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Foreword

In association with the harmonization of the Common Structural Rules (CSR) for Bulk Carriers and Oil Tankers, on
1 July 2015, the three Sub-parts, 5A, 5B, and 5C, of Part 5 of the Rules for Building and Classing Steel Vessels are

as follows:
Contents
Part 5A: General Hull Requirements (IACS CSR Part 1)
Part 5B: Ship Types (IACS CSR Part 2)
Part 5C: This Part is divided into two separate booklets as follows:

Chapters 1 to 6: Tankers and Bulk Carriers not covered by Part 5A and Part 5B
and Container Carriers

Chapters 7 to 13: Passenger Vessels, Liquefied Gas Carriers, Chemical Carriers,
Vessels Intended to Carry Vehicles, Water Carriers, Membrane
Tank LNG Carriers, and Vessels Using Gases or other Low-
Flashpoint Fuels.

Application — Oil Tankers

The structural requirements in Part 5A, Pt 1 and Part 5B, Pt 2, Ch 2 of the Rules are applicable for double
hull oil tankers of 150 m in length and upward, with structural arrangements as specified in Part 5A, Pt 1,
Ch1, Sec1,[1.3].

For oil tankers with structural arrangements not covered by Part 5A, Pt 1 and Part 5B, Pt 2, Ch 2, the
requirements in Part 5C, Chapters 1 or 2, are to be complied with.

Application — Bulk Carriers

The structural requirements in Part 5A, Pt 1 and Part 5B, Pt 2, Ch 1 of the Rules are applicable for single
side skin and double side skin bulk carriers of 90m in length and upward, with structural arrangements as
specified in Part 5A, Pt 1, Ch 1, Sec 1, [1.2].

For vessels intended to carry ore or bulk cargoes, other than the single side skin or double side skin bulk
carriers of 90 m in length and upward with structural arrangements as specified in Part 5A, Pt 1 and Part
5B, Pt 2, Ch 1, the requirements in Part 5C, Chapters 3 or 4 are to be complied with.

Application — ABS Construction Monitoring Program
These compulsory requirements for CSR notation are specified in Part 5C, Appendix 2.

Application — Onboard Systems for Oil Tankers and Bulk Carriers

The onboard systems for all tankers are to comply with the requirements of Part 5C, Chapter 1, Section 7,
and for all bulk carriers are to comply with the requirements of Part 5C, Chapter 3, Section 7 of the Rules.

Application — References
Other Parts of the ABS Rules that are referenced within Part 5A, 5B, or 5C are also to be applied.

The following flow chart indicates the application of the Rules and typical Class Notations for tanker and bulk
carrier vessels, of which arrangements and scantlings are in full compliance with the Rules:
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Vessels Intended to Carry Oil in Bulk

Vessels Intended to Carry Ore or Bulk Cargoes

Arrangement and
layout comply with
Part 5A, Pt 1, Ch 1, Sec 1, [1.3] and
Part 5A, Pt 1, Ch 1, Sec 1,
Figure 3?

No

Part 5A, Pt 1 and Part 5B, Pt 1, Ch 2:
Common Structural Rules
and
Part 5C, Appendix 2
Part 5C, Chapter 1, Section 7:
ABS Steel Vessel Rules

11l

Arrangement and
layout comply with
Part 5A, Pt 1, Ch 1, Sec 1, [1.2] and
Part 5A, Pt 1, Ch 1, Sec 1,
Figures 1 & 2?

No

Part 5A, Pt 1 and Part 5B, Pt 1, Ch 1:
Common Structural Rules
and
Part 5C, Appendix 2
Part 5C, Chapter 3, Section 7:
ABS Steel Vessel Rules

g

" A1l Oil Carrier, CSR, AB-CM
plus
appropriate notations for oil carriers

M Al Bulk Carrier, CSR, AB-CM
plus
appropriate notations for bulk carriers

Part 5C, Chapter 1,
Appendix 1to Part 5C
ABS Steel Vessel Rules
(L >150m)

Part 5C, Chapter 3,
Appendix 1to Part 5C
ABS Steel Vessel Rules
(L >150m)

