
F, = freeboard from the highest deck at side to the load waterline (LWL) at station i, see
’ 3-3/15.1.1 FIGURE 21
; = vertical distance from the LWL to WLj, see 3-3/15.1.1 FIGURE 21
C, = 07 at collision bulkhead and 0.9 at 0.0125L, linear interpolation for in

between
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= 09 between 0.0125L and FP
= 1.0 at and forward of FP
ij =  station and waterline, to be taken to correspond to the locations as required by 3-6/3

FIGURE 21
Definition of Bow Geometry

[ a,
¥

waterlme angsls

15.3 Bottom Slamming

(1 September 2012) For floating liquefied gas terminals with heavy ballast draft forward less than 0.04L,
bottom slamming loads are to be considered for assessing strength of the flat bottom plating forward and
the associated stiffening system in the fore body region.

15.3.1 Bottom Slamming Pressure

The equivalent bottom slamming pressure for strength formulation and assessment should be
determined based on well documented experimental data or analytical studies. When these direct
calculations are not available, nominal bottom slamming pressures may be determined by the
following equations:

psi = kk;[v: + MyEp;] Ef  KN/m*(tf/m?’, Ltf/ft?)

where

p, = equivalent bottom slamming pressure for section i

k= 1.025(0.1045, 0.000888)

k, = 22b/d+a<40

b* = half width of flat bottom at the i-th terminal station, see 3-3/15.3.1 FIGURE 22
d, = '/, ofthe section draft at the heavy ballast condition, see 3-3/15.3.1 FIGURE 22
a = aconstant as given in 3-3/15.3.1 TABLE 5
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Ef — f1 w . (L)1/2
f, 0.004 (0.0022) for m (ft)

where b represents the half breadth at the '/, draft of the section, see 3-3/15.3.1 FIGURE 22.
Linear interpolation may be used for intermediate values.

v, = ¢, (L) m/s (ft/s)

c, = 0.29(0.525)

L = scantling length of floating terminal in m (ft), as defined in 3-1-1/3.1 of the Marine
Vessel Rules

M, = 139148,,, L/C)" for L in meters

= 826648, (L/IC)" for L in feet

B« =  ESF for relative vertical motion as defined in Chapter 3, Appendix 3. Transit and
on-site 8, to be considered

M, = B.M,

A4 ;and B, are as given in 3-3/15.5.1 TABLE 6.

G = e[(_VgMVidiz MRi)]

d, = local section draft, in m (ft)

E . = natural log of n,

n, = 5730(M,/M,)"”G,,ifn <1thenp,=0

o, = natural angular frequency of the hull girder 2-node vertical vibration of the vessel in

the wet mode and the heavy ballast draft condition, in rad/second. If not known, the
following equation may be used.

= uBD}/(UCLH Y +¢,>3.7

L= 23400 (7475, 4094)

A4, = Ap[1.2+ B/(3dp)]

A4, = vessel’s displacement at the heavy ballast condition, in kN (tf, Ltf)
d, = mean draft of vessel at the heavy ballast condition, in m (ft)

¢, = 1.0 for heavy ballast draft

L, B and D are as defined in Section 3-1-1 of the Marine Vessel Rules.

C , is the floating terminal’s block coefficient as defined in 3-2-1/3.5 of the Marine Vessel Rules.

TABLE 5
Values of o
b/d, a b/d, a
1.00 0.00 4.00 20.25
1.50 9.00 5.00 22.00
2.00 11.75 6.00 23.75
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b/d, a b/d, a
2.50 14.25 7.00 24.50
3.00 16.50 7.50 24.75
3.50 18.50 25.0 24.75

FIGURE 22
Distribution of Bottom Slamming Pressure Along the Section Girth

centerline

. b* . d, (1110 draft)

15.5 Bowflare Slamming

For vessels possessing bowflare and having a shape parameter 4, greater than 21 m (68.9 ft), in the
forebody region, bowflare slamming loads are to be considered for assessing the strength of the side
plating and the associated stiffening system in the forebody region of the vessel at its scantling draft.

A, = maximum value of 4 , in the forebody region

A, =  bowflare shape parameter at a station i forward of the quarter length, up to the FP of the vessel,
to be determined between the load waterline (LWL) and the upper deck/ forecastle as follows:
(b/HY h[1+ (sj/bj)2]”2,j =1,n,n>3

where

n = number of segments

b, = Zb

H = I

J
b, = local change (increase) in beam for the j-th segment at station i (see 3-3/15.5.2 FIGURE 23)
s, = local change (increase) in freeboard up to the highest deck for the j-th segment at station

forward (see 3-3/15.5.2 FIGURE 23)

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 129



Chapter 3  Structural Design Requirements
Section 3 Load Criteria

15.5.1 Nominal Bowflare Slamming

When experimental data or direct calculation is not available, nominal bowflare slamming
pressures may be determined by the following equations:

Pij = Poij OF Pbij as defined below, whichever is greater

Poij = k1(OMp; — hEM % KN/m? (tfm?, Lif/f)

Ppj = kak3[Cy + K;jMy;(1 + Enp)]  kN/m’ (tf/m’, Ltf/ft’)

where
k = 9.807 (1, 0.0278)
M, = 139148, (L/C)"* forLinmeters, if M, <h’ then P, =0
= 82664, (L/IC)"” forLin feet, if 9M,, <h? then P, =0
4, = coefficient as given in 3-3/15.5.1 TABLE 6.
B« =  ESF forrelative vertical motion as defined in Chapter 3, Appendix 3
L = distance in meters (feet) on the summer load line from the fore side of the stem to
the centerline of the rudder stock. For use with the Marine Vessel Rules, L is not to
be less than 96% and need not be greater than 97% of the length on the summer
load line. The forward end of L is to coincide with the fore side of the stem on the
waterline on which L is measured.
c, = block coefficient, as defined in 3-1-1/11.3 of the Marine Vessel Rules, but is not to
be taken less than 0.6
h = vertical distance measured from the load waterline (LWVL) at station i to WL on the
bowflare. The value of 4, is not to be taken less than h,. P, at a location between
LWL and h,” above LWL need not be taken greater than p”, .
h,” = 0.005(L-130)+ 3.0 (m) for L <230 m
= 0.005(L - 426.4) + 9.84 (ft) for L <754 ft
= 7.143 x 10°%(L - 230) + 3.5 (m) for 230 m< L <300 m
= 7.143 x 10°%(L - 754.4) + 11.48 (ft) for 754 ft <L <984 ft
= 4.0m(13.12 ft) for L >300 m (984 ft)
Py =
P, = P,.ath above LWL
B’; = normal local body plan angle as shown in 3-3/15.1.1 FIGURE 21, in degrees
= tan'[tan(B,)/cos(a,)]
B". = P ’,ath, above LWL
B = local body plan angle measured from the horizontal, in degrees, need not be taken
less than 75°, see 3-3/15.5.2 FIGURE 23
i = waterline angle as in 3-3/Figure 21
k, = 1.025 (0.1045, 0.000888)
; = 1 for h, <h,’
= L+(h/h, -1y forh,"<h,<2h,
= 2 for h,>2 h,’
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C, = 39.2(422.46) for m (ft)

K, = [, [r/(bb;+0.5h)1" [£,/r] [1.09 +0.029V - 0.47C,}’

fy = [90/8°, - 1T [tan*(B ", )/9.86] cos y

y = stem angle at the centerline measured from the horizontal, 3-3/15.5.2 FIGURE 24,
in degrees, not to be taken greater than 75°

Foo= (My)"”

bb, = b,-b,>2.0(6.56) m (ft)

b, = local half beam of location j at station i

b,, = local waterline half beam at station i

t, = longitudinal distance of WL, at station / measured from amidships

M, = B/M,

B, = coefficient as given in 3-3/Table 6

E ., = natural log of n,

n, = 5730(M,/M,)"” G,=1.0

i e(_hizj/ MRi)
TABLE 6
Values of A, and B;
4, B,
-0.05L 1.25 0.3600
FP 1.00 0.4000

0.05L 0.80 0.4375
0.10L 0.62 0.4838
0.15L 0.47 0.5532
0.20L 0.33 0.6666
0.25L 0.22 0.8182
0.30L 0.22 0.8182

* Linear interpolation may be used for intermediate values.

15.5.2 Simultaneous Bowflare Slamming Pressure

For performing structural analyses to determine overall responses of the hull structures, the spatial
distribution of instantaneous bowflare slamming pressures on the fore body region of the hull may
be expressed by multiplying the calculated maximum bowflare slamming pressures, p,, at forward
vessel stations by a factor of 0.71 for the region between the stem and 0.3L from the FP.
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FIGURE 23
Definition of Bowflare Geometry for Bowflare Shape Parameter

highest deck b,

— —____'__'__'_ ,55"
T (body plan angle)

LWL B

centerline

FIGURE 24
Stem Angle, y

FP.

\ Stem Angle y
AV
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15.7 Green Water on Deck

When experimental data or direct calculations are not available, nominal green water pressure imposed on
deck along the terminal’s length, including the extension beyond the FP, may be obtained from the
following equations.

Py = K{[BrvmAi(B/L)*/Cy) = kyFp} KN/ (tf/m?, Ltf/fY)

where
P, = green water pressure, uniformly distributed across the deck at specified longitudinal section
i along the terminal’s length under consideration (see 3-3/15.7 TABLE 7 below). Pressure
in between is obtained by linear interpolation. P, is not to be taken less than 20.6 kN/m?
(2.1 tf/m?, 0.192 LY/ft?).
K = 10.052 (1.025, 0.09372)
k, = 1.0 (3.28) for m (ft)
4, = asshownin 3-3/15.7 TABLE 7
B =  ESF factor of relative vertical motion, as defined in Chapter 3, Appendix 3 Transit and on-
site 8,,,, to be considered.
c, = as defined in 3-2-1/3.5 of the Marine Vessel Rules
L = scantling length of floating terminal, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel
Rules
B =  greatest molded breath of floating terminal, in m (ft), as defined in 3-1-1/5 of the Marine
Vessel Rules
F, =  freeboard from the highest deck at side to the load waterline (LWL) at station 7, in m (ft),
' see 3-3/15.1.1 FIGURE 21
TABLE 7
Values of A,
Section i from F.P 4,
-0.05L 233
0 20.7
0.05L 18.2
0.10L 16.1
0.15L 14.7
0.20L 14.3
0.25L 14.2
0.30L 14.1
0.35L 14
0.40L 14
0.45L 14
0.50L 14
0.55L 14
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Section i from F.P. A,
0.60L 14
0.65L 14
0.70L 14
0.75L 14.2
0.80L 14.2
0.85L 14.2
0.90L 14.7
0.95L 17.1
1.00L 19.9
17 Deck Loads
17.1  General
For the design and evaluation of deck structures, the following loads due to on deck production facilities
are to be considered:
i) Static weight of on deck production facilities in upright condition
ii) Dynamic loads due to vessel motions
iii) Wind load
17.3 Loads for On-Site Operation

The nominal forces from each individual deck production module at the center of gravity of the module
can be obtained from the following equations:

Fy, = W[cos(0.71C¢dp)cos(0.71C0) + 0.71cya,/ g]

F; = W]sin(0.71C¢0) + 0.71cra;/ gl + kiFving
Fp=W[—sin(0.71Cy}) + 0.71crap/ gl + koF ying
where

¢ and 0 are the pitch and roll amplitudes defined in 3-3/5.7.1.
¢, in degrees, need not to be taken more than 10 degrees.

0 , in degrees, need not to be taken more than 30 degrees.

a ,,a, and a, are the vertical, transverse and longitudinal accelerations, as specified in 3-3/5.7.1 for
heading angles p in 3-3/17.3 TABLE 8§

Note:

The accelerations specified in 3-3/5.7.1 are to be considered preliminary values and may be used only when values from
model tests or vessel motion calculations are not yet available. The final design forces from deck production modules are to
be calculated using acceleration values obtained from model test data or vessel motions calculations for the site location.
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F, = vertical load from each production module, positive downward
F, = transverse load from each production module, positive starboard
F, = longitudinal load from each production module, positive forward
w = weight of the production module, in kN (tf, Ltf)

17.5

17.7
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ind = k4,,C C,V* =wind force, in kN (tf, Ltf)

Two combinations of wave-induced and wind forces are to be considered:
F , F, with factor k£, = 1 and F, with factor k, = 0
F, F, with factor k, = 0 and F’, with factor k, = 1

The deck load is to be obtained for the maximum weight of on deck production facilities for head sea
(Load Case A), beam sea (Load Case B) and oblique sea (Load Case C) listed in 3-3/17.3 TABLE 8, where
the correlation factors ¢, ¢;, ¢;, Cy, and Cy for each load case are also shown.

TABLE 8
Correlation Factors ¢, ¢, ¢, C;, and C,
Load Case LC A (head sea) LC B (beam sea) LC C (oblique)
¢, 0.8 0.4 0.7
¢, 0.6 0 0.7
cr 0 0.9 0.7
Co 1 0 -0.7
Co 0 1 0.7
Wave heading angle u in 0 90 60
deg.
where
Vi = wind velocity based on 1-hour average speed
A4, .. = projected area of windage on a plane normal to the direction of the wind, in m? (ft?)
C, = shape coefficient, defined in Section 3-2-4 of the FPI Rules
c, = height coefficient, defined in Section 3-2-4 of the F'PI Rules for 1-hour average wind

The forces from each deck production module can be obtained based on long-term prediction for the
realistic sea states of the specific site of operation. In no case are the forces I, I, and F, to be less than
those obtained using the values of Environmental Severity Factors (ESFs) established from 3-A3/3.

Loads in Transit Condition

Nominal loads of the production facility modules on deck during transit condition can be obtained from the
equations in item 3-3/17.3, above. Alternatively, corresponding forces can be calculated based on the sea
condition for the specific voyage.

Temperature Loads

Transient thermal loads during cooling down periods are to be considered for cargo tanks intended for
cargo temperatures below -55°C.
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Stationary thermal loads are to be considered for tanks where design supporting arrangement and operating
temperature may give rise to significant thermal stresses.
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CHAPTER 3
Structural Design Requirements

SECTION 4
Initial Scantling Criteria

General

Strength Requirement

This Section specifies the minimum strength requirements for the hull structure with respect to the
determination of initial scantlings, including the hull girder, shell and bulkhead plating, longitudinals/
stiffeners and main supporting members. Once the minimum scantlings are determined, the strength of the
resulting design is to be assessed in accordance with Chapter 3, Section 5. The assessment is to be carried
out by means of an appropriate structural analysis as per 3-5/9, in order to establish compliance with the
failure criteria in 3-5/3. Structural details are to comply with 3-4/1.5.

The requirements for hull girder strength are specified in 3-4/3. The required scantlings of the double
bottom structure, the side shell and deck, and the longitudinal and transverse bulkheads are specified in
3-4/7 through 3-4/15. The required scantlings of the supporting hull structure of the tanks such as inner
bottom, inner deck, inner longitudinal and transverse bulkhead structures are also designed using the IGC
based internal pressures. These pressures can be obtained using appropriate ESF § factors as specified in
3-3/5.9. For hull structures beyond 0.4 amidships the initial scantlings are determined in accordance with
Chapter 3, Section 6.

Calculation of Load Effects

Equations giving approximate requirements are given in 3-4/7 through 3-4/15 for calculating the design
bending moments and shear forces for main supporting members. These local load effects may be
determined from a 3D structural analysis at the early design stages, as outlined in 3-5/9 for the additional
IGC load cases specified in 3-3/9. In this regard, the detailed analysis results are to be submitted for
review.

Structural Details

The strength criteria specified in this Section and Chapter 3, Section 6 are based on assumptions that all
structural joints and welded details are properly designed and fabricated and 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 should be closely examined during the design of
highly stressed regions. In this evaluation, failure criteria specified in 3-5/3 may be used to assess the
adequacy of structural details.
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1.7

3.1

3.3

3.5

Evaluation of Grouped Stiffeners

Where several members in a group with some variation in requirement are selected as equal, the section
modulus requirement may be taken as the average of each individual requirement in the group. However,
the section modulus requirement for the group is not to be taken less than 90% of the largest section
modulus required for individual stiffeners within the group. Sequentially positioned stiffeners of equal
scantlings may be considered a group.