4L 1L >
M Al Oil Carrier, SH, SHCM M Al Bulk Carrier, SH, SHCM
plus plus
appropriate notations for oil carriers appropriate notations for bulk carriers
Part 5C, Chapter 2 Part 5C, Chapter 4 ‘
ABS Steel Vessel Rules ABS Steel Vessel Rules
(L <150 m) (L <150 m)
A1l Oil Carrier " Al Bulk Carrier
plus plus
appropriate notations for oil carriers appropriate notations for bulk carriers
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Rule Change Notice (2018)

The effective date of each technical change since 1993 is shown in parenthesis at the end of the
subsection/paragraph titles within the text of each Part. Unless a particular date and month are shown, the
years in parentheses refer to the following effective dates:

(2000) and after 1 January 2000 (and subsequent years) (1996) 9 May 1996
(1999) 12 May 1999 (1995) 15 May 1995
(1998) 13 May 1998 (1994) 9 May 1994
(1997) 19 May 1997 (1993) 11 May 1993

Listing by Effective Dates of Changes from the 2017 Rules

Notice No. 1 (effective on 1 July 2017) to the 2017 Rules, which is incorporated in the 2018 Rules, is summarized

below.
EFFECTIVE DATE 1 July 2017 — shown as (1 July 2017)
(based on the contract date for new construction between builder and Owner)
Part/Para. No. Title/Subject Status/Remarks
5C-1-1/5.35 Location of Fuel Tanks in Cargo Area  To clarify the requirements for fuel tanks used for separating machinery
(New) spaces from cargo and slop tanks, in line with IACS UR M76, Apr.
2016. (Incorporates Notice No. 1)
5C-1-1/Figure 2 Cargo Tank Block To clarify the requirements for fuel tanks used for separating machinery
(New) spaces from cargo and slop tanks, in line with IACS UR M76, Apr.
’ 2016. (Incorporates Notice No. 1)
50-2?1/5.33 Location of Fuel Tanks in Cargo Area  To clarify the requirements for fuel tanks used for separating machinery
(New) spaces from cargo and slop tanks, in line with IACS UR M76, Apr.
) 2016. (Incorporates Notice No. 1)
5C-2-1/Figure 2 Cargo Tank Block To clarify the requirements for fuel tanks used for separating machinery
(New) spaces from cargo and slop tanks, in line with IACS UR M76, Apr.
2016. (Incorporates Notice No. 1)
EFFECTIVE DATE 1 January 2018 — shown as (2018)
(based on the contract date for new construction between builder and Owner)
Part/Para. No. Title/Subject Status/Remarks
5C-1-4/13.3 Transverse Bulkhead Plating To better consider the effect of the aspect ratio of a panel in the
calculation for transverse bulkhead plating of oil tankers and to assess
the structure (shedder plate, hopper plate, etc.) with a small aspect
ratio
5C-1-7/25.11.1 General To clarify the required capacity of the alternative supply.
5C-1-Al/Figure 1  Basic Design S-N Curves To define the second segment of the S-N curves, in line with IACS
Rec. No. 56.
5C-1-A5/1 General To clarify the hull girder ultimate strength check at hull girder
sections outside 0.4L amidships.
5C-3-1/1.3.3 Direct Calculations To ensure that the critical structural details beyond 0.4L amidships
can be evaluated with an improved level of accuracy for Ore Carriers.
5C-3-1/1.3.4 Full Ship FE based Fatigue Strength To align the Rules with the revision of the Guidance Notes on
(New) Assessment Springing Assessment for Container Carriers and Ore Carriers that
newly includes the requirements for Ore Carriers.
5C-3-3/5.7.1(c) Accelerations To apply the different accelerations for strength and fatigue strength
check of Bulk Carriers and keep it consistent with that formula of
5C-1-3/5.7.1(c) of the Steel Vessel Rules for Tankers.
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Part/Para. No.

Title/Subject

Status/Remarks

5C-3-3/Table 1A
5C-3-3/Table 1B

(New)
5C-3-3/Table 3

5C-3-4/7.5

5C-3-4/9.1

5C-3-4/27
(New)

5C-3-5/3.5

5C-3-5/5.3.1

5C-3-5/5.3.3

5C-3-5/11
(New)

5C-3-6/1.5
(New)

5C-3-A1/1.3

5C-3-Al/Figure 1

5C-3-A3/9.21
(New)

5C-3-A3/11
(New)

5C-3-A3/Table 1
(New)

5C-3-A3/Table 2
(New)

5C-3-A3/13
(New)
5C-3-A7/1

5C-5-2/1.1

Combined Load Cases for Yielding

and Buckling Formulation

Combined Load Cases for Fatigue
Strength Formulation

Design Pressure for Local and
Supporting Members

Bottom and Inner Bottom
Longitudinals

Side Shell Plating

Connection of Longitudinals and
Main Supporting Members

Plating
Buckling State Limit
Ultimate Strength

Critical Areas

Aftbody, Machinery Space, and
Forebody Structure
Applicability

Basic Design S-N Curves

Cargoes That May Liquefy

Rule-based Fatigue Strength
Assessment

Standard Design Load Cases for
Fatigue Strength Assessment

Standard Design Load Cases for
Fatigue Strength Assessment

Critical Areas
General

General

To align the acceleration factors ¢y and ce of Bulk Carrier with
Tanker, in consideration of the configuration of ore carriers.

To keep the coefficients for fatigue load cases.

To align C¢ and C6 for yielding and buckling strength with SafeHull
Tanker and Containership and to correct the heading angle for other
longitudinal bulkhead plating to align with load parameter Bti
represent the sea loads in oblique seas.

To be consistent with 5C-1-4/7.5 for Tankers and 5C-5-4/9.5 for
Container Carriers of the Steel Vessel Rules.

To apply the actual pressure at the lower end of each side strake,
instead of applying a constant pressure at each strake equal to the
pressure at the top of the bilge plate and to introduce the additional
requirement t4 for side shell plating to prevent damages due to
berthing or contact loads.

To align the Rules with the actual review practice for slot connection
on the basis of the requirements in the Guide for LGC and CSRH.

To align the Rules with the yielding evaluation of the plate panels
adjacent to knuckle or cruciform connections for other SafeHull vessel

types.

To align the Rules with the buckling state limit for other SafeHull
vessel types.

To align the Rules with the buckling state limit for other SafeHull
vessel types.

To align the Rules with the fatigue evaluation for other
SafeHull vessel types.

To specify minimum requirement for main supporting members in
aftbody, machinery space, and forebody.

To align with the new requirement of simplified fatigue strength
assessment for ore carriers in 5C-3-A3/11.

To define the second segment of the S-N curves, in line with IACS
Rec. No. 56.

To provide guidance that cargoes having a moisture content in excess
of the transportable moisture limit shall be only be carried in specially
constructed cargo ships or in specially fitted cargo ships, in
accordance with Sec.7 of IMSBC Code.

To provide a designer oriented approach to fatigue strength assessment
for certain structural details, in lieu of more elaborate method as
spectral-based fatigue analysis.

To provide a designer oriented approach to fatigue strength assessment
for certain structural details, in lieu of more elaborate method as
spectral-based fatigue analysis.

To provide a designer oriented approach to fatigue strength assessment
for certain structural details, in lieu of more elaborate method as
spectral-based fatigue analysis.

To incorporate past experience with critical areas beyond 0.4L for ore
carriers.

To clarify the hull girder ultimate strength check at hull girder
sections outside 0.4L amidships.

To specify that the requirements in Appendix 5C-5-A4a is to follow
the net thickness approach in 5C-5-A4a/1.3; whereas the net thickness
approach in Section 5C-5-2 is to be applicable to the requirement
other than those in Appendix 5C-5-Ada.
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Part/Para. No.

Title/Subject

Status/Remarks

5C-5-3/1.1 Load Components To revert subsections on static and wave induced loads back to pre-
IACS UR S11A text.

5C-5-3/3 Static Loads To revert subsections on static and wave induced loads back to pre-
IACS UR S11A text.