Hull Girder Strength

The longitudinal strength is to be based on Section 3-2-1 of the Marine Vessel Rules with modifications as
indicated below for terminals classed with (S) notation.

Still-water Loads

Still-water bending moment and shear force calculations for all anticipated loading conditions during on-
site and in-transit operation are to be submitted together with the distribution of light weights.

The influence of mooring equipment, riser weights and topside loads on the still-water bending moments
and shear forces is to be taken into consideration in these calculations.

Wave Induced Loads
3.3.1 Direct Calculation

Wave-induced bending moments and shear forces may be determined from Section 3-2-3 of the
FPI Rules for the on-site and transit conditions, respectively, subject to the minimum as specified
below.

3.3.2 Environmental Severity Factor (ESF) Approach

In lieu of direct calculation, where a floating terminal is sited at a location with dynamic load
components that are less than those arising from unrestricted service conditions of a seagoing
wave-induced bending moments and shear forces in on-site condition may be calculated by the
Environmental Severity Factor (ESF) approach, as described in 3-3/1 and Chapter 3, Appendix 3.
This approach can be applied to modify the wave-induced hull girder bending moment and shear
force formulas for unrestricted service, as specified in 3-3/5.

Hull Girder Section Modulus
3.5.1 Section Modulus (1 June 2014)

The required hull girder section modulus for 0.4L amidships is to be the greater of the values
obtained from the following equation or the minimum section modulus SM,,,;,, in 3-4/3.5.2:

SM = M,/f, cm?—m (in® — ft)

where

M, = total bending moment, as described below

fp = nominal permissible bending stress within 0.4L amidships

= 17.5 kN/em? (1.784 tf/cm?, 11.33 Ltf/in?)
= nominal permissible bending stress forward of 0.9L from A.P. and aft of 0.1L from A.P.
= 12.5 kN/em? (1.274 tf/cm?, 8.09 Ltf/in?)

Linear interpolation is to be used for the intermediate location.
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3.7

3.5.2

3.5.3

3.54

3.5.5

The total bending moment, M, is to be considered as the maximum algebraic sum of the maximum
still-water bending moment (M,,,) for operation on site or in transit combined with the
corresponding wave-induced bending moment (M,,) expected on-site and during transit to the

terminal site. In lieu of directly calculated wave-induced hull girder vertical bending moments and
shear forces, recourse can be made to the use of the Environmental Severity Factor (ESF)
approach, which can be applied to modify the Marine Vessel Rules wave-induced hull girder
bending moment and shear force formulas (see 3-3/5 of this Guide).

Minimum Section Modulus
Depending on the value of the Environmental Severity Factor, B, for vertical wave-induced hull

girder bending moment (see Chapter 3, Appendix 3 of this Guide), the minimum hull girder
section modulus SM,,,;,, of the floating terminal, as specified in 3-2-1/3.7.1(b) of the Marine Vessel

Rules, may vary in accordance with the following:

Bvbm SMinin

<0.7 0.85SM

0.7t0 1.0 (0.5 + Bobm/ 2)SMumyr

>1.0 SMnvr

Where SM;,1,,- = minimum hull girder section modulus as required in 3-2-1/3.7.1(b) of the Marine Vessel Rules

Effective Longitudinal Members

The hull girder section modulus calculation is to be carried out in accordance with 3-2-1/9 of the
Marine Vessel Rules, as modified below. To suit the strength criteria based on a “net” scantling
concept, the nominal design corrosion values specified in 3-2/Table 1 are to be deducted in
calculating the net section modulus, SM,,.

Extent of Midship Scantlings

The items included in the hull girder section modulus amidships are to be extended as necessary to
meet the hull girder section modulus required at the location being considered. The required hull
girder section modulus can be obtained as M;/f, at the location being considered except if

(M) max/ fp is less than SM,y,;, in 3-4/3.5.2. In this case, the required section modulus is to be
obtained by multiplying SM,,;,, by the ratio of My;/(M;)pq, Where M, is the total bending
moment at the location under consideration and (M), is the maximum total bending moment
amidships.

Membrane Strain Control

The containment system manufacturer may have explicit limits on hull girder stress that may
control the minimum required hull girder section modulus. These limits are to be met in the design
of the hull structure.

Hull Girder Moment of Inertia
The hull girder moment of inertia, I, amidships, is to be not less than:

I=L-SM/33.3 cm? — m? (in? — ft%)

where
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L = length of floating terminal, as defined in 3-1-1/3.1 of the Marine Vessel Rules, in m (ft)
SM = required hull girder section modulus, in cm*-m (in*-ft). See 3-4/3.5.

3.9 Hull Girder Ultimate Strength

3.1

3.13

5.1

In addition to the strength requirements specified in 3-4/3.5, the vertical hull girder ultimate strength for
either hogging or sagging conditions for the floating liquefied gas terminal design environmental condition
(DEC) is to satisfy the limit state as specified below. It need only be applied within the 0.4L amidships
region.

YSMS + YW:BVBMMW < Mu/Yu

where
M = permissible still-water bending moment, in kN-m (tf-m, Ltf-ft)
M, = vertical wave-induced bending moment in accordance with 3-3/5.1.1, in kN-m (tf-m,
Ltf-ft)
M, = hull girder ultimate strength, which may be determined from the equations as given in
Chapter 3, Appendix 4, in kKN-m (tf-m, Ltf-ft)
Bvem =  ESF for vertical wave-induced bending moment for DEC
Ys = load factor for the maximum permissible still-water bending moment, but not to be
taken as less than 1.0
Yw = load factor for the wave-induced bending moment, but not to be taken as less than
below for the given limits
= 13 for Mg < 0.2M;or My > 0.5M;
= 1.2 for0.2M, < My < 0.5M;
M, = total bending moment, in kN-m (tf-m, Ltf-ft)
= M+ BypuM,
Yu = safety factor for the vertical hull girder bending capacity, but not to be taken as less
than 1.15

Minimum Scantlings for ESF Approach

When applying the ESF approach in the calculation of a required scantling, the scantling is not to be less
than 85% of the scantling determined by the Marine Vessel Rules for unrestricted service.

Loading Manual

A loading manual based on still-water conditions is to be prepared and submitted for review. See 2-1/15 of
this Guide for general requirements pertaining to the makeup and issuance of the loading guidance with
respect to hull girder strength. A loading instrument is also required.

Shearing Strength

General
The net thickness of the side shell t; and the net thickness of the longitudinal bulkhead plating ¢;, is to be
determined based on the total vertical shear force F;, and the permissible shear stress f, given below:

t=kFm/If; mm(in.)
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where
t =ty or t; asappropriate (see also 3-4/5.3 and 3-4/5.5)
k = 10.0(10.0, 1.0)
F = F Dy or (F;+ R;)D;inkN (tf, Ltf)
Ft = FS + ﬁVSFFW kN (tf, Ltf)
m = first moment of the “net” hull girder section, in cm?® (in®), about the neutral axis, of the area

between the vertical level at which the shear stress is being determined and the vertical
extremity of the section under consideration

I = moment of inertia of the “net” hull girder section at the position considered, in cm* (in*)
fs = 11.96/Q kN/cm?(1.220/Q tf/cm?%7.741/Q Ltf/in?) atsea
= 10.87/Q kN/cm?(1.114/Q tf/cm?%7.065/Q Ltf/in?) in port
Q = material conversion factor
= 10 for ordinary strength steel
= 0.78 for H32 strength steel
= 0.72 for H36 strength steel
= 0.68 for H40 strength steel

Fg = still-water shear force based on the still-water shear force envelope curve for all anticipated
loading conditions in accordance with 3-2-1/3.3 of the Marine Vessel Rules, at location
considered, in kN (tf, Ltf).

Fy = vertical wave shear force, in kN (tf, Ltf), as given in 3-3/5.1.3. Fy;, for in-port condition
may be taken as zero.

Bvseg =  ESF for vertical shear force, as defined in Chapter 3, Appendix 3

Dy = shear distribution factor for the side shell

D; = shear distribution factor for the longitudinal bulkheads, where i is defined below:

i = ob for outer longitudinal bulkhead (inner skin)

= cb for cofferdam longitudinal bulkhead

D, and D,, may be obtained from the equations in 3-4/5.3 and 3-4/5.5 when a direct calculation is not

available to determine the shear distribution between side shell and outer longitudinal bulkhead and where
the outer longitudinal bulkhead is located no further than 0.075B from the side shell.

For the purpose of calculating the required thickness for hull girder shear, the sign of F; may be
disregarded unless algebraic sum with other shear forces, such as local load components, is appropriate.

The nominal design corrosion values given in 3-2/Table 1 for the side shell and longitudinal bulkhead
plating are to be added to the “net” thickness.

5.3 Net Thickness of Side Shell Plating
ts=k F.Dg m/If; mm(in.)

where
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D, = shear distribution factor for side shell, as defined in 3-4/5.3.1 or 3-4/5.3.2 below.
Fy, m, k, I and f are as defined in 3-4/5.1 above.

5.3.1 Shear Distribution Factor for Floating Terminals with Two Outer Longitudinal
Bulkheads (inner skin only)

D;=0.384—0.167 A,,/A;—0.190 bs/B

where
A,, = total projected area of the net outer longitudinal bulkhead (inner skin) plating above
inner bottom (one side), in cm? (in?)
A, = total projected area of the net side shell plating (one side), in cm? (in%)
b, = distance between outer longitudinal bulkhead (inner skin) and side shell, in m (ft)
B = breadth of the vessel, in m (ft), as defined in 3-1-1/5 of the Marine Vessel Rules

5.3.2 Shear Distribution Factor for Floating Terminals with Two Outer and Two Cofferdam
Longitudinal Bulkheads

Dy=0.330—-0.218 A,,/A;— 0.043bs/B

where A, A, bg and B are as defined in 3-4/5.3.1 above.

5.5 Net Thickness of Longitudinal Bulkheads
ti=k(Fe+R)Dm/Ifg mm (in.)

where
D; = shear distribution factor for longitudinal bulkhead
R; = local load correction
i = ob for outer longitudinal bulkhead (inner skin)

= cb for cofferdam longitudinal bulkhead
Fi,m, k, I, and f are as defined in 3-4/5.1 above.

The other parameters, depending on the tank configuration of the floating terminal, center tank or two
tanks abreast, are defined in 3-4/5.5.1 and 3-4/5.5.2 below.

5.5.1 Floating Terminals with Two Outer Longitudinal Bulkheads (Inner Skin Only)
The net thickness of the outer longitudinal bulkhead plating at the position considered:

top = kFDypym/If; mm(in.)
where

D, = 0.116+0.1674,,/A;+0.190b,/B

As Aop bg, B, Ft, I, k,m and f are defined above.
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5.5.2 Floating Terminals with Two Outer and Two Cofferdam Longitudinal Bulkheads

5.5.2(a) The net thickness of the cofferdam longitudinal bulkhead plating at the position
considered:

tip = k(F¢ + Rep)Depym /Ifg mm  (in.)

where
Ry = W[(2Nyepkep! /3HepDepm) — 1] 2 0
W, = local load, in kN (tf, Ltf), calculated according to 3-4/5.7 and 3-4/Figure 1B, for
membrane tank containment system
= 0.0 for independent tank containment system
Ny, = local load distribution factor for the cofferdam longitudinal bulkhead
= (0.66D.,+0.25) (n—1)/n
n = total number of transverse frame spaces in the center tank
k.p = 1+4+A*p/Ap<1.9
A*., = total area of the net cofferdam longitudinal bulkhead plating above the lower edge
of the strake under consideration, in cm? (in%)
Agp = total projected area of the net cofferdam longitudinal bulkhead plating in cm? (in?)
H., = depth of the cofferdam longitudinal bulkhead above inner bottom, in cm (in.)
Dy = 0.064+4+0.0934.,/A45+ 0.0544,,/As—0.159b,/B

All other parameters are as defined in 3-4/5.3.

5.5.2(b) The net thickness of the outer longitudinal bulkhead plating at the position considered:
top = Fr Dopym/Ifs cm(in.)

where

D,, = 0.106—0.0934,,/A;+ 0.164A4,,/As+0.202,,/B

All other parameters are as defined in 3-4/5.3 and 3-4/5.5.

5.7 Calculation of Local Loads

In determining the shear forces at the ends of cargo tanks, the local loads are to be calculated as shown in
the following example. The tank arrangement for this example is as shown in 3-4/Figure 1B. The ballast
tanks within double bottom and double side are to be considered as being empty in calculating excess
liquid head.

5.7.1 Floating Terminals with Two Outer and Two Cofferdam Longitudinal Bulkheads (7
September 2012)

Local load W, may be denoted by W.(f) and W .(a) at the fore and aft ends of the cargo tank,
respectively, in kN (tf, Ltf ).

W (f) =W(a) = pgbert[H:+0.71Byac(ay/g)He + 0.478sin(Bpyod) — 0. 55(P0/P)df
+0.2(po/p)C1] 2 0
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but need not be taken greater than pgb 1€ .H,

where
Jo)e] = Specific weight of the liquid, not to be taken less than 4.9 kN/m* (0.5 tf/m?, 0.0139
Ltf/ft)
pog = specific weight of sea water, 10.05 kN/m’ (1.025 tf/m’, 0.0286 Ltf/ft’)
f.b.y = length and breadth, respectively, of the cargo tanks, in m (ft), as shown in 3-4/Figure
1B
H, = liquid head in the cargo tank, in m (ft)
a, = vertical acceleration amidships with a wave heading angle of 0 degrees, in m/sec?
(ft/sec?), as defined in 3-3/5.7.1(c)
g = acceleration of gravity = 9.8 m/sec? (32.2 ft/sec?)
[0) = pitch amplitude in degrees, as defined in 3-3/5.7.1(a)
ds = draft, as defined in 3-1-1/9 of the Marine Vessel Rules, in m (ft)
Cq = as defined in 3-3/5.1.1
Bvac =  ESF for vertical acceleration, as defined in Chapter 3, Appendix 3
Bpmo =  ESF for pitch motion, as defined in Chapter 3, Appendix 3

For locations away from the ends of the tanks, R, and R;;, may be determined using the calculated
values of W, at the locations considered.

5.9  Application of 3D FEM (1 June 2014)

The distribution of the total shear stresses in the side shell and longitudinal bulkhead/inner skin bulkhead
plating (net thickness) may be calculated using a 3D FEM structural analysis to check the shear strength
for all the anticipated loading conditions.
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FIGURE 1A
Definition of b, and Extent for Calculating 4,, and A, - Single Center Cargo
Tank
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FIGURE 1B

Definition of b, and Extent for Calculating 4;, and A, - Two Tanks Abreast
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Double Bottom Structures

General
711

Arrangement (1 September 2012)

The arrangement of double bottom girders, floors, stiffening systems and access openings are to
be in compliance with Section 3-2-4 of the Marine Vessel Rules. In Section 3-2-4 of the Marine
Vessel Rules, the maximum spacing of solid floors is stated as 3.66 m (12 ft). For FLGTs the
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spacing of solid floors in the cargo area is not limited to 3.66 m (12 ft), provided the structure is
proven to be adequate by the ISE and TSA analyses. For FLGTs with independent tanks the
spacing of the solid floors must be adequate for the proper transfer of loads from the cargo tank
supports. For FLGTs with membrane tanks the spacing of the solid floors is to be adequate to
prevent the deflection of the plate panels on which the membrane insulation systems are installed
from exceeding the maximum allowable deflection as per 3-5/5.1.1 of this Guide. Centerline and
side girders are to be fitted as necessary to provide sufficient stiffness and strength for docking
loads as well as those specified in Chapter 3, Section 3 of this Guide.