5C-5-3/3.1 Still-water Bending Moments, Shear ~ To revert subsections on static and wave induced loads back to pre-

5C-5-3/Figure 1A
(Deleted)
5C-5-3/Figure 1
5C-5-3/Figure 3A

5C-5-3/Figure 3B

5C-5-3/Figure 3C

5C-5-3/5

5C-5-3/Figure 4

Forces and Torsional Moment

Sign Convention for Vertical Bending
Moments and Vertical Shear Forces

Sign Conventions

Loading Pattern of Container Carrier

Loading Pattern of Container Carrier
Fuel Oil Tank Located Between
Cargo Hold Transverse Bulkheads

Loading Pattern of Container Carrier
Fuel Oil Tank Located within Cargo
Holds

Wave-induced Loads

Projected Area Apk and Vertical

IACS UR S11A text.

To revert subsections on static and wave induced loads back to pre-

IACS UR S11A text.

To revert subsections on static and wave induced loads back to pre-

IACS UR S11A text.

To allow to use the minimum weight per TEU calculated from the

loading manual.

To allow to use the minimum weight per TEU calculated from the

loading manual.

To allow to use the minimum weight per TEU calculated from the

loading manual.

To revert subsections on static and wave induced loads back to pre-

IACS UR S11A text.

To revert subsections on static and wave induced loads back to pre-

(Deleted) Distance yr IACS UR S11A text.
5C-5-3/Figure 5 Distribution of Vertical Wave To revert subsections on static and wave induced loads back to pre-
(Deleted) Bending Moment Along the Ship IACS UR S11A text.
Length
5C-5-3/5.1.1 Vertical Wave Bending Moment To revert subsections on static and wave induced loads back to pre-
IACS UR S11A text.
5C-5-3/5.1.2 Vertical Wave Shear Force To revert subsections on static and wave induced loads back to pre-

5C-5-3/Figure 5

Distribution of Vertical Wave Shear

IACS UR S11A text.

To revert subsections on static and wave induced loads back to pre-

(Deleted) Force along the Ship Length IACS UR S11A text.

5C-5-3/5.1.3 Horizontal Wave Bending Moment To provide the definition of V and V.

5C-5-3/9.1 Combined Load Cases for Structural To refer to 5C-5-A5/Figure 1 and 5C-5-A5/Table 1 for the IACS UR
Analysis S34 load cases.

5C-5-4/1.1 Strength Requirements To revert requirements back to pre-IACS UR S11A text.

5C-5-4/3.1 Hull Girder Section Modulus To revert requirements back to pre-IACS UR S11A text.

5C-5-4/Figure 3 Ends of Length L To revert requirements back to pre-IACS UR S11A text.

(Deleted)

5C-5-4/Figure 4 Reference Coordinate System To revert requirements back to pre-IACS UR S11A text.

(Deleted)

5C-5-4/Table 1 Values of Corrosion Addition Factor ~ To revert requirements back to pre-IACS UR S11A text.

(Deleted)

5C-5-4/Table 2 Corrosion Addition for One Side of a  To revert requirements back to pre-IACS UR S11A text.

(Deleted) Structural Member

5C-5-4/Figure 5 Net Sectional Properties of To revert requirements back to pre-IACS UR S11A text.

(Deleted) Supporting Members

5C-5-4/Figure 6 Example of Failure Limit State Curve  To revert requirements back to pre-IACS UR S11A text.

(Deleted) and Stress Multiplication Factor at

5C-5-4/Table 3
(Deleted)

Failure

Load Calculation Points (LCP)
Coordinates for Plate Buckling
Assessment

To revert requirements back to pre-IACS UR S11A text.
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Part/Para. No.

Title/Subject

Status/Remarks

5C-5-4/Figure 7
(Deleted)

5C-5-4/Figure 8
(Deleted)

5C-5-4/Table 4
(Deleted)

5C-5-4/Table 5
(Deleted)

5C-5-4/3.3
(New)

5C-5-4/4
(New)

5C-5-4/9.3.1
5C-5-4/11.1

5C-5-4/13.7

5C-5-4/15.1
5C-5-4/15.13

5C-5-4/15.15
(New)
5C-5-4/17.1

5C-5-4/17.3

5C-5-4/19.1
5C-5-4/19.13.1

5C-5-4/25.1
5C-5-6/5.5
5C-5-Al/Figure 1
5C-5-Ada

(New)

5C-5-A4c/7.7.3

5C-5-A5/1

5C-5-A5/Figure 1
(New)
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Load Calculation Points for Plate
Buckling Assessment

Bending Moment M versus Curvature
V4
Permissible Hull Girder Bending

Stress
Permissible Hull Girder Shear Stress
Hull Girder Moment of Inertia

Hull Girder Shearing Strength

Bottom Shell Plating
Side Shell Plating

Side Stringers in Double Side
Structures

Strength Deck Plating

Underdeck Passageway (Second
Deck)

Raised Lashing Platforms
Hatch Coamings

Hatch Covers

Tank Bulkhead Plating
Tank Bulkhead Plating

Fuel Oil Tank Top Plating

Stem Plating

Basic Design S-N Curves
Longitudinal Strength Requirements
Bending Stress, ob

General

Additional Loading Patterns of
Container Carrier
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To revert requirements back to pre-IACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.

To revert requirements back to pre-IACS UR S11A text.

To revert requirements back to pre-IACS UR S11A text and to apply
the sheer strake requirement to large container carriers.

To revert requirements back to pre-IACS UR S11A text.

To revert requirements back to pre-lIACS UR S11A text.
To revert requirements back to pre-IACS UR S11A text.

To provide requirements for raised lashing platforms.

To specify that the requirements in 3-2-15/9 applicable to container
carriers are to be complied with.

To specify that the requirements in 3-2-15/9 applicable to container
carriers are to be complied with.

To revert requirements back to pre-IACS UR S11A text.

To simplify the requirement for tank bulkhead plating between fuel oil
tanks not contributing to hull girder bending strength.

To simplify the requirement for fuel oil tank top structures not
contributing to hull girder bending strength.

To consider the material factor in the net thickness of the plate stem,
in line with CSR-H.

To define the second segment of the S-N curves, in line with IACS
Rec. No. 56.

To reorganize the IACS UR S11A requirements into a relatively
independent section.

To specify the static pressure head applied to IACS UR S11A stiffener
buckling check.

To decrease the load combination factor for external pressure by 20%
to account for the fact that the full draft is not realistic for one bay
empty case, and to specify the plate effective width for stiffener
ultimate strength check to partially reduce the excessive amendments
caused by the requirements.

To decrease the load combination factor for external pressure by 20%
to account for the fact that the full draft is not realistic for one bay
empty case, and to specify the plate effective width for stiffener
ultimate strength check to partially reduce the excessive amendments
caused by the requirements.

Documents

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

Part/Para. No.

Title/Subject

Status/Remarks

5C-5-A5/Table 1

Additional Combined Load Cases for

Structural Analysis

To decrease the load combination factor for external pressure by 20%
to account for the fact that the full draft is not realistic for one bay
empty case, and to specify the plate effective width for stiffener
ultimate strength check to partially reduce the excessive amendments

caused by the requirements.

5C-6-2/1.1 Normal-strength Standard To revert the related references back to pre-IACS UR S11A text.
5C-6-2/1.3 Hull Girder Shear and Bending To revert the related references back to pre-IACS UR S11A text.
Moment
5C-6-2/1.7 Loading Guidance To revert the related references back to pre-IACS UR S11A text.
5C-6-2/1.11 Hull Girder Section Modulus To revert the related references back to pre-IACS UR S11A text.
Amidships
5C-6-2/1.13 Longitudinal Strength To apply IACS UR S11A to containerships under 130 meters in
(New) length.
5C-6-A1/3 Application To revert the requirements and references back to pre-IACS UR S11A
text.
5C-6-A1/5.3 Hull Girder Stress To revert the requirements and references back to pre-IACS UR S11A
text.
5C-A2/10 Construction Standards and Control To specify the limiting values of misalignment tolerances for
(New) cruciform joints

5C-A2/Figure 1
(New)

5C-A2/Figure 2
(New)