7.1.2 Keel Plate - Net Thickness

The net thickness of the flat plate keel is to be not less than 1.5 mm (0.06 in.) greater than the net
thickness required at that location for bottom shell plating (see 3-4/7.3.1). Where the submitted
docking plan (see 3-1-2/11 of the Marine Vessel Rules) specifies that all docking blocks be
arranged away from the keel, the 1.5 mm (0.06 in.) increase in net thickness is not required.

7.1.3 Bottom Shell Plating - Definition

The term “bottom shell plating” refers to the bottom plating from the keel to the upper turn of the
bilge extending over 0.4L amidships.

7.1.4 Bilge Longitudinals

Longitudinals around the bilge are to be graded in size from that required for the lowest side
longitudinal to that required for the bottom longitudinals. Where longitudinals are omitted in way
of the bilge, the bottom and side longitudinals are to be arranged so that the distance between the
nearest longitudinal and the turn of the bilge is not more than 0.4s (s is the spacing of bottom
(Sp) or side (S5) longitudinals), as applicable (see 3-4/Figure 2).

FIGURE 2
: .
R | R End
; b < 5(2/5)
s, 15s,||a
3 ass,9)

7.3 Bottom Shell and Inner Bottom Plating

The thickness of the bottom shell and inner bottom plating, over the midship 0.4L, is to satisfy the hull
girder section modulus requirements in 3-2-1/3.7 of the Marine Vessel Rules. The buckling and ultimate
strength are to be in accordance with the requirements in 3-5/5. In addition, the net thickness of the bottom
shell and inner bottom plating is to be not less than given by the following:
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7.3.1 Bottom Shell Plating - Net Thickness (1 June 2014)

The net thickness of the bottom shell plating, t,,, is to be not less than t4,t; nor t3 specified as
follows:

t; =0.73s(kyp/f)Y?  mm(in.)
t, =0.73s(kp/f)Y* mm(in.)
ts = cs(Smfy/E)'/?"  mm(in.)

* The net thickness, t3, may be determined based on S, and f), of the hull girder strength material
required at the location under consideration.

where
s = spacing of bottom longitudinals, in mm (in.)
kq = 0.342
k, = 0.500
p = Pgq— Pyun OF Pp, Whichever is greater, in N/cm? (kgf/cm?, 1bf/in?)
DPuh = 0. 12Y(h€wttan¢e)1/2 where £,,; = 0.20L
=0 where £,,; < 0.15L
Linear interpolation is to be used for intermediate values of £,,;.
Where the top of the double side ballast tank does not extend to the exposed deck, is
to be taken as zero.
PewPp = nominal pressures, in N/em? (kgf/cm?, 1bf/in?), as defined in load case “a” and “b” in
3-3/Table 3 for bottom plating, respectively
% = specific weight of the ballast water, 1.005 N/cm*m (0.1025 kgf/cm?-m, 0.4444 1bf/
in*-ft)
h = height of double side ballast tank at vessel’s side, in m (ft)
Lot = length of double side ballast tank, in m (ft), measured at the top of the tank
L = scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel
Rules
b, = effective pitch amplitude
= 0.71¢
[0) = pitch amplitude as defined in 3-3/5.7.1
f1 = permissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, 1bf/in?)
= (1-0.70a1SMgp/SMp)Sify < fimax
= (1-0.70a1SMpp/SMp)Sify < (0.40 +0.1(190 — L) /40)S,,f, for
L<190 m
fmax = 0.408,f, within 0. 4L amidships
= 0.555,fy peak bulkhead to the end

Linear interpolation is to be used for the intermediate location.
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ay = Smlfyl/'smfy
SMpp = reference net hull girder section modulus based on the material factor of the bottom

SMp
SM

f2

flange of the hull girder, in cm?*-m (in’-ft)
0.925M
net design hull girder section modulus to the bottom, in cm?*m (in*-ft)

required hull girder section modulus in accordance with 3-4/3.5.1, taking into
consideration the material factor of the bottom flange of the hull girder, in cm*-m
(in’-ft)

permissible bending stress, in the transverse direction, in N/cm?* (kgf/cm?, 1bf/in?)
0.80S,fy 0.4L amidships
1.008,fy peak bulkhead to the end

Linear interpolation is to be used for the intermediate location.

Sm

Ty

fyl

SMppy

SMy

Ql Qb

strength reduction factor for the bottom plating

1.0 for ordinary strength steel
0.95 for H32 strength steel
0.908 for H36 strength steel

strength reduction factor for the bottom flange of the hull girder

minimum specified yield point of the bottom plating material, in N/em? (kgf/cm?,
Ibf/in?)

minimum specified yield point of the bottom flange of the hull girder, in N/cm®
(kgf/cm?, 1bf/in?)

modulus of elasticity of the material, may be taken as 2.06 x 10" N/cm? (2.1 x 10°
kgf/em?, 30 x 10° 1bf/in’) for steel

0.7N* = 0.2, not to be less than 0.4Q*/?

Ry(Q/Qp)"?
(SMgpy/SMp)*'/?

reference net hull girder section modulus for hogging bending moment based on the
material factor of the bottom flange of the hull girder, in cm?*-m (in-ft)

0.925My

required hull girder section modulus in accordance with 3-2-1/3.7.1 and 3-2-1/5.5 of
the Marine Vessel Rules, for hogging total bending moment based on the material
factor of the bottom flange of the hull girder, in cm?-m (in*-ft)

material conversion factor in for the bottom shell plating under consideration and the
bottom flange of the hull girder, respectively

1.0 for ordinary strength steel
0.78 for H32 strength steel
0.72 for H36 strength steel
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* The net thickness, t3, may be determined based on S, and f, of the hull girder strength
material required at the location under consideration.

In addition to the foregoing, the net thickness of the bottom shell plating, outboard of 0.3B from
the centerline of the vessel, is to be not less than that of the lowest side shell plating required by
3-4/9.1 adjusted for the spacing of the longitudinals and the material factors.

The net thickness of the bottom shell plating in way of the pipe duct space is also to be not less
than that of the bottom plating in way of the adjacent space.

7.3.2 Inner Bottom Plating - Net Thickness (7 June 2014)

The net thickness of the inner bottom plating, t,, is to be not less than tq, ty, t3 or t4 specified as
follows:

t; = 0.73s(kp/fDY?  mm(in.)
t, = 0.73sk(kp/f2)? mm(in.)
ts = cs(Smfy/E)/*"  mm(in.)

ty = 0.73sk(kpye/f)Y?  mm(in.)

Where the inner bottom plating is transversely stiffened locally, the net thickness of the inner
bottom plating, t,, is to be not less than ts or g in lieu ofty, ty, t3 and t4, specified as follows:

ts = 0.73s;k(kp/ Y% mm(in.)

te = 0.73s:k(kapge/)Y*  mm(in.)

where
s =  spacing of inner bottom longitudinals, in mm (in.)
St = spacing of transversely stiffened bracket, in mm (in.)
kqy = 0342
k, = 0.50
k = (3.075a'/2-2.077)/(a+0.272) (1<sas<2)
= 1.0 (a>2)
a = aspect ratio of the panel (longer edge/shorter edge)
p = Pa— Dun OF Dp, Whichever is greater, in N/cm?® (kgf/cm?, 1bf/in?)
PwPp = nominal pressures, in N/cm?® (kgf/cm?, Ibf/in®), as defined in load case “a” and “b”
in 3-3/Table 3 for inner bottom plating, respectively
Puh = defined in 3-4/7.3.1
f1 = pezrmissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, 1bf/
in’)

= (1—-0.52a1SMpp/SMp)Sify < fmax » Where SMp/SMpp is not to be taken
more than 1.4

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 150



Chapter 3  Structural Design Requirements

Section 4 |Initial Scantling Criteria
fmax = 0.57Su,fy 0.4L amidships
= 0.655,f, peak bulkhead to the end
Linear interpolation is to be used for the intermediate location.
12 = permissible bending stress, in the transverse direction, in N/cm? (kgf/cm?, Ibf/in®)
= 0.855,f, 0.4L amidships
= 1.00S,fy peak bulkhead to the end
Linear interpolation is to be used for the intermediate location.
f = 0.75f,
aq = Smify1/Swfy
Sm = strength reduction factor obtained from 3-4/7.3.1 for the inner bottom material
Sm1 = strength reduction factor obtained from 3-4/7.3.1 for the bottom flange material
fy = minimum specified yield point of the inner bottom material, in N/em? (kgf/cm?,
1bf/in?)
fy = minimum specified yield point of the bottom flange material, in N/cm?* (kgf/cm?,
1bf/in?)
¢ = 0.7N?=0.2,not to be less than 0.37Q*/?
N T Rl@/eG /'
Q,0p = material conversion factor for the inner bottom plating under consideration and
the bottom flange of the hull girder, respectively
= 1.0 for ordinary strength steel
= 0.78 for H32 strength steel
= 072 for H36 strength steel
y = vertical distance, in m (ft), measured from the inner bottom to the neutral axis of
the hull girder section
Vn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the
hull girder section
Pgc = Dot (Pgd)max Nem® (kgf/em?, Ibf/in’)
Do = cargo tank design vapor pressure in N/cm? (kgf/cm?, Ibf/in?), as defined in
3-1/3.11
Pgd T oapZ Bk;.;plO_4 N/em? (kgf/em?, 1bf/in?)
ag = dimensionless acceleration, see 3-3/5.9.2
Zg = largest cargo tank liquid head in m (ft) above the point on the inner bottom under
consideration, see 3-3/5.9.2
k3 = 9.8I1(1.0, 69.44)
p = maximum cargo density, in N/m’ (kgf/m’, Ibf/ft*), at the design temperature, butp
is not to be taken less than 4900 N/m* (500 kgf/m?, 31.214 Ibf/ft’)
SMrgp = reference net hull girder section modulus based on the material factor of the

bottom flange of the hull girder, in cm*m (in*-ft)
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= 0.925M
SMpg = net design hull girder section modulus to the bottom, in cm*-m (in*-ft)
SM = required hull girder section modulus in accordance with 3-4/3.5.1, taking into
consideration the material factor of the bottom flange of the hull girder, in cm*-m
(in’-ft)
Ry = (SMggy/SMp)"/?
SMppy =  reference net hull girder section modulus for hogging bending moment based on
the material factor of the bottom flange of the hull girder, in cm?-m (in*-ft)
= 0.925My
SMy = required hull girder section modulus in accordance with 3-2-1/3.7.1 and 3-2-1/5.5

of the Marine Vessel Rules, for hogging total bending moment based on the
material factor of the bottom flange of the hull girder, in cm*-m (in*-ft)

E = modulus of elasticity of the material, may be taken as 2.06 x 10’ N/cm? (2.1 x 10°
kgf/cm?, 30 x 10° Ibf/in?) for steel

* The net thickness, t3, may be determined based on S, and f,, of the hull girder strength
material required at the location under consideration.

In addition to the foregoing, the net thickness of the inner bottom plating outboard of 0.3B from
the centerline, is also to be not less than ¢4, t; nor t5 required by 3-4/13.1 for the lowest strake on

the inner skin bulkhead, adjusted for the spacing of the longitudinals and the material factor.

For transversely stiffened inner bottom plating, buckling in transverse direction is to be checked in
total strength assessment in lieu of ¢, requirement.

The net thickness of the inner bottom plating in way of a pipe duct space is not to be less than that
of the inner bottom plating.

7.5 Bottom, Bilge and Inner Bottom Longitudinals

7.51

Bottom Longitudinals - Net Section Modulus (7 June 2014)

The net section modulus of each bottom longitudinal, in association with the effective plating to
which it is attached, is to be not less than obtained from the following equation:

SM=M/f, cm3(in®)

where

M = 1000ps#*/k N-cm (kgf-cm, Ibf-in.)

k = 12(12, 83.33)

= spacing of longitudinals, in mm (in.)

£ = span of the longitudinal between effective supports, as shown in 3-4/Figure 3, in
m (ft)

D = Pg— Puh OF Pp, whichever is greater, in N/cm? (kgf/cm?, Ibf/in?) as specified in
3-4/7.3.1

f = permissible bending stresses, in N/cm? (kgf/cm?, 1bf/in?)

= (10_065“15MRB/SMB)SmfySfmax
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fmax = 0.55S,f, 0.4L amidships
= 0.70S,,f, peak bulkhead to the end

Linear interpolation is to be used for the intermediate location.

a1 = Smlfyl/smfy

Sm = strength reduction factor, as defined in 3-4/7.3.1, for the material of
longitudinals considered

Smi1 = strength reduction factor, as defined in 3-4/7.3.1, for the bottom flange material

fy = minimum specified yield point for the material of the longitudinals considered,
in N/em? (kgf/em?, 1bf/in?)

fy = minimum specified yield point of the bottom flange material, in N/ecm? (kgf/cm?,
1bf/in?)

SMgp = reference net hull girder section modulus based on the material factor of the
bottom flange of the hull girder, in cm*m (in*-ft)

= 0.928M

SMp = net design hull girder section modulus to the bottom, in cm?-m (in’-ft)

SM = required hull girder section modulus in accordance with 3-4/3.5.1, taking into
consideration the material factor of the bottom flange of the hull girder, in cm*-
m (in’-ft)

In addition, the net section modulus of bottom longitudinals, outboard of 0.3B from the centerline

of the vessel, is to be not less than that of the lowest side longitudinal required by 3-4/9.5, adjusted

for the span and spacing of the longitudinals and the material factors.

In determining compliance with the foregoing, an effective breadth, b,, of attached plating is to be

used in calculation of the section modulus of the design longitudinal. b, is to be obtained from line

b) of 3-4/Figure 4.

7.5.2 Bilge Longitudinals - Net Section Modulus
Longitudinals around the bilge, if fitted, are to be graded in size from that required for the lowest
side longitudinal to that required for the bottom longitudinals.
7.5.3 Inner Bottom Longitudinals - Net Section Modulus (7 June 2014)

The net section modulus of each inner bottom longitudinal, in association with the effective
plating to which it is attached, is to be not less than is required to satisfy each of the following
equations:

SM=M;/fp;  cm3(in’)

SM = cy KMy/fp,  cm3(in®)

where
My = 1000psf?/k N-cm (kgf-cm, Ibf-in.)
P = pg— Pun OF Pp, Whichever is greater, in N/cm? (kgf/cm?, 1bf/in?), as specified in
3-4/7.3.2
s = spacing of longitudinals, in mm (in.)
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£ = span of the longitudinal between effective supports, as shown in 3-4/Figure 3, in m
(fo
k = 12(12,83.33)
frp1 = permissible bending stresses, in N/em? (kgf/em?, [bf/in?)

= (1.0—0.50a15MRB/5MB)SmfySfmax

fmax = 0.658,fy 0.4L amidships
= 0.755nfy peak bulkhead to the end
Linear interpolation is to be used for the intermediate location.
a = Smlfyl/smfy
SMppg = reference net hull girder section modulus based on the material factor of the bottom
flange of the hull girder, in cm*-m (in’-ft)
= 0.925M
SMp = netdesign hull girder section modulus to the bottom, in cm*m (in*-ft)
SM = required hull girder section modulus in accordance with 3-4/3.5.1, taking into
consideration the material factor of the bottom flange of the hull girder, in cm?-m
(in’-ft)
Sm = strength reduction factor, as defined in 3-4/7.3.1, for the material of longitudinals
considered.
Sm1 =  strength reduction factor, as defined in 3-4/7.3.1, for the bottom flange material.
fy = minimum specified yield point for the material of the longitudinals considered, in
N/em? (kgf/cm?, 1bf/in?)
fy =  minimum specified yield point of the bottom flange material, in N/cm? (kgf/cm?,
1bf/in?)
Cgc = 0.89 for longitudinals in tanks
= 093 for longitudinals in voids
K = 09
Mz = 1000p,s¢®/k N-cm (kgf-cm, Ibf-in.)
Pge = pressure, in N/em? (kgf/cm?, Ibf/in’), as obtained from 3-4/7.3.2
fp2 = permissible bending stresses, in N/cm? (kgf/cm?, Ibf/in?)
Sgc = 0.64 for ordinary strength steel
= 0.53 for H32 strength steel
= 052 for H36 strength steel

In addition, the net section modulus of the inner bottom longitudinals located outboard of 0.3B
from the centerline, is also to be not less than required by 3-4/13.5 for the lowest inner skin
bulkhead longitudinal, adjusted for the span and spacing of the longitudinals and material factors.
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In determining compliance with the foregoing, an effective breadth, b,, of attached plating is to be
used in calculation of the section modulus of the design longitudinal.b,, is to be obtained from line
b) of 3-4/Figure 4.