Median Alignment of Critical Joint

Median Alignment of Critical
Cruciform Joint

To specify the limiting values of misalignment tolerances for

cruciform joints

To specify the limiting values of misalignment tolerances for

cruciform joints

viii ABS RULES FOR BUILDING AND CLASSINC STEEL VQQLG uments

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

PART

oC

Specific Vessel Types

CONTENTS
CHAPTER 1 Vessels Intended to Carry Oil in Bulk (150 meters (492 feet)
Lol g a Yo d= T T =T o Yo )i ) PR 1
Section 1 INEFOAUCTION ..o 14
Section 2 Design Considerations and General Requirements............. 22
Section 3 (o T To J O3 1] (=] T N RS 26
Section 4 Initial Scantling Criteria............eeiiiiiiiiiiie e 67
Section 5 Total Strength ASSESSMENt.......cccvv i 122
Section 6 Hull Structure Beyond 0.4L AMidships ........ccccoevvviiiiieeneen. 136
Section 7 Cargo Oil and Associated Systems..........cccccvveeeeeeeveinnnee, 150
Appendix 1 — Examples of Inerting/Gas Freeing
Analysis of Ballast TanK............ccccccceeeeenns 197
Appendix 1 Fatigue Strength Assessment of Tankers...........ccccccoeeeuen. 207
Appendix 2 Calculation of Critical Buckling Stresses ..........cccccevvvveeenn. 236
Appendix 3 Application to Single Hull Tankers........cccccceevvivcviveverenennnnns 247
Appendix 4 Application to Mid-deck Tankers.........c.cccoceevviiereiniieneennnn 258
Appendix 5 Hull Girder Ultimate Strength Assessment of Qil
(O 1 1= £ SRR 262
CHAPTER 2 Vessels Intended to Carry Oil in Bulk (Under 150 meters
(492 feet) iN Length) .......uueeeieeiiieiiieiiieiieeiieeeieeeveeeveeeveeeeeeereeeeeeereeennenne 273
Section 1 INErOAUCTION ..o 276
Section 2 HUIE STIUCTUIE .o 283
Section 3 Cargo Oil and Associated Systems..........cccccvveveeeeeiiiennnee, 299
Appendix 1 Hull Girder Shear Strength for Tankers ...........cccocccvvveee.n. 300
CHAPTER 3 Vessels Intended to Carry Ore or Bulk Cargoes (150 meters
(492 feet) or more in Length) ... 304
Section 1 INErOAUCHION ... 318
Section 2 Design Considerations and General Requirements........... 325
Section 3 [ T= Lo [ @1 4] (=] £ T- R PRSP 329
Section 4 Initial Scantling Criteria.........ccoveiiieieie e 369
Section 5 Total Strength ASSESSMENt........ccoiiiiiiiiiiiee e, 454
Section 6 Hull Structure Beyond 0.4L AMidships ......cccccceevvvevvivnnnnnn. 469
Section 7 Cargo Safety and Vessel Systems ..........ooccviieeeieiiiinnnnen. 492
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 Docu ment§

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

Appendix 1 Fatigue Strength Assessment of Bulk Carriers..................... 498
Appendix 2 Calculation of Critical Buckling Stresses ...........cccccevvuneen. 535
Appendix 3 The Design and Evaluation of Ore and Ore/Qil Carriers .....546
Appendix 4 Load Cases for Structural Analysis with Respect to

SIAMMING .. 548
Appendix 5a  Longitudinal Strength of Bulk Carriers in Flooded

(©70] a0 {110 £ TR 561
Appendix 5b  Bulk Carriers in Flooded Conditions — Corrugated

Transverse Watertight Bulkheads............cccoococeeviiieennne. 563
Appendix 5¢  Bulk Carriers in Flooded Conditions — Permissible

Cargo Loads in HOIAS ..........cooiiiiiiiiiiiiiieeieeeee e 575
Appendix 6 Harmonized System of Notations and Corresponding

Design Loading Conditions for Bulk Carriers..................... 581
Appendix 7 Hull Girder Ultimate Strength Assessment of Bulk

(O 14 11T £ RPN 590

CHAPTER 4 Vessels Intended to Carry Ore or Bulk Cargoes (Under
150 meters (492 feet) in Length).....oovvvviiiiii 601
Section 1 INEFOAUCHION ... 603
Section 2 HUI SEIUCTUNE e 606
Section 3 Cargo Safety and Vessel Systems .........ccccoevcvvvieeieeeniinnns 616
CHAPTER 5 Vessels Intended to Carry Containers (130 meters (427 feet)

to 450 meters (1476 feet) in Length) ......ccccccivviiviiiiiiiiiiiiiiiiiiiiiiiinnnns 617
Section 1 INEFOAUCHION ... e 630
Section 2 Design Considerations and General Requirements .......... 633
Section 3 (o= Lo [ @1 4] (=] ¢ T- USRS 637
Section 4 Initial Scantling Criteria ..........coceeiiiiieeiriee e 683
Section 5 Total Strength ASSESSMENt.......ccoiiiiiiiiiiiiee e 757
Section 6 Hull Structure Beyond 0.4L Amidships .......ccccceeeeevvvciinnen. 769
Section 7 Cargo SAfety ......ceeiiiiiiiiiieeee e 822
Appendix 1 Fatigue Strength Assessment of Container Carriers......... 826
Appendix 2 Calculation of Critical Buckling Stresses ..........ccccccvevvveenn. 877
Appendix 3 Definition of Hull Girder Torsional Properties .................... 891
Appendix 4a  Longitudinal Strength Requirements ...........cccccceeeeviiiiineen. 893
Appendix 4b  Calculation of Shear FIOW..........ccccvvvveeiiiiiciinee e, 910
Appendix 4c  Buckling Capacity .........cccveeiiieieiiiiiieeeieee e 915
Appendix 4d  Hull Girder Ultimate Bending Capacity of Container

(O 14 1] £ RR T RR 933
Appendix 5 Additional Loading Patterns and Loading Cases for

Structural ANAIYSIS ... 946

X ABS RULES FOR BUILDING AND CLASSINGC STEEL VQQLG L!ments

Document Sharing Hub
Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

CHAPTER 6 Vessels Intended to Carry Containers (Under 130 meters

(427 Teet) iN LeNgth) .......ueieeieiiiiiiiieiiiiiiiiiiievbieebeeebeeebeeebeeebeeebeeeeeeereeene 949
Section 1 INErOAUCTION .. 951
Section 2 HUIL STPUCTUE .. 952
Section 3 Cargo SAfetY .....ccouiiiiiiiiiiieee e 954

Appendix 1 Strength Assessment of Container Carriers — Vessels

Under 130 meters (427 feet) in Length........cccccooviiiiiieen.n. 955

APPENDIX 1 SafeHull Construction Monitoring Program ...........cccccvvvvvviviiininnnnn. 961

APPENDIX 2 ABS Construction Monitoring Program ...........ccccccevvvvvivneinnninnninnnn. 963

ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 Docu ment§

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

This Page Intentionally Left Blank

Documents

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

5C

CHAPTER 1 Vessels Intended to Carry Oil in Bulk (150 meters
(492 feet) or more in Length)

CONTENTS
SECTION 1 INtrOAUCTION cooiieeeeee e 14
1 GENEIAL .. 14
11 ClasSIfICALION .....eiiiiiiiiiiieiee s 14
1.2 Optional Class Notation for Design Fatigue Life..............cccoouvneee. 14
1.3 APPIICALION ...eeeie e 14
15 Internal MemMDBErS ........ooiiiiiiie e 15
1.7 Breaks ... e 16
1.9 V2= L= o] PRSPPI 16
1.11 LOAdING GUIJANCE .....oeiiiieieiiiiiiiee e 16
1.13 Pressure-Vacuum Valve Setting.........ccoccveveeeiiiiiiiience i 16
1.15 Protection of Structure .17
1.17 AlumINUM Paint .......ooeiiiiiiic e 17
3 Special Requirements for Deep Loading........ccccceevvvvcviveeeeeeeviicennne, 17
3.1 GBNEIAL ...ttt 17
3.3 MaACKINENY CASINGS .. eeeiiuriiieiiieee ittt 17
3.5 A C LSS . et
3.7 Hatchways
3.9 Freeing Arrangements
3.11 FIOOAING. ...ttt 17
3.13 [V /=T 0111 F= L (o] £ U UUUPRPR
5 ATTANGEIMENT .ottt e e e e
5.1 GBNEIAL ...ttt
5.3 Subdivision
55 Cofferdams
5.7 Gastight BulKheads ... 18
5.9 CathodiC ProteCtion ..........cceoiiiiiiiiiieieee e 18
5.11 Ports in Pump Room Bulkheads............cccccveeeiiiiiiiienie e 19
5.13 Location of Cargo Oil Tank Openings .19
5.15 Structural Fire ProteCtion...........cc.eeeeiieriiiiiiiiiee e 19
5.17 AllOCation Of SPACES .....cceii ittt 19
5.19 Access to Upper Parts of Ballast Tanks on Double Hull Tankers.. 19
5.21 Access to All Spaces in the Cargo Area...........ccceeeveveeeriveeenineenn, 20
5.23 Duct Keels or Pipe Tunnels in Double Bottom...............ccccvveeeennn. 20
5.25 VENTIALION. ...ciiiiie e 20
5.27 Pumping ArrangementS..........uuveiiieeiriiiiieee e 20
5.29 Electrical EQUIPMENT........ccoiiiiiiiiiee et e e e 20
5.31 LIS [ o TP PO PP U PP PUPPPPPPPPTN 20
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 DOCU ment§
Document Sharing Hub
Sf’fvy.QSQ‘b@Tﬁgcan Bureau of Shipping Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