7.7 Double Bottom Girders and Floors (20718)

The minimum scantlings for double bottom girders and floors are to be determined in accordance with
3-4/7.7.2, 3-4/7.7.3, 3-4/7.7.4 and 3-4/7.7.5 as follows. The minimum scantlings of watertight double
bottom girders under longitudinal bulkhead are also not to be less than the longitudinal bulkhead
scantlings.

For bottom girders and floors with partial girders in way of transverse/cofferdam bulkheads, the minimum
scantlings are alternatively determined from a grillage analysis or finite element analysis.

7.7.1 Double Bottom Depth

The depth of the double bottom dpp at centerline is not to be less than obtained by the following
equation:

dpp = 32bpp x 10 3+ cfdm (f)  for L <427 m (1400 ft)

where
bpp = unsupported width of the double bottom structure under consideration, in m (ft), as
shown in 3-4/Figure 5
= 0.19(0.344)
d = molded draft of vessel, in m (ft)

The depth of the double bottom dpp is to be not less than B/15 or 2.0 m (6 ft - 6 3/4in.),

whichever is lesser. B is the breadth of vessel, in m (ft), as defined in 3-1-1/5 of the Marine Vessel
Rules.

7.7.2 Double Bottom Centerline Girder - Net Thickness (20718)

The net thickness of the double bottom centerline girder amidships is not to be less than ¢4, t; nor
t3 as defined below:

t1 =  (4.5apgl x 1072 +4.5) mm within 0. 75L amidships
= 0.8(4.5appl X 1072 +4.5) mm others

but need not be greater than (4.5L X 107% + 4. 5)R mm
= (5.4apglx107*+0.177) in. within 0. 75L amidships

= 0.8(5.4appl x 1074+ 0.177) in. others

but need not be greater than (5.4L X 107+ 0. 177)R in.

tp = Fqi/(kidpfs) mm(in.)
t3 = cs(Spufy/E)* mm(in.)
where
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apg 1.45dpg/ Dy, but app is not to be taken less than 0.7 nor need be greater than 1.0

dpp depth of double bottom, in m (ft), as obtained from the equation in 3-4/7.7.1

Dy depth of double bottom centerline girder under consideration at vessel’s
centerline, in m (ft)

dp actual depth of double bottom centerline girder under consideration at vessel’s
centerline, in m (ft)

L scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel
Rules

R 1.0 for ordinary strength steel
fym/Smfyn for higher strength material

fym specified minimum yield point for ordinary strength steel, in N/cm? (kgf/cm?,
1bf/in?)

fyn specified minimum yield point for higher tensile steel, in N/cm?* (kgf/cm?, 1bf/in*)

Sm strength reduction factor
1.0 for ordinary strength steel
0.95 for H32 strength steel
0.908 for H36 strength steel

kq 10.0 (10.0, 12.0)

Fq approximate maximum shear force in the center girder, as obtained from the
equation given below (see also 3-4/1.3). Alternatively, F, may be determined from
finite element analyses, as specified in 3-5/9 with the combined load cases in
3-5/9.7. However, F| is not to be taken less than 85% of that determined from the
equation below, with the exception of the double bottom provided with partial
girders or floors:
1000k, yninypfss1 N (kgf, 1bf) forA<1.5
414kyynnypbpgsy N (kgf, 1bf) forA>1.5

k, 1.0 (1.0, 2.24)

aq 0.606 —0.221

A ¥5/bpp

Y 3x /€, — 0.5 but not less than 0.5

ny 0.0374(s1/s57)* — 0.326(s1/s5) +1.289

ny 1.3 —(s¢/12) for SI or MKS Units
1.3 —(s¢/39.37) for U.S. Units

£ unsupported length of the double bottom structures under consideration, in m (ft),
as shown in 3-4/Figure 5

bpp unsupported width of the double bottom structure under consideration, in m (ft),
as shown in 3-4/Figure 5

s1 sum of one-half of girder spacings on both sides of the center girder, in m (ft)

Sf average spacing of floors, in m (ft)
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Q,Qp

Yn

SMppy

SMy

longitudinal distance from the mid-span of unsupported length(€;) of the double
bottom to the location of the girder under consideration, in m (ft).

nominal pressure, in kN/m? (tf/m?, Ltf/ft?), as specified in 3-3/Table 3.
permissible shear stresses, in N/cm? (kgf/cm?, 1bf/in?)

0.45S,f,

minimum specified yield point of the material, in N/cm?* (kgf/cm?, 1bf/in*)

0.7N%-0.2 , not to be less than 0. 4(21/2 but need not be greater than
0.45(Q/Qn'"*

Ry[(Q/Qn) /y]'?

material conversion factor for the bottom girder and the bottom flange of the hull
girder, respectively.

1.0 for ordinary strength steel
0.78 for H32 strength steel
0.72 for H36 strength steel

vertical distance, in m (ft), measured from the lower edge of the bottom girder
plating to the neutral axis of the hull girder section

vertical distance, in m (ft), measured from the bottom to the neutral axis of the
section

spacing of longitudinal stiffeners on the girder, in mm (in.)
1.0 for ordinary mild steel
fym/Smfyn for higher strength material

specified minimum yield point for ordinary strength steel, in N/cm? (kgf/cm?,
Ibf/in?)

specified minimum yield point for higher tensile steel, in N/cm? (kgf/cm?, 1bf/in?)

scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel
Rules

modulus of elasticity of the material, may be taken as 2.06 x 10’ N/ecm? (2.1 x 10°
kgf/em?, 30 x 10° Ibf/in?) for steel

(SMRBH/SMB)l/Z

reference net hull girder section modulus for hogging bending moment based on
the material factor of the bottom flange of the hull girder, in cm*-m (in*-ft)

0.925My

required hull girder section modulus in accordance with 3-2-1/3.7.1 and 3-2-1/5.5
of the Marine Vessel Rules, for hogging total bending moment based on the
material factor of the bottom flange of the hull girder, in cm?-m (in’-ft)

In addition to the above requirement, the net thickness of the center girder is to be not less than ¢,
as specified below:

ty = Flgc/(kldbfgc) mm(in.)
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where
Fige = hear force in the center girder, as obtained from finite element analyses, as specified
in 3-5/9 with the additional IGC load cases in 3-5/9.7
fgc = permissible shear stresses, in N/cm?® (kgf/cm?, 1bf/in?)
= 0.5f,

All other parameters are also defined as above.

The net thickness of the centerline girder under the cofferdam bulkhead space is not to be less than
t1, ty, t3 nor ty as required at x = £/ 2.

7.7.3 Double Bottom Side Girder - Net Thickness (2018)
The net thickness of the double bottom side girders is to be not less than ¢4, t; nor t3 as defined

below:
ti1 =  (2.6apgl x107%+4.5) mm within 0.75L amidships
= 0.8(2.6apgl X 1072+ 4.5) mm others
but need not be greater than (2.6L X 1072 + 4. 5R mm
= (3.lappl x 107 %+o0. 177) in. within 0. 75L amidships
= 0.8(3.1apgl x107*+0.177) in. others
but need not be greater than (3. 1L X 107*+0. 177)R in.
t1 is not to be less than the thickness given in 3-4/Table 1
tp = Fy/(kidpgfs) mm(in.)
t3 = cs(Spufy/E)"? mm (in.)
where
F, =  approximate maximum shear force in the side girders under consideration, as
obtained from the equation given below (see also 3-4/1.3). Alternatively, F, may
be determined from finite element analyses, as specified in 3-5/9 with the
combined load cases in 3-5/9.7. However, F), is not to be taken less than 85% of
that determined from the equation below, with the exception of the double bottom
provided with partial girders or floors:
Fy = 1000kyayf1ynsngpfssy; N (kgf, 1bf) for A>1.5
= 314k,L1yn3ngpbppsy N (kgf, 1bf) for A>1.5
a; = 0.49-0.187A
B1 = 1.25— 5(Zl/bDB)2 for one tank abreast
= 1.0 for two tanks abreast
ns = 1.072-0.0715(s2/s¢)
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ny 1.2 —(s¢/18) for SI or MKS Units

= 1.2-(s¢/59.1) for U.S. Units

dpg = actual depth of double bottom girder under consideration, in m (ft)
S = sum of one-half of girder spacing on both sides of the side girders, in m (ft)
Zq = transverse distance from the centerline to the location of the double bottom to the
girder under consideration, in m (ft)
¢ = 0.7N*-0.2 , not to be less than 0. 4Q1/2, but need not be greater than
0.45(Q/Qb)"/?
- 1/2
N R[(Q/Qn) /¥
Q,0p = material conversion factor in for the bottom girder and the bottom flange of the
hull girder, respectively.
= 1.0 for ordinary strength steel
= 0.78 for H32 strength steel
= 0.72 for H36 strength steel
y = vertical distance, in m (ft), measured from the lower edge of the bottom girder
plating to the neutral axis of the hull girder section
Vn = vertical distance, in m (ft), measured from the bottom to the neutral axis of the
section
s = gspacing of longitudinal stiffeners on the girder, in mm (in.)

Y, k1, ky, app, €5, bpp, A, Sp, 0, Ay, 5 L R, Sy and f, are as defined in 3-4/7.7.2 above.

In addition to the above requirement, the net thickness of the side girder is to be not less than ¢, as
specified below:

ty = Fch/(kldbgfgc) mm(in.)

where

Fagc =  shear force in the side girder, as obtained from finite element analyses, as specified
in 3-5/9 with the additional IGC load cases in 3-5/9.7

fgc = permissible shear stresses, in N/cm?® (kgf/cm?, 1bf/in?)

= 0.5f,
All other parameters are also defined as above.

The net thickness of the side girder under the cofferdam bulkhead space is not to be less than
t1, ty, t3 nor ty as required at x = £/ 2.

The net thickness of the double bottom side girders under the longitudinal bulkheads is to be not
less than tq and t3 as required above.
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7.7.4 Double Bottom Floors - Net Thickness (2018)

The net thickness of double bottom floors is to be not less than t; nor t,, as specified below:

tl =

a3z =

B2 =

'r’ =

S3 =

Sg =

Zy =

fs =

(2.6appL X 10 -2+ 4.5) mm within 0. 75L amidships
0.8(2.6appL x 10 —2+4.5) mm others

but need not be greater than (2.6L X 1072 + 4. 5R mm
(3. 1apgl X 107%+o0. 177) in. within 0. 75L amidships

0.8(3.1apzl x 10~ +0.177) in. others

but need not be greater than (3. 1L X 107+ 0. 177)R in.
t1 is not to be less than the thickness given in 3-4/Table 1

F3/(kidpsfs) mm (in.)

approximate maximum shear force in the floors under consideration, as obtained from
the equation given below (see also 3-4/1.3). Alternatively, ', may be determined from
finite element analyses, as specified in 3-5/9 with the combined load cases in 3-5/9.7.
However, F, is not to be taken less than 85% of that determined from the equation
below, with the exception of the double bottom provided with partial girders or floors:

950 kyasfpbppsz N (kgf, 1bf)

actual depth of double bottom floor under consideration, in m (ft)
0.5n(0.66 —0.08n)

2zy/bpp = 0.4

(5/bop)(sg/sp)'/*

sum of one-half of floor spacing on both sides of the floor under consideration, in m
(fo

average spacing of girders, in m (ft)

transverse distance from the centerline of the unsupported width bpp of the double

bottom to the location of the floor under consideration, in m (ft)

0.45 S,,f, in N/em® (kgf/cm?, 1bf/in?)

£, k1, ko, app, bpp, spR,p, dy, L, Sy, and fy are as defined in 3-4/7.7.2 above.

In addition to the above requirement, the net thickness of the floor is to be not less than t3 as

specified below:

t3 = F3gc/(k1dpsfg0)  mm(in.)

where
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F34c = shear force in the floor, as obtained from finite element analyses, as specified in
3-5/9 with the additional IGC load cases in 3-5/9.7
fgc = permissible shear stresses, in N/em?® (kgf/cm’, 1bf/in?)
= 0.5f,

All other parameters are also defined as above.

The thickness and material properties of double bottom floors in line with the cofferdam
bulkheads are to be at least 75% of those provided for the lowest strake of the cofferdam bulkhead
plating.

7.7.5 Double Bottom Tank Boundary Girders - Net Thickness
The net thickness of double bottom girders forming boundaries of deep tanks, in addition to

complying with 3-4/7.7.2 or 3-4/7.7.3 as appropriate, is to be not less than t; nor t; as specified
below:

t;=0.73s(kyp/f)Y?  mm(in.)

t,=0.73s(kep/f)’?  mm(in.)

where
s = spacing of longitudinal or vertical stiffeners on the girder, in mm (in.)
kq = 0.342 for longitudinally stiffened plate
= 0.50k”for vertically stiffened plate
ka = 0.50k°
k = (3.075a'/2-2.077)/(a+0.272) where 1 < o < 2
= 1.0 where a > 2
a = aspect ratio of plate panel (longer edge/shorter edge)
p =  Pn—Puo
Pn = nominal pressure, in N/em? (kgf/em?, Ibf/in?), at lower edge of each plate as
specified in 3-3/Table 3 for watertight double bottom girder
Puo = 0.0 where the watertight double bottom girder does not form the boundary of a
double side ballast tank
= where the watertight double bottom girder forms the boundary of a double side
ballast tank that extends to the exposed deck:
= . 24Y(h’gwtbwttan¢)etanee)1/3 where £,,; = 0.20L
= 00 where £,,; < 0.15L
linear interpolation may be used to determine p,,, where 0.15L < £,,;, < 0.20L
% = specific weight of the ballast water, 1.005 N/cm?-m (0.1025 kgf/cm*-m, 0.4444
1bf/in’-ft)
h = height of double side ballast tank at vessel’s side, in m (ft)
Lot = lengthof double side ballast tank in m (ft) measured at the top of the tank
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by¢ breadth of double side ballast tank in m (ft) measured at the top of the tank

b, effective pitch amplitude as defined in 3-3/5.7.2 with Cy, = 0.7

0, effective roll amplitude as defined in 3-3/5.7.2 with Cg = 0.7

f1 permissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?,
Ibf/in?)

[1—0.36(z1/B) —0.53a1(SMpp/SMp)(y/Y)ISmfy < 0.655,f,

fa permissible bending stress, in vertical direction, in N/cm? (kgf/cm?, 1bf/in?)
0.90S,.fy

a1 Smlfyl/smfy

Sm strength reduction factor for the girder material
1.0 for ordinary strength steel
0.95 for HT32 strength steel
0.908 for HT36 strength steel

Sm1 strength reduction factor for the hull girder bottom flange material of hull girder

fy minimum specified yield point of the girder material, in N/cm? (kgf/cm?, Ibf/in®)

fy minimum specified yield point of the hull girder bottom flange material, in
N/em? (kgf/ecm?, 1bf/in?)

y vertical distance, in m (ft), measured from the neutral axis of the hull girder
transverse section to the lower edge of each plate where the plating is
longitudinally stiffened
vertical distance, in m (ft), measured from the neutral axis of the hull girder
transverse section to the mid-depth of the double bottom height where the
plating is vertically stiffened

Yn vertical distance, in m (ft), measured from the bottom to the neutral axis of the
hull girder section

B vessel breadth, in m (ft), as defined in 3-1-1/5 of the Marine Vessel Rules

SMpp reference net hull girder section modulus based on the material factor of the
bottom flange of the hull girder, in cm?-m (in*-ft)
0.925M

SMpg net design hull girder section modulus to the bottom, in cm*m (in-ft)

SM required hull girder section modulus in accordance with 3-4/3.5.1, taking into
consideration the material factor of the bottom flange of the hull girder, in cm?-
m (in’-ft)

Z1 transverse distance from the centerline of the unsupported width bpg of the
double bottom to the girder under consideration, in m (ft)

bpp unsupported width of the double bottom structure under consideration, in m (ft),

as shown in 3-4/Figure 5
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7.7.6 Double Bottom Tight Girders - Longitudinal Stiffeners - Net Section Modulus

The net section modulus of each longitudinal on tight double bottom girders, in association with
the effective plating to which it is attached, is to be not less than obtained from the following
equation:

SM=M /f, cm3(in’)

where

M 1000ps#? /k N-cm (kgf-cm, Ibf-in.)

k = 12(12,83.33)

= spacing of longitudinals, in mm (in.)

£ = span of the longitudinal between effective supports, as shown in 3-4/Figure 3, in m (ft)
p = nominal pressure, in kKN/m? (tf/m?, Ltf/ft?), as specified in 3-3/Table 3.
fp = permissible bending stresses, in N/cm? (kgf/cm?, 1bf/in?)

= 1.2[1-0.322/B — 0.53a;(SMgp/SMp) (¥ /¥n)ISmfy < 0.8,

z = horizontal distance, in m (ft), from the centerline to the girder on which the stiffener is
fitted
y = vertical distance, in m (ft), measured from the longitudinal to the neutral axis of the

hull girder section

y, = vertical distance, in m (ft), measured from the base line to the neutral axis of the hull
girder section

SMpp andSMp are as defined in 3-4/7.3.1.

All other parameters are defined in 3-4/7.5.1

7.9 Structure in Pipe Duct Space

7.91

Transverses on Bottom Shell
Bottom transverses in a pipe duct space are to have a section modulus, SM and a cross sectional
area, A, not less than obtained from the following equations:

SM=M/f, cm3(in®)

A;=F/f, cm%(in%)

where
M = pse*10°/k; N-cm (kgf-cm, Ibf-in)
p = nominal pressure for the bottom transverse, in kN/m? (tf/m?, Lt{/ft?), as specified in
3-3/Table 3.
s = spacing of the transverse, in m (ft)
£ = span of the transverse as defined in 3-4/Figure 7, in m (ft)
ky = 10(10,37.2)
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fp = permissible bending stress, in N/em? (kgf/cm?, 1bf/in?)
= 0.7 Sufy
Sn =  strength reduction factor for the transverses, as defined in 3-4/7.3.1
fy = minimum specified yield point for the transverses, in N/cm* (kgf/cm’, Ibf/in®)
F = ky600ps? N (kgf, 1bf)
k, = 1.0(1.0,2.24)
fs = permissible shear stress, in N/cm? (kgf/cm?, 1bf/in?)

0.4 Spfy

The net thickness of the web plate of the transverse is not to be less than t; obtained in 3-4/7.7.4,
adjusted for the material of the web plate.

7.9.2 Transverses on Inner Bottom Plating

Inner bottom transverses in a pipe duct space are to have a section modulus, SM and a cross
sectional area, Ag, not less than obtained from the following equations:

SM = cyKiM/fy  cmi(in®)

As=F/f; cmz(inz)

where

Pgc
Po

Pgd

fb

0.93
0.9

pgcs??10°/ky N-cm (kgf-cm, Ibf-in)
Po + (Pgd)max N/em? (kgf/em?’, Ibf/in’)

cargo tank design vapor pressure, in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-1/3.11

agZgk3p10~* N/em? (kgflem?, Ibf/in’)

dimensionless acceleration, see 3-3/5.9.2

largest cargo tank liquid head in m (ft) above the point on the inner bottom transverse
under consideration, see 3-3/5.9.2

9.81(1.0, 69.44)

maximum cargo density, in N/m? (kgf/m®, Ibf/ft®), at the design temperature, but p is
not to be taken less than 4900 N/m* (500 kgf/m?, 31.214 Ibf/ft’)

spacing of the transverse, in m (ft)

span of the transverse as defined in 3-4/Figure 7, in m (ft)
10 (10, 5780)

permissible bending stress, in N/cm? (kgf/cm?, 1bf/in?)
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Sngy

Sge = 0.64 for Ordinary strength steel

= 0.53 for H32 strength steel

= 052 for H36 strength steel
fy = minimum specified yield point for the transverses, in N/cm® (kgf/cm’, Ibf/in®)
F = ky6000p,.sf N (kgf, Ibf)
k, = 1.0(1.0,0.0145)
fs = permissible shear stress, in N/cm? (kgf/cm?, 1bf/in?)

= 0.4 S,f,
Sn, = strength reduction factor for the transverses, as defined in 3-4/7.3.1

The net thickness of the web plate of the transverse is not to be less than t; obtained in 3-4/7.7.4,
adjusted for the material of the web plate.

The thickness and material properties of the web plate in line with the cofferdam bulkheads are to
be at least 75% of those provided for the lowest strake of the cofferdam bulkhead plating.

7.9.3 Vertical Web on Watertight Girder in Double Bottom
A vertical web on a double bottom watertight girder is to have a section modulus, SM, and a cross

sectional area, A, not less than obtained from the following equations:

SM=M/f, cm3(n®

A;=F/fs cm%(in®)

where
M = pse?10°/k, N-cm (kgf-cm, Ibf-in)
p = nominal pressure at mid-span of the vertical web, in kN/m? (tf/m?, Ltf/ft?), as specified
in 3-3/Table 3.
= spacing of the vertical web, in m (ft)
£ = span of the vertical web as defined in 3-4/Figure 7, in m (ft)
ky = 12(12,44.64)
fp = permissible bending stress, in N/em? (kgf/cm?, 1bf/in?)
= 0.6 Sufy
Sn, = strength reduction factor for the material of the vertical web, as defined in 3-4/7.3.1
fy = minimum specified yield point for the material of the vertical web, in N/em? (kgf/em?,
1bf/in?)
F = k;500ps¢ N (kgf, 1bf)
k, = 1.0(1.0,2.24)
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permissible shear stress, in N/em? (kgf/cm?, 1bf/in?)

= 0.4S.f,

fs

The net thickness of the web plate of the vertical web is not to be less than t; obtained in
3-4/7.7.4, adjusted for the material of the web plate.
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FIGURE 3
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Effective Breadth of Plating b,

FIGURE 4

[
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T 1
i M,
; Y M
- \
ef e cf -
fu:.l ends = l;turmi,d_.—pan 5 = spacing of longifudinals
a) For bending at midspan
cty/s 1.5 2 2.5 3 3.5 4 4.5 and greater
be/s 0.58 0.73 0.83 0.90 0.95 0.98 1.0
b) For bending at ends
ct/s 1 1.5 2 2.5 3 3.5 4.0
be/s 0.25 0.35 0.43 0.5 0.55 0.6 0.67
a) is for strength evaluation and b) is for fatigue strength assessment.
TABLE 1
Minimum Net Thickness of Girders and Floors
L tmin L tmin
meters mm feet in.
90 7.5 278 0.29
110 8 344 0.31
150 9 478 0.35
190 and more 10 644 and more 0.40

Alternatively, fmin may be determined from the following equation:

tmin =2.5L 1072 +5.25 mm (i = 3.0L10" % +0.2067 in.)

Where L is scantling length in m (ft) but need not be taken greater than 190 m (644 ft)
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FIGURE 5
Definitions of £, and by
T T
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9 Side Shell and Deck

9.1 Side Shell Plating (71 June 2014)
The net thickness of the side shell plating over the midship 0.4L, in addition to complying with 3-4/5.3, is
to be not less than tq, ty, t3 nor ty, as specified below:
— 1/2* .
t1=0.73s (kip/f1) mm (in.)
_ 1/2* .
t; =0.73s(kyp/f2) mm (in.)

ts = cs(Spfy/E)'/?"" mm (in.)

ty = 0.73s(kyp;/ f2)* mm (in.)

Note:
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* The net thickness t1 and t, as calculated for each plate, need not exceed the values calculated at the upper turn of the

bilge, adjusted for the spacing of the longitudinals and material factors.

** The net thickness, t3, may be determined based on Sy, and f, of the hull girder strength material required at the location

under consideration.

where

s = spacing of side longitudinals, in mm (in.)

kq = 0.342

ko = 050

p = Pa— Puo OF bp, Whichever is greater, in N/em? (kgf/cm?, 1bf/in?)

Puo = 0.24y(hf,b,tan ¢ tan 99)1/ 3 where £,,, = 0.20L

= 0 where £, < 0.15L
Linear interpolation is to be used for intermediate values of £,,;.
Where the top of the double side ballast tank does not extend to the exposed deck,p,,, is to
be taken as zero.

PwPp =  nominal pressures at the lower edge of each plate, in N/em? (kgf/cm?, 1bf/in?), as defined in
load case “a” and “b” in 3-3/Table 3 for side shell plating adjacent to ballast tank; and as
defined in load case “b” in 3-3/Table 3 for side shell plating adjacent to passage way or
void space, but are not to be less than 65% of those calculated at upper turn of bilge.

by¢ = breadth at tank top of double side ballast tank, in m (ft)

b, = effective pitch amplitude, as defined in 3-3/5.7.2 with C, = 0.7

0, = effective roll amplitude, as defined in 3-3/5.7.2 with C, = 0.7

L = scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel Rules

% = specific weight of ballast water, 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 1bf/in*-ft)

h = height of double side ballast tank at vessel’s side, in m (ft)

Lot = length of double side ballast tank in m (ft) measured at the top of the tank

f1 =  permissible bending stress in the longitudinal direction:

= [0.86—0.50a1(SMpg/SMp)(y/yp)1Smfy
< fmax for L = 190 m (623 ft), below neutral
axis
<[0.43+0.17(190 — L)/40]S.f, for L <190 m (623 ft), below neutral
axis
SMp/SMpgp is not to be taken more than 1.4.
= fmax for L > 190 m (623 ft), above neutral
axis
= [0.43+0.17(190 — L)/40]S,.f for L < 190 m (623 ft), above neutral
axis
fmax = 0.438,f, 0.4L amidships
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0.655,fy Aft end to the aft peak bulkhead
0.60S,.fy Fore peak bulkhead to the fore end

Linear interpolation is to be used for the intermediate location.

f2

permissible bending stress, in the vertical direction, in N/cm? (kgf/cm?, 1bf/in?)

0.855,fy 0.4L amidships
0.855,fy Fore peak bulkhead to the fore end
1.00S,,.fy Aft end to the aft peak bulkhead

Linear interpolation is to be used for the intermediate location.

fy
fyl

SM

SM)

Ya

Vb

Smlfyl/smfy

strength reduction factor obtained from 3-4/7.3.1 for the steel grade of side shell plating
material

strength reduction factor obtained from 3-4/7.3.1 for the steel grade of bottom flange
material

minimum specified yield point of side shell material, in N/cm? (kgf/cm?, Ibf/in%)
minimum specified yield point of the bottom flange material, in N/cm? (kgf/cm?, 1bf/in?)

reference net hull girder section modulus based on the material factor of the upper deck
flange (inner and upper decks) of the hull girder, in cm*-m (in*-ft)

0.928M

required gross hull girder section modulus at upper deck at side in accordance with
3-4/3.5.1, based on the material factor of the upper deck flange (inner and upper decks) of
the hull girder, in cm*-m (in-ft)

net design hull girder section modulus amidships at the upper deck, in cm?-m (in*-ft)

0.7N2—0.2,nottobelessthanO.4Q1/2

Ry (Q/Q d)l/ 2 for the sheer strake

R4(Q/Q)Wa/Yn)] 1/2 for other locations above the neutral axis
Ry[(Q/ Q1) (Va/V)] 1/2 for locations below the neutral axis
(SMrps/SMp)'/?

(SMggy/SMp)"/?

material conversion factor in 3-4/5 for the side shell plating under consideration and the
upper flange (inner and upper decks) of the hull girder, respectively.

material conversion factor in 3-4/5.1 for the bottom flange of the hull girder.

vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge of the side shell strake under consideration.

vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge (upper edge) of the side shell strake, where the strake under
consideration is below (above) the neutral axis.

vertical distance, in m (ft), measured from the upper turn of the bilge to the neutral axis of
the hull girder transverse section.
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Vn = vertical distance, in m (ft), measured from the bottom (upper deck) to the neutral axis of the
hull girder transverse section, where the strake under consideration is below (above) the
neutral axis

SMpps =  reference net hull girder section modulus at upper deck at side for sagging bending
moment, based on the material factor of the upper deck flange (inner and upper decks) of
the hull girder, in cm?*-m (in-ft)

= 0.925MS

SMg = required hull girder section modulus at upper deck at side in accordance with 3-4/3.5.1 for
sagging total bending moment based on the material factor of the upper flange (inner and
upper decks) of the hull girder, in cm*-m (in’-ft)

SMrpgp =  reference net hull girder section modulus based on the material factor of the bottom flange
of the hull girder, in cm*m (in-ft)
= 0.925M
SMp =  netdesign hull girder section modulus to the bottom, in cm?-m (in*-ft)
E = modulus of elasticity of the material, may be taken as 2.06 x10” N/cm? (2.1 x10° kgf/cm?,
30 x 10° Ibf/in?) for steel
Ry = (SMggu/SMp)'/?
SMppy =  reference net hull girder section modulus for hogging bending moment based on the
material factor of the bottom flange of the hull girder, in cm?m (in’-ft)
= 0.925My
SMy = required hull girder section modulus in accordance with 3-2-1/3.7.1 and 3-2-1/5.5 of the

Marine Vessel Rules, for hogging total bending moment based on the material factor of the
bottom flange of the hull girder, in cm*-m (in>-ft)

D = pressure, in N/em? (kgf/em?, Ibf/in?)
= 0.88(0.098L+90.2D/L—9.8) for SI units
= 0.88(0.01L+9.02D/L—-1.0) for MKS units

= 0.88(0.04335L+130.9D/L —14.223)  for US units

for the side shell plating located > 3 m (10 ft) above the summer load line, p; may be
reduced by 20%

D = depth of vessel, in m (ft), as defined in 3-1-1/7.1 of the Marine Vessel Rules

Note:

* The net thickness t1 and t, as calculated for each plate, need not exceed the values calculated at the upper turn of the

bilge, adjusted for the spacing of the longitudinals and material factors.

** The net thickness, t3, may be determined based on S, and fy of the hull girder strength material required at the location

under consideration.

In addition, the net thickness of the side shell plating subject to side offloading is not to be taken less than
ts obtained from the following equation:

ts = 90(s/1000 + 0.7)[Bd/ (Smf;)*1** + t; mm

ts = 7.3(s/39.4+ 0.7)[Bd/(Spfy) 1/ * + ty in.
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where

s = spacing of side longitudinal stiffeners, in mm (in)

= breadth of installation, as defined in 3-1-1/5 of the Marine Vessel Rules, in m (ft)

d = molded draft, as defined in 3-1-1/9 of the Marine Vessel Rules, in m (ft)
ty, = 0.5mm(0.021n.) for mild steel

= 1.0 mm (0.04 in.) for Grade H32 steel

= 1.5mm (0.06 in.) for Grade H36 steel

= 2.0mm (0.08 in.) for Grade H40 steel

All other parameters are as defined above.

The net thickness, ts, is to be applied to the following extent of the side shell plating:
e Longitudinal extent. Between a section aft of amidships where the breadth at the waterline exceed
0.9B, and a section forward of amidships where the breadth at the waterline exceeds 0. 6B.

e Jertical extent. Between 300 mm below the lowest ballast waterline to 0.25d or 2.2 m, whichever is
greater, above the summer load line.

Alternatively, in lieu of the ts requirements above, side shell strength calculations may be submitted to

demonstrate the structural adequacy of the side shell to the impact absorbing characteristics of fenders or
equivalent, and their arrangement.

9.3 Sheerstrake

The minimum width, b, of the sheerstrake throughout the amidships 0.4L is to be obtained from the
following equation:

b=5.0 Lx103+k m(f)

where
L = scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel Rules, but
need not be taken greater than 200 m (656 ft) in the above equation
k= 08(2.625)

In general, the thickness of the sheerstrake is not to be less than the thickness of the adjacent side shell
plating. The thickness of the sheerstrake is to be increased 25% in way of breaks of superstructures, but
this increase need not exceed 6.35 mm (0.25 in.).

9.5 Deck Plating
9.5.1 Upper Deck - Net Thickness (1 June 2014)

The net thickness of the upper deck plating is not to be less than is required to meet the hull girder
section modulus requirement in 3-2-1/3.7 of the Marine Vessel Rules. The buckling and ultimate
strength are to be in accordance with the requirements in 3-5/5. In addition, the net thickness of
the upper deck plating, over the midship 0.4L, is not to be less than tq,t; nor t3 as specified
below:

t; =0.73s(kyp/f)? mm (in.)
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t, = 0.73s(kp/f)*/? mm (in.)

ts = cs(Spfy/E)'/?" mm (in.)

where

f1

fy

f2

spacing of deck longitudinals, in mm (in.)
0.342
0.50

2.06 N/cm? (0.21 kgf/em?, 2.987 1bf/in?), in way of void space between upper deck
and inner deck

In no case is p to be taken less than 2.06 N/cm? (0.21 kgf/cm?, 2.987 Ibf/in?).
permissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, 1bf/
in?)

0.30S,f), for upper deck

strength reduction factor for the upper deck plating material under consideration
and the strength reduction factor for the upper flange of the hull girder,
respectively

1.0 for ordinary strength steel
0.95 for H32 strength steel
0.908 for H36 strength steel

minimum specified yield point of upper deck plating material, in N/cm? (kgf/cm?,
1bf/in?)

permissible bending stress, in the transverse direction, in N/cm? (kgf/cm?, 1bf/in?)

0.80S,f,

where the inner deck is not installed: 0.4L amidships
0.5 (0.6 +0.0015L) for SI or MKS Units
0.5 (0.6 +0.00046L) for U.S. Units

¢ is not to be taken less than (0.7N? - 0.2) for installations having length less than
267 m (876 ft)

where the inner deck is installed: 0.4L amidships
0.7N? - 0.2, not to be less than 0.40Q'*
0.300'2 Peak bulkhead to the end
Linear interpolation is to be used for the intermediate location.
Ra(Q/Q)"*
1/2
(SMrps/SMp)"/

material conversion factor in 3-4/5 for the upper deck plating under consideration
and the upper flange (inner and upper deck) of the hull girder, respectively

modulus of elasticity of the material, may be taken as 2.06 x 10" N/cm? (2.1 x 10°
kgf/em?, 30 x 10° Ibf/in?) for steel
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SMgpps = reference net hull girder section modulus at upper deck at side for sagging
bending moment, based on the material factor of the upper flange (inner and upper
deck) of the hull girder, in cm®-m (in*-ft)

= 0.925Mg

SMg = required hull girder section modulus at upper deck at side in accordance with
3-4/3.5.1 for sagging total bending moment based on the material factor of the
upper flange (inner and upper deck) of the hull girder, in cm?-m (in?-ft).

SMp = net design hull girder section modulus amidships at the upper deck at side, in cm?-
m (in’-ft)

Note:

* The net thickness,t3, may be determined based on Sy, and f, of the hull girder strength material required at the

location under consideration.

The t3 requirement for a floating offshore liquefied gasterminal may be adjusted based on the ratio
M,, where: M, = (maximum sagging still-water bending moment + sagging wave bending moment

for the on-site DEC)/(maximum sagging still-water bending moment + wave sagging bending
moment for North Atlantic environment). The sagging wave bending moment may be obtained
from 3-3/5.1.1.

M, Adjusted t3
M,.<0.7 0.85*t3
0.7<=M,.<1.0 0.5+ M,/2)*t3
M,.>1.0 1.0*t3

The required deck area is to be maintained throughout the midship 0.4L of the vessel. From these
locations to the ends of the vessel the deck area may be gradually reduced in accordance with
3-2-1/11.3 of the Marine Vessel Rules.

9.5.2 Inner Deck - Net Thickness (1 September 2012)
The net thickness of the inner deck plating, t,, is to be not less than needed to meet the hull girder

section modulus requirement in 3-2-1/3.7 of the Marine Vessel Rules. The buckling and ultimate
strength are to be in accordance with the requirements in 3-5/5. Additionally, the net thickness of
the inner deck plating, t,, is to be not less than ty, t,, t3 nor t4 specified as follows:

t; = 0.73s(kyp/ f1)? mm (in.)

t, = 0.73sk(k,p/f2)% mm (in.)

t3 cs(Smfy/E)l/z* mm (in.)
ty = 0.73sk(kpze/ )" mm (in.)

Where the inner deck plating is transversely stiffened locally, the net thickness of the inner deck
plating, t,, is to be not less than ts or tg, specified as follows:

ts = 0.73s:k(kop/ f)Y? mm (in.)
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te = 0.73s:k(kapge/)* mm (in.)

where

Pn

f1

f2

a3

Smr SmZ

Q' Qd

spacing of inner deck longitudinals, in mm (in.)

spacing of inner deck transverse stiffeners, in mm (in.)

0.342
(3.075ya—2.077)/(a¢+0.272) (1<a<2)
1.0 (a>2)

aspect ratio of the plate panel (longer edge/shorter edge)

pn in way of cargo tank

In no case is p to be taken less than 2.50 N/cm? (0.255 kgf/cm?, 3.626 Ibf/in?) for
cargo tank.

nominal pressure, in N/cm? (kgf/cm?Ibf/in?), as defined in 3-3/Table 3 for deck
plating.

permissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, 1bf/
in?)

[1.0—0.82a3]S,fy < 0.18S,.f),

permissible bending stress, in the transverse direction, in N/cm? (kgf/cm?, 1bf/in?)
0.80 Spfy

permissible bending stress, in N/cm? (kgf/cm?, 1bf/in?)

0.70 fy

SmeyZ/Smfy

strength reduction factor for the inner deck plating material under consideration
and the strength reduction factor for the upper flange (inner and upper deck) of the
hull girder, respectively

1.0 for ordinary strength steel
0.95 for H32 strength steel
0.908 for H36 strength steel

minimum specified yield point of inner deck plating material, in N/cm? (kgf/cm?,
1bf/in?)

minimum specified yield point of the upper flange (inner and upper deck) of the
hull girder, in N/cm? (kgf/cm?, 1bf/in?)

0.7N%>—0.2 , hot to be less than 0.37Q1/2
1/2

R4(Q/Q)"

(SMgps/SMp)*/?

material conversion factor for the inner deck plating under consideration and the
upper flange (inner and upper deck) of the hull girder, respectively

1.0 for ordinary strength steel

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 176




Chapter 3  Structural Design Requirements

Section 4 |Initial Scantling Criteria
= 0.78 for H32 strength steel
= 072 for H36 strength steel
E = modulus of elasticity of the material, may be taken as 2.06 x 10’ N/ecm? (2.1 x 10°

kgf/em?, 30 x 10° 1bf/in?) for steel

SMgpps =  reference net hull girder section modulus at upper deck at side for sagging
bending moment, based on the material factor of the upper flange (inner and upper
deck) of the hull girder, in cm®-m (in*-ft)

= 0.925Mg

SMg = required hull girder section modulus at upper deck at side in accordance with
3-4/3.5.1 for sagging total bending moment based on the material factor of the
upper flange (inner and upper deck) of the hull girder, in cm?-m (in?-ft).

SMp = net design hull girder section modulus amidships at the upper deck at side, in cm?-
m (in’-ft)

Pgc = Do+ Pgd)max N/em? (kgf/em?’, Ibf/in’)

Do = cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/in?)

Pga = aﬁZ[;k3plO_4 N/em? (kgf/em?, 1bf/in?)

ag = dimensionless acceleration, see 3-3/5.9.2

Zg = largest cargo tank liquid head in m (ft) above the point on the inner deck under
consideration, see 3-3/5.9.2

ks = 9.81(1.0, 69.44)

p = maximum cargo density, in N/m?® (kgf/m’, Ibf/ft’), at the design temperature, but p

is not to be taken less than 4900 N/m* (500 kgf/m’, 31.214 Ibf/ft)

Note:

* The net thickness, t3, may be determined based on S, and fy of the hull girder strength material required at the

location under consideration.

The t3 requirement for a floating offshore liquefied gas terminal may be adjusted based on the
ratio M,, where: M, = (maximum sagging still-water bending moment + sagging wave bending

moment for the on-site DEC)/(maximum sagging still-water bending moment + wave sagging
bending moment for North Atlantic environment). The sagging wave bending moment may be
obtained from 3-3/5.1.1.

M, Adjusted t3
M, <0.7 0.85*t3
0.7<M,.<1.0 Varies linearly between 0.85%t3 and t3
M.>1.0 1.0%t3

The net thicknessof the sloping side and tank top plates of the inner deck is also to comply with
the requirements for ¢, and ¢t in 3-4/13.1.

The required deck area is to be maintained throughout the midship 0.4L of the vessel. From these

locations to the ends of the vessel the deck area may be gradually reduced in accordance with
3-2-1/11.3 of the Marine Vessel Rules.
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9.5.3 Underdeck Passageway (Second Deck) - Net Thickness
The net thickness of the passage deck is to be not less than tq, ty, t3, nor ty, as specified below:

t; = 9.0 mm for L > 200 m
= 0.02L + 5.0 mm for200m =L = 150 m
t; = 0.3541in. for L = 656 ft

= 0.00024L + 0.2 in. for 656 ft > L = 492 ft

t2= 0.73s(kyp/f1)"/* mm (in.)
t3 = 0.73sk(kyp/f7)'/? mm (in.)

ty = cs(Smfy/E)l/2 mm (in.)

where

s = spacing of longitudinals, in mm (in.)

kq = 0342

kz = 0.50

k = B.075@Y*=2.077)/(a+0 (A =as2)

.272)
= 1.0 (a>2)

a = aspect ratio of the panel (longer edge/shorter edge)
D = pg— Pun, in N/em? (kgf/cm?, 1bf/in?)

Dg is nominal pressure, in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-3/Table 3.
Pun 1s also defined in 3-4/7.3.1.

¢ = 0.7N?>=0.2,not to be less than 0.2

N T R/ /1

Raq = (SMgps/SMp)'/?

f1 = pezlgmissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, 1bf/

in

= [1.0-0.67a,(SMpp/SMp)(Y/Y)ISmfy < 0.655,fy

1o =  permissible bending stress, in the transverse direction, in N/cm? (kgf/cm?, 1bf/in?)
= 0.90S,f,

ay = Smafy2/Smfy

Sm = strength reduction factor of the longitudinal bulkhead plating
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Yn =

SMRD =

SM =

SMgps =

SMS =

SMD =

strength reduction factor for the upper flange (inner and upper deck) of the hull
girder

minimum specified yield point of the second deck plating, in N/em? (kgf/cm?,
Ibf/in?)

minimum specified yield point of the upper flange (inner and upper deck) of the
hull girder, in N/ecm? (kgf/cm?, Ibf/in®)

material conversion factor for the second deck plating and the upper flange (inner
and upper deck) of the hull girder, respectively

vertical distance, in m (ft), measured from the second deck plating under
consideration to the neutral axis of the hull girder section

vertical distance, in m (ft), measured from the upper deck at side to the neutral
axis of the hull girder section

reference net hull girder section modulus at upper deck at side based on material
factor of the upper flange (inner and upper decks) of the hull girder, in cm*m (in’-
ft)

0.925M

required gross hull girder section modulus at upper deck at side in accordance
with 3-4/3.5.1, based on the material factor of the upper flange (inner and upper
decks) of the hull girder, in cm?-m (in?-ft)

reference net hull girder section modulus at upper deck at side for sagging
bending moment, based on the material factor of the upper flange (inner and upper
deck) of the hull girder, in cm?-m (in*-ft)

0.92S5Mj

required hull girder section modulus at upper deck at side in accordance with
3-4/3.5.1 for sagging total bending moment based on the material factor of the
upper flange (inner and upper deck) of the hull girder, in cm?-m (in’-ft).

net design hull girder section modulus amidships at the upper deck at side, in cm?-
m (in’-ft)

9.7 Deck and Side Longitudinals (71 June 2014)

The net section modulus of each individual side or deck longitudinal, in association with the effective
plating to which it is attached, is to be not less than obtained from the following equation:

SM=M/f, cm3(in®)

where

M = 1000ps?/k N-cm (kgf-cm, Ibf-in)

k = 12(12,83.33)

p = Pg— PuocOr Db whichever is greater, for side longitudinals, in

= Pn—Pun

= DPn

N/em? (kgf/em?, Ibf/in?)

for second deck longitudinals in ballast tank, in
N/em? (kgf/cm?, 1bf/in?)

for deck longitudinal in cargo tank, in N/cm?
(kgf/cm?, 1bf/in%)
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In no case is p to be taken less than 2.06 N/cm? (0.21 kgf/cm?, 2.987 1bf/in?) for ballast tank
and void space, nor 2.50 N/cm? (0.255 kgf/cm?, 3.626 1bf/in?) for cargo tank.

PwPp = nominal pressures, in N/cm? (kgf/cm?, 1bf/in?), as defined in load case “a” and “b”, at the
side longitudinal considered, in 3-3/Table 3 for side longitudinals, respectively
Pn = nominal pressure, in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-3/Table 3 for deck
longitudinals.
Puo = 0. 24y(h£wtbwttan¢etanee)1/ 3 where £,,; = 0.20L
= 0 where £,,; < 0.15L

Linear interpolation is to be used for intermediate values of ;.

Where the top of the double side ballast tank does not extend to the exposed deck, p,,, is to
be taken as zero.

Pun = 0.12y(ht,tand,) /> where £, = 0.20L
= 0 where £,,; < 0.15L
Linear interpolation is to be used for intermediate values of ;.

Where the top of the double side ballast tank does not extend to the exposed deck, p,, is to
be taken as zero.

% = specific weight of the ballast water, 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 1bf/in-ft)
h = height of double side ballast tank at vessel’s side, in m (ft)
Lot = length of double side ballast tank in m (ft) measured at the top of the tank
L = scantling length of vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel Rules
b, = effective pitch amplitude, as defined in 3-3/5.7.2 with Cy = 0.7
0, = effective roll amplitude, as defined in 3-3/5.7.2 with C; = 0.7

= spacing of longitudinals, in mm (in.)
? = span of the longitudinal between effective supports, as shown in 3-4/Figure 3, in m (ft)
fb = permissible bending stresses, in N/cm? (kgf/cm?, Ibf/in?)

= [1.0-0.82a(SMpp/SMp)(Y/y)ISmfy < 0.60S,f), for upper deck longitudinal
= [1.0-0.82a(SMpp/SMp)(y/y)1Smfy < 0.30S,.f), for inner deck longitudinal
= [1.0-0.67a,(SMpp/SMp)(Y/y)ISmfy < 0.455,f), for second deck longitudinal

= 1.0[0.86—0.52a1(SMgp/SMp)(y/y)1Smfy < fmax for side longitudinals below
neutral axis

= 2.0[0.86 —0.52a,(SMpp/SMp) (Y /Y )ISmfy < fmax for side longitudinals above
neutral axis

fmax = 0.758,f, 0.4L amidships
= 0.90S,fy Aft end to the aftpeak bulkhead
= 0.85S,fy Forepeak bulkhead to the fore end

Linear interpolation is to be used for the intermediate location.

ar = 5‘meyZ/Smfy
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Sm fy and ay are as defined in 3-4/7.5.

Sm2 = strength reduction factor as obtained from 3-4/7.3.1 for the steel grade of upper flange
(inner and upper decks) of the hull girder.

fy2 = minimum specified yield point of the upper flange (inner and upper decks) material of the
hull girder, in N/cm? (kgf/cm?, Ibf/in®)

SMpp =  reference net hull girder section modulus at upper deck at side based on the material factor
of the upper flange (inner and upper decks) of the hull girder, in cm?-m (in*-ft)

= 0.925M
SMp = netdesign hull girder section modulus at upper deck at side, in cm*-m (in>-ft)

SMpp and SMp, are as defined in 3-4/7.3.1.

y = vertical distance in m (ft) measured from the neutral axis of the hull girder section to the
longitudinal under consideration at its connection to the associated plate but need not to be
taken greater than a distance to the upper deck or inner deck at side, respectively

SM = required hull girder section modulus at upper deck at side in accordance with 3-2-1/3.7 and
3-2-1/5.5 of the Marine Vessel Rules, based on the material factor of the upper flange (inner
and upper decks) of the hull girder, in cm?-m (in*-ft).

vy, =  vertical distance, in m (ft), measured from the upper deck at side to the neutral axis of the

section.

The net section modulus of inner deck longitudinals located outboard of 0.3B from the centerline of the
tank is also to be not less than SM; of the uppermost longitudinal on the upper sloping bulkhead required

by 3-4/13.5 adjusted for the span and spacing of the longitudinal and the material factors.

In addition, each inner deck longitudinal is also to have a section modulus, SM, not less than obtained from
the following equations:

SM = cycK1M/f) cm3(in3)

M = 1000p,s¢°/k N —cm(kgf — cm,Ibf —in.)

where
k= 12(12,83.33)
s = spacing of longitudinals, in mm (in.)
£ = span of the longitudinal between effective supports, as shown in 3-4/Figure 3, in m (ft)
Cgc =  adjustment factor for corrosion of longitudinals in tanks
= 090
= adjustment factor for corrosion of longitudinals in void spaces
= 0%
K; = 09
Pgc = Dot Pgd)max N/em? (kgf/em?’, Ibf/in’)
P, =  cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-1/3.11
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Pgd =  apZgksp10~* Niem® (kgfleny’, Ibf/in%)
ag =  dimensionless acceleration, see 3-3/5.9.2
Zg =  largest cargo tank liquid head, in m (ft), above the point on the inner deck longitudinal under
consideration, see 3-3/5.9.2
ks = 9.81(1.0, 69.44)
p = maximum cargo density, in N/m* (kgf/m®, Ibf/ft’), at the design temperature, but p is not to be
taken less than 4900 N/m* (500 kgf/m?, 31.214 1bf/ft’)
f, =  permissible bending stresses, in N/cm? (kgf/cm?, 1bf/in?)
= Sgely
Sge = 0.64 for ordinary strength steel
= 0.53 for Grade H32
= 052 for Grade H36

In determining compliance with the foregoing, an effective breadth, b,, of attached plating is to be used in
the calculation of the section modulus of the design longitudinal. b, is to be obtained from line b) of 3-4/
Figure 4.

The net moment of inertia about the neutral axis of deck longitudinals and side longitudinals within the
region of 0.1D; from the upper deck, in association with the effective plating (b,,.t,), is to be not less

than obtained from the following equation:

ip = kAL’f,/E  cm*(in®)

where
k= 12201220, 17.57)
A, = netsectional area of the longitudinal with the associated effective plating b, t,, in cm? (in?)
by, = c¢s
¢ = 2.25/B—1.258* forf=1.25
= 1.0 forf <1.25
b= B/,
t, = netthickness of the plate, in mm (in.)
Ds = depth from the bottom to the upper deck at side, in m (ft).

{,s, and fy are as defined in 3-4/7.5.

E is as defined in 3-4/7.3.1.
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11

11.1

11.3

Side Shell and Deck - Main Supporting Members

General (2018)

The main supporting members, such as transverses and girders, are to be arranged and designed with
sufficient stiffness to provide support to the vessel’s hull structures. In general, the deck transverses, side
transverses and bottom floors are to be arranged in one plane to form continuous transverse rings. Deck
girders, where fitted, are to generally extend throughout the cargo tank spaces and are to be effectively
supported at the transverse bulkheads. For deck girders and transverses with partial girders in way of
transverse/cofferdam bulkheads, the minimum scantlings are alternatively determined from a grillage
analysis or finite element analysis.

Generous transitions are to be provided at the intersections of main supporting members to provide smooth
transmission of loads and to minimize the stress concentrations. Abrupt changes in sectional properties and
sharp re-entrant corners are to be avoided. It is recommended that the intersection of the inner skin and
inner bottom be accomplished by using generous sloping or large radiused bulkheads.

The thickness of the main supporting members required by this Guide is considered as the requirements of
initial scantlings for deck transverses, deck girder, side transverses, side stringers and horizontal and
vertical webs on transverse bulkheads, and may be reduced provided that the strength of the resultant
design is verified with the subsequent total strength assessment in Chapter 3, Section 5. The structural
properties of the main supporting members are to comply with the failure criteria specified in 3-5/3.

Deck Transverses
11.3.1 Depth of Double Deck

In general, the depth of the double deck at the vessel’s centerline is to be not less than 80 mm/m
(0.96 in./ft) of the span, €4, of the double deck transverse as shown in 3-4/Figure 6 and is to be of

sufficient depth to provide ready access.

11.3.2 Web Thickness of Deck Transverses

The net web thickness of deck transverses is to be not less than obtained from the following
equations:

ty = F1/(k1d:fs) mm (in.) but need not be taken less than 9.0 mm (0.35 in.)

where
Fy = shear force in the double deck transverse, as obtained from the equation given below.
The required scantling ¢, may be reduced to 85%, but need not be taken less than 9.0
mm (0.35 in.), provided the strength is verified in the total strength assessment:
= 600kyB,p€454 N (kgf, 1bf)
ky = 10.0(10.0, 12.0)
k, = 1.0(1.0,2.24)
B2 = 2(z/4a)
d; = actual depth of the double deck transverse, in m (ft), as defined in 3-4/Figure 6
p = nominal pressure at the mid-span of the double deck transverse at the mid-hold
location, in kN/m? (tf/m?, Ltf/ft*), as specified in 3-3/Table 3.
In no case is p to be taken less than 2.05 N/cm? (0.255 kgf/cm?, 3.626 1bf/in?)
£4 = span of the double deck transverse, in m (ft), as shown in 3-4/Figure 6

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 183




Chapter 3  Structural Design Requirements

Section 4 |Initial Scantling Criteria
z = distance from the centerline of the span of the double deck transverse, £, to the
location of the double deck transverse under consideration, in m (ft), as shown in 3-4/
Figure 6
sq = spacing of the double deck transverse under consideration, in m (ft)
fs = permissible shear stresses, in N/em? (kgf/cm?, 1bf/in?)
= 0.45 S,f,
fy = minimum specified yield point of the material, in N/em® (kgf/cm?, Ibf/in)
Sm =  strength reduction factor
= 1.0 for ordinary strength steel
= 0095 for H32 strength steel
= 0.908 for H36 strength steel

In addition to the above requirement, the net thickness of the double deck transverses is to be not
less than t; as specified below:

ty = Fa/(kadifs) mm (in.)

where
F, = shear force in the deck transverse, as obtained from finite element analyses, as
specified in 3-5/9 with the additional IGC load cases in 3-5/9.7
ky, = 10.0(10.0, 64.3)
Pge = Dot (Pga)max Nlem® (kgflcm?, 1bf/in’)
p, = cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-1/3.11
Pgd =  apZgkzp10~* Niem? (kgflen??, Ibf/in?)
ag = dimensionless acceleration, see 3-3/5.9.2
Zg = largest cargo tank liquid head, in m (ft), above the point on the inner deck at the mid-
span of the double deck transverse (€,;) at the mid-hold, see 3-3/5.9.2
ks = 9.81(1.0, 69.44)
p = maximum cargo density, in N/m* (kgf/m’, Ibf/ft’), at the design temperature, but p is
not to be taken less than 4900 N/m?® (500 kgf/m’®, 31.214 Ibf/ft®)
fs = permissible shear stresses, in N/em? (kgf/cm?, 1bf/in?)
= 0.5f,

All other parameters are also defined as above.

11.5 Deck Girders
11.5.1 Web Thickness of Deck Girder (2018)
The net web thickness of deck girders is to be not less than obtained from the following equation:
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o~
[aN
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Yn =

0.012L+7.2 mm

0.144Lx 107> +0.283 in.
but t; need not be taken greater than 10.5 mm (0.413 in.)

F1/(kidgfs) mm (in.)

cs(Smfy/E)? mm (in.)

shear force in the double deck girders, as obtained from the equation given below. The
required scantling t, may be reduced to 85% provided the strength is verified in the

total strength assessment:
400kpa1y1p?ssg N (kgf, 1bf)
0.88—0.194(¢,/4y)
2(x/¥)

actual depth of the double deck girder under consideration, in m (ft) , as defined in 3-4/
Figure 6

span of the double deck girder, in m (ft), as shown in 3-4/Figure 6
span of the double deck transverse, in m (ft), as shown in 3-4/Figure 6

longitudinal distance from the mid-span of unsupported span () of the double deck
structure to the location of the deck girder under consideration, in m (ft)

sum of one-half of fully extended deck girder spacing on both sides of the deck girder
under consideration, in m (ft)

0.7N*>—=0.2 , hot to be less than 0.4001/2

spacing of longitudinals, in mm (in.)

permissible shear stresses, in N/cm? (kgf/cm?, 1bf/in?)

0.45S,,f,

strength reduction factor, obtained from 3-4/7.3.1 for the steel grade of the deck girder

minimum specified yield point of the material for the deck girder, in N/em?® (kgf/cm?,
1bf/in%)
1/2
Ral(Q/Q /1"
material conversion factor defined in 3-4/5 for the deck girder under consideration

vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the upper edge of the deck girder under consideration

vertical distance, in m (ft), measured from the upper deck at side to the neutral axis of
the section

The net thickness, t3, may be determined based on Sy, and f), of the hull girder strength material

required at the location under consideration.

E is as defined in 3-4/7.3.1 R, and Qg are as defined in 3-4/9.1.
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All other parameters are also defined in 3-4/11.3.2.

In addition to the above requirement, the net thickness of the deck girder is to be not less than t,
as specified below:

ty = Fp/(ksdyfs) ~mm(in.)

where
F, = shear force in the deck girder, as obtained from finite element analyses, as specified in
3-5/9 with the additional IGC load cases in 3-5/9.7
ky, = 10.0(10.0, 64.3)
fs = permissible shear stresses, in N/em? (kgf/cm?, 1bf/in?)

= 0.5f,
All other parameters are defined as above and in 3-4/11.3.2.

11.7 Side Transverses
11.7.1 Width of Double Side

In general, the width of the double side is to be not less than 120 mm/m (1.44 in/ft) of the span, #;,

of the double side transverse as shown in 3-4/Figure 6 and is to be of sufficient width to provide
ready access.

11.7.2 Web Thickness of Double Side Transverses
The net thickness of double side transverses is to be not less than obtained from the following

equation:
ty = 0.0I12L+72 mm
= 0.144L x 10° +0.283 in.
but t1 need not be taken greater than 10.5 mm (0.413 in.)
t = Fq1/(kidsfs) mm(in.)
where
L = length of the vessel, in m (ft), as defined in 3-1-1/3.1 of the Marine Vessel Rules
F{ = shear force in the double side transverse, as obtained from the equation given below.
The required scantling t, may be reduced to 85% provided the strength is verified in
the total strength assessment:
= 560k,8,pt:s: N (kgf, 1bf)
ky = 10.0(10.0, 12.0)
k, = 1.0(1.0,2.24)
B, = 1-1.6(y:/%) fory, /€, <0.25

= 06 for 0.25 < y,/£, < 0.9
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= _03+(yt/‘€t) foryt/ft20.9

d, = actual depth of the double side transverse, in m (ft) , as defined in 3-4/Figure 6
p = nominal pressure at the mid-span of the double side transverse at the mid-hold
location, in kN/m? (tf/m?, Ltf/ft*), as specified in 3-3/Table 3.
¢ = span of the double side transverse, in m (ft), as shown in 3-4/Figure 6
y; = distance from the lower end of the double side transverse to the location under
consideration, in m (ft), as shown in 3-4/Figure 6
s = spacing of the double side transverse under consideration, in m (ft)
fs = permissible shear stresses, in N/cm? (kgf/cm?, 1bf/in?)
= 0.455,f,
fy = minimum specified yield point of the material, in N/cm® (kgf/cm?, Ibf/in’)
Sm =  strength reduction factor
= 1.0 for ordinary strength steel
= 095 for H32 strength steel
= 0.908 for H36 strength steel

In addition to the above requirement, the net thickness of the double side transverses is to be not
less than t3 as specified below:

t3 = Fp/(k4dsfs) mm(in.)

where
F, = shear force in the side transverse, as obtained from finite element analyses, as specified
in 3-5/9 with the additional IGC load cases in 3-5/9.7
ky, = 10.0(10.0, 64.3)
Pgc = Po+ Pgd)max N/em? (kgf/em?’, Ibf/in’)
P, = cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-1/3.11
bPga = agZ ﬁk3p10_4 N/em? (kgf/cm?, 1bf/in?)
ag = dimensionless acceleration, see 3-3/5.9.2
Zg = largest cargo tank liquid head in m (ft) above the point on the inner skin bulkhead at
the mid-span of the double side transverse (¥;) at the mid-hold, see 3-3/5.9.2
ks = 9.81(1.0, 69.44)
p = maximum cargo density, in N/m* (kgf/m’, Ibf/ft’), at the design temperature, but p is
not to be taken less than 4900 N/m?® (500 kgf/m’®, 31.214 Ibf/ft®)
fs = permissible shear stresses, in N/cm? (kgf/cm?, 1bf/in?)
= 0.5f,
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All other parameters are also defined as above.

11.7.3

The net thickness of the web portions of side transverses in the bilge part and the top side part is to
be not less than t; as required in 3-4/11.7.2 above and the net thickness in the lower portion of the

bilge part is also to be not less than t; as required in 3-4/7.7.4.

11.9 Side Stringers
11.9.1 Side Stringers
The net thickness of side stringers in double side structures is not to be less than tq,t, or t3 as
specified below:

t

Y1
B>

0.012L+7.2 mm

0.144L x 107 +0.283 in.
but t1 need not be taken greater than 10.5 mm (0.413 in.)
Fy/(kidsfs) mm (in.)

cs(Smfy/E)!/* mm (in.)

shear force in the double side stringer, as obtained from the equation given below. The
required scantlingt, may be reduced to 85% provided the strength is verified in the total

strength assessment:
240kzy1B2p%:5s N (kef, 1bf)
—0.5+43(x/45) =0.6

2.5(ys/hs) fory,/hs < 0.4
1.0 for0.4 <y,/hs <0.75
4(1 —y,/hy) for ys/hs = 0.75

actual depth of the side stringer, in m(ft), as defined in 3-4/Figure 6

longitudinal distance from the mid-span of the side stringer to the location under
consideration, in m (ft)

distance from the inner bottom to the side stringer under consideration, in m (ft), as
shown in 3-4/Figure 6

distance from the inner bottom to the upper deck at side, as shown in 3-4/Figure 6
span of the side stringer, in m (ft), as shown in 3-4/Figure 6

sum of one half of fully extended stringer spacing on both sides of the side stringer under
consideration, in m (ft)

Spacing of the side stringers at the upper corner of the lower sloping bulkhead and the
lower corner of the upper sloping bulkhead is to be taken s, and s, as defined in 3-4/

Figure 6, respectively.

0.7N*—-0.2 , not to be less than 0.3001/2
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11.9.2

s = spacing of longitudinals, in mm (in.)
fs = permissible shear stresses, in N/cm? (kgf/cm?, Ibf/in?)
= 0.45 S,f,

Sn = strength reduction factor, obtained from 3-4/7.3.1 for the steel grade of the side stringer

fy = minimum specified yield point of the side stringer material, in N/em® (kgf/cm?, 1bf/in’)
N = p A0/00)(y /}’n)]l/ 2 for side stringers above neutral axis
= R,[(Q/0y)(y /Yn)]l/ 2 for side stringers below neutral axis

= material conversion factor in 3-4/5 for the side stringer under consideration

y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the side stringer under consideration

The net thickness, t3, may be determined based on S,,, andf,, of the hull girder strength material
required at the location under consideration.

E, Ry and Qy, are as defined in 3-4/7.3.1R, Q4 and y,, are as defined in 3-4/9.1.

All other parameters are also defined in 3-4/11.7.2.

In addition to the above requirement, the net thickness of the side stringers is to be not less than t4
as specified below:

ty = Fa/(ksdsfs) ~mm(in.)

where

F, = shear force in the side stringers, as obtained from finite element analyses, as specified
in 3-5/9 with the additional IGC load cases in 3-5/9.7

ky = 10.0(10.0, 64.3)
fs

permissible shear stresses, in N/cm? (kgf/cm?, 1bf/in?)

= 0.5f,
All other parameters are defined as above and in 3-4/11.7.2.

Watertight Side Stringer
Where the side stringer forms tank boundaries, the net thickness of the boundary plating is also to
be not less than t5 and t¢ specified as follows in addition to in 3-4/11.9.1:

ts=0.73s(kyp/f1)*? mm(n.)

te=0.73sk(kp/f2)"/* mm(in.)

where
s = spacing of longitudinals, in mm (in.)
ki = 0342
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k, = 0.50
k = (3.075(a)"/*-2.077)/(a +0.272) (1<a<2)
= 1.0 (a>2)
a = aspect ratio of the panel (longer edge/shorter edge)

P = Pg— Pup in Ncm? (kgf/cm?, 1bf/in?)

Pg is nominal pressure, in N/em? (kgf/cm?, 1bf/in?), as defined in 3-3/Table 3 for watertight side
stringer.

Pun 1s also defined in 3-4/7.3.1.

f1 = permissible bending stress, in the longitudinal direction, in N/cm? (kgf/cm?, Ibf/in?)
= [1.0—-0.67a1(SMgg/SMp)(y/¥yw) below neutral axis
1Smfy < 0.65S,.fy
= [1.0—-0.67a3(SMgpp/SMp)(¥/Vn) above neutral axis
1Smfy < 0.655,.f,
f> = permissible bending stress, in the transverse direction, in N/cm? (kgf/cm?, Ibf/in?)
= 0.90S,.fy
a = Smlfyl/smfy
Sm =  strength reduction factor obtained from 3-4/7.3.1 for the inner bottom
Sm1 =  strength reduction factor obtained from 3-4/7.3.1 for the bottom flange of the hull
girder
fy = minimum specified yield point of the inner bottom, in N/em® (kgf/cm?, Ibf/in’)
fy1 = minimum specified yield point of the bottom flange of the hull girder, in N/cm?
(kgf/cm?, 1bf/in?)
y = vertical distance, in m (ft), measured from the inner bottom to the neutral axis of the

hull girder section

vy, = vertical distance, in m (ft), measured from the bottom to the neutral axis of the hull
girder section

SMpp, SMp, Rp, @p and E are as defined in 3-4/7.3.1.

11.11 Side Frame
11.11.1 Side Frame
For floating liquefied gas terminals having topside tanks and bottom wing tanks with single side

structure, the section modulus, SMg, in cm® (in), is not to be less than that obtained from the
following equation:

SMp=2.7sh£7Q  cm®

SMp = 0.00143shy£7Q i’

where
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s = frame spacing, in m (ft)
hl = 1.19 C1+P(ds—h1,)m
= 3.9044 Ci+P(ds—hy) ft

P = (dp—ds;+0.714Cy)/(dp—ds) m  for h, < d
= (dp—ds+2.342C))/(dp—dy) it for h, < d
= 1.0 for hy, > d;
dy, = draft amidships for full load condition, in m (ft)
h, = distance from base line to the mid-span of the side frame , in m (ft)

dp = bilge radius, in m (ft)

C1 = asdefinedin 3-3/5.1.1

¢f = unsupported span of frames, in m (ft), as shown in 3-4/Figure 6d

Q = material conversion factor in 3-4/5.1 for the side frame under consideration

11.11.2 Frame Section

Frames are to be fabricated as symmetrical sections with integral upper and lower brackets. Their
brackets are to be soft toed. The side frame flange is to be curved (not knuckled) at the transition
to integral brackets. The radius of curvature is not to be less than r, in mm (in.), given by:

0.4b/%

r=—
Where by and ty are the flange width and net flange thickness of the brackets, respectively, in mm
(in.). The end of the flange is to be sniped.

The web depth to thickness ratio is to comply with the proportion limits given in 3-A2/11.9. The
ratio of outstanding flange breadth to thickness is not to exceed 10/+/Q.

11.11.3 Section Modulus of Brackets

The net section modulus of the lower and upper brackets at the top of the lower wing tank and the
bottom of the upper wing tank, as indicated in 3-4/Figure 6d, in association with the effective shell
plating to which they are attached, is not to be less than obtained from the following equation:

SMg = c3h3”SMp/(c1€5) in em® (in’)

where
Cy = 1.1
hs = vertical distance, in m (ft), between the top of lower wing tank and the bottom of
upper wing tank as shown in 3-4/Figure 6d
SMr = required net section modulus of the side frame in 3-4/11.11.1
c1 = 1-4(d/¥;) =0.65

Brackets are to be fitted in the lower and upper wing tanks in line with every side frame. These
brackets are to be stiffened against buckling.
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11.13 Web Stiffeners and Tripping Brackets

11.15

11.13.1 Web Stiffeners

In general, web stiffeners are to be fitted for the full depth of the webs of the main supporting
member at every longitudinal.

Special attention is to be given to the stiffening of web plate panels close to change in contour of
the web or where higher strength steel is used.

Web stiffener attachment to the deep webs, longitudinals, and stiffeners is to be effected by
continuous welds.

Where depth/thickness ratio of the web plating exceeds 200, a stiffener is to be fitted parallel to
the flange or face plate at approximately one-quarter depth of the web from the flange or face
plate.

Alternative system of web-stiffening of the main supporting members may be considered based on
the structural stability of the web and satisfactory levels of the shear stresses in the welds of the
longitudinals to the web plates.

11.13.2 Tripping Bracket

Tripping brackets, arranged to support the flanges, are to be fitted at intervals of about 3 m (9.84
ft), close to any changes of section, and in line with the flanges of struts.

Slots and Lightening Holes

When slots and lightening holes are cut in transverses, webs, floors, stringers and girders, they are to be
kept well clear of other openings. The slots are to be neatly cut and well rounded. Lightening holes are to
be located midway between the slots and at about one-third of the depth of the web from the shell, deck or
bulkhead. Their diameters and the depth of the slots for longitudinals are not to exceed one-third the depth
of the web. In general, lightening holes are not to be cut in those areas of webs, floors, stringers, girders,
and transverses where the shear stresses are high. Similarly, slots for longitudinals are to be provided with
filler plates or other reinforcement in these same areas. Where it is necessary to cut openings in highly
stressed areas, they are to be effectively compensated. Continuous fillet welds are to be provided at the
connection of the filler plates to the web and at the connection of the filler plate to the longitudinals.

ABS GUIDE FOR BUILDING AND CLASSING FLOATING OFFSHORE LIQUEFIED GAS TERMINALS - 2024 192



Chapter 3  Structural Design Requirements
Section 4 |Initial Scantling Criteria

FIGURE 6
Definition of Parameters for Deck and Side Structure
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13

13.1

FIGURE 7
Effectiveness of Brackets
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Where face plate area on the member is Where face plate area on the member is not
carried along the face of the bracket. carried along the face of the bracket, and where

the face plate area on the bracket is at least one-
half the face plate area on the member.

Brackets are not to be considered effective beyond the point where the arm of the girder or web is 1.5
times the arm on the bulkhead or base.

Longitudinal and Transverse Bulkheads

Longitudinal Bulkhead Plating
The net thickness of the longitudinal bulkhead plating, in addition to complying with 3-4/5.5, is to be not
less than ty, t, t3, nor t4, as specified below:
_ 1/2 .
t1=0.73s(kip/f1) mm (in.)
_ 1/2 .
ty; =0.73sk(kap/f2) mm (in.)
ts = cs(Sufy/E)'/? mm (in.)
_ 1/2 .
ty = 0.73sk(kspgc/f) mm (in.)

Where the inner skin bulkhead plating is transversely stiffened locally, the net thickness of the bulkhead
plating is not to be less than ts or tg in lieu ofty, ¢, t3 and ty, as specified below:

ts = 0.73sk(kyp/f2)*? mm (in)

te = 0.73s:k(kspge/)* mm (in.)

but not less than 9.5 mm (0.37 in.) where

s = spacing of longitudinal bulkhead longitudinals, in mm (in.)
s =  spacing of transversely stiffened bracket, in mm (in.)

ki = 0342

k, = 05
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ks = 05
k= (3.075(0)1/2-2.077)/(a+0.272) 1<a<?2)
= 1.0 (a>2)
a = aspect ratio of the panel (longer edge/shorter edge)
p =  pressure at the lower edge of each plate, p;, or maximum slosh pressure, p,, whichever is

greater, in N/cm? (kgf/cm?, 1bf/in?).

In no case is p to be taken less than 2.06 N/cm?® (0.21 kgf/cm?, 2.987 Ibf/in*) for ballast tanks nor 2.50
N/em? (0.255 kgf/em?, 3.626 1bf/in®) for cargo tanks.

Pi = Pn in cargo tanks, in N/cm?* (kgf/cm?, 1bf/in*)

P — Puo in ballast tanks, in N/cm? (kgf/cm?, 1bf/in?)

Py is nominal pressure, in N/cm?® (kgf/cm?, 1bf/in?), at the lower edge of each plate, as defined in 3-3/Table
3 for longitudinal bulkhead plating.

Duo 1s defined in 3-4/9.1.

The net thickness, t3, may be determined based on S, and f, of the hull girder strength material required
at the location under consideration.

Ds = kgpjs , not to be taken less than kspis(mia)
Dis = nominal slosh pressure, as specified in 3-3/11.5.1
Distmia)y =  nominal slosh pressure at the mid-tank of the bulkhead at the same height at the point
under consideration
ks = 1.0
f1 = permissible bending stress, in the longitudinal direction, in N/ecm? (kgf/cm?, 1bf/in?)
= [1-0.282/B—0.52a1(SMgp/SMp)(y/Y)ISmfy below neutral axis
= [1-0.282/B—0.52a5(SMpp/SMp) (Y /Yy )1Smfy above neutral axis
ay = Smfy1/Smfy
ay = Smafy2/Smfy
Sm = strength reduction factor for the material of the longitudinal bulkhead plating obtained
from 3-4/7.3.1
fy = minimum specified yield point of the longitudinal bulkhead plating, in N/cm? (kgf/cm?,
1bf/in?)
z = transverse distance, in m (ft), measured from the centerline of the section to the bulkhead
strake under consideration
Yn = vertical distance, in m (ft), measured from the deck (bottom) to the neutral axis of the
section, when the strake under consideration is above (below) the neutral axis.
fa = permissible bending stress, in the vertical direction, in N/cm? (kgf/cm?, 1bf/in?)
= 0.855,f)
¢ = 0.7N*-0.2
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1/2

c for the top strake is not to be taken less than 0.4Q "/ “, but need not be greater than 0.45.

c for other strakes is not to be taken less than 0.33, but need not be greater than

0. 45(Q/Q,,l)1/2 for the strake above the neutral axis nor 0. 45((2/Qb)1/2
below the neutral axis.

for the strake

N = Ry [(Q/0D(/ yn)]l/ 2 for strake above the neutral axis
= R[(Q/0) Y/ yn)] 1/2 for strake below the neutral axis
y = vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse

section to the upper edge (lower edge) of the bulkhead strake, when the strake under
consideration is above (below) the neutral axis for N

= vertical distance, in m (ft), measured from the neutral axis of the hull girder transverse
section to the lower edge of the bulkhead strake under consideration for f;.

Q = material conversion factor in 3-4/5.1 for the longitudinal bulkhead plating

B = breadth of vessel, in m (ft), as defined in 3-1-1/5 of the Marine Vessel Rules.

Pgc = Do+ (Pga)max Nlem® (kgf/cm?, 1bf/in’)

Po = cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/in?), as defined in 3-1/3.11

Pgd - agZ ﬁk3p10_4 N/em? (kgf/em?, 1bf/in?)

ag =  dimensionless acceleration, see 3-3/5.9.2

Zg = largest cargo tank liquid head, in m (ft), above the point on the inner skin bulkhead plates
under consideration, see 3-3/5.9.2

k3 = 9.81(1.0, 69.44)

p = maximum cargo density, in N/m? (kgf/m?, Ibf/ft’), at the design temperature, but p is not to
be taken less than 4900 N/m? (500 kgf/m?, 31.214 Ibf/ft’)

f = permissible bending stress, in N/cm? (kgf/cm?, Ibf/in®)

= 0.75f,

SMpp, SMp, Rp, Q) and E are as defined in 3-4/7.3.1.
St and fq are as defined in 3-4/7.5.
R4 and Qg are as defined in 3-4/9.1.

SMpgp, SMp, Synz and fy are as defined in 3-4/9.5.

13.3 Transverse Bulkhead Plating
The net thickness of transverse bulkhead plating is to be not less than t as specified below:

t=0. 73sk(k2p/f2)1/2 mm (in.) but not less than 9.5 mm (0.37 in.)

where
s = spacing of transverse bulkhead stiffeners, in mm (in.)
kz = 0.50
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k= 3.075(@)'*-2.077)/(a+0.272) (1=a=2)
= 10 (a>2)
a = aspect ratio of the panel (longer edge/shorter edge)
p =  p;or maximum slosh pressure, p,, whichever is greater, in N/cm? (kgf/cm?, 1bf/in?)

In no case is p to be taken less than 2.06 N/em? (0.21 kgf/em?, 2.987 1bf/in?) for ballast tanks nor 2.50
N/em? (0.255 kgf/em?, 3.626 1bf/in?) for cargo tanks.

Pi = Pn in cargo tanks, in N/em? (kgf/cm?, 1bf/in?)

Pn — Pun in ballast tanks, in N/cm? (kgf/cm?, 1bf/in?)

Pn is nominal pressure, in N/cm?* (kgf/cm?, 1bf/in®), at the lower edge of each plate, as defined in 3-3/Table
3 for transverse bulkhead plating.

Pun 1 defined in 3-4/7.3.1.

Ds = kgpjs , not to be taken less than kspis(mia)
Dis = nominal slosh pressure, as specified in 3-3/11.5.1
Pisgniay =  nominal slosh pressure at the centerline of the bulkhead at the same height as the point
under consideration.
ks = 1.0
fa = permissible bending stress, in N/cm? (kgf/cm?, 1bf/in?)
= 0.855,f,

Sm and f, are as defined in 3-4/7.3.1.

The net thickness of transverse bulkhead plating in the center tank, outboard of 0.3B from the centerline
of the tank, is also to be not less than as obtained from the above equation with the following substituted

for p and f5:

p = nominal pressure, in N/cm?® (kgf/cm?, 1bf/in?) as specified for inner skin longitudinal bulkhead
structure (item 6 case a) in 3-3/Table 3, at the lower edge level of each transverse bulkhead
plate.

f2 = Swufy,inNem?® (kgficm?, 1bf/in’)

In addition to the above requirements, the net thickness of the transverse bulkhead plating in the cargo tank
is not to be less than t as specified below:

t = 0.73sk(kpze/ )" mm (in.)

where

s = spacing of stiffeners, in mm (in.)

ko, = 050

Pgc = Dot Pgd)max N/em? (kgf/em?’, Ibf/in’)
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P, =  cargo tank design vapor pressure in N/cm? (kgf/cm?, 1bf/i