5.33 MaCRINEIY SPACES ....eeeiiiiiiiiiiiiiei et 20
5.35 Location of Fuel Tanks in Cargo Area ..........coocvveeveeeeeiiiiiiieeeeeennn 21
FIGURE L. 16
FIGURE 2 Cargo Tank BIOCK........ccueiiiiiieiiiiie e 21
SECTION 2 Design Considerations and General Requirements..........ccccccceeeenn. 22
1 General REQUIFEMENTS ........oeiiiiiiiiiiii e
11 GENEIAL..... e
1.3 Initial Scantling Requirements ...............
15 Strength Assessment — Failure Modes
1.7 Structural Redundancy and Residual Strength............c.cccoeunneeee. 22
3 Nominal Design Corrosion Values (NDCV) ........cccoevvvvieeeeeeeeiccivnnnen, 23
3.1 GENEIAL.....iiii it 23
TABLE 1 Nominal Design Corrosion Values (NDCV) ......cccccceeevvvinvnnen. 25
FIGURE1  Nominal Design Corrosion Values (NDCV) ........cccccevvvereennnnn 24
SECTION 3 LOAA ClITBITA .oiieevreiiiieeee ettt e e e e 26
1 1= T =T = | USRS PERR 26
11 LOad COMPONENLS .....oiiiiieiiiiiiiei e e e e e ieeeeeaa e 26
3 ] = 11T o I 0= To £ USRS 26
3.1 Still-water Bending MOMENt...........cooeeiiiiiiiiiiiee e 26
5 Wave-iNdUCEd LOAAS ......c.cooiiiiiiiiiiieee e 28
5.1 GENEIAL..... e 28
5.3 Horizontal Wave Bending Moment and Shear Force..................... 28
5.5 EXIErNal PrESSUIES ....ccuvviiiiiiiie ittt 28
5.7 Internal Pressures — Inertia Forces and Added Pressure
HEAAS ... e 30
7 Nominal DeSign LOAdS........ccouuiiiiiiiiiaaiiiieieeee et a7
7.1 GENEIAL.....ieeeiee e 47
7.3 Hull Girder Loads — Longitudinal Bending Moments and Shear
FOTCES ...t 47
7.5 Local Loads for Design of Supporting Structures ............ccccveeee... a7
7.7 Local Pressures for Design of Plating and Longitudinals............... 48
9 Combined LOAd CASES ......ccuvviviiieiiie ittt 48
9.1 Combined Load Cases for Structural Analysis ..........cccccceevvvivinnnn. 48
9.3 Combined Load Cases for Failure Assessment............cccoecvvveennnee.
11 SIOShING LOAAS ...eeiiiiiiiiee e
111 GENEIAL..... e
11.3 Strength Assessment of Tank Boundary Structures ....
115 SIOShING PreSSUIES ....cciiiiiiiiiiiie et
13 T gT 0= Lox B o T= Lo £ SRR
131 IMpact LOAdS ON BOW ........ocuuuiiieiiiiiiiiiieicee e
13.3 BOttom SIamminNg .......covieiiiiiiiiiiiie e 60
135 Bowflare SIamming.......c.coooiiiiiiiiiii e 62

2

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

ABS RULES FOR BUILDING AND CLASSING STEEL VQQ_G uments

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

TABLE 1A Combined Load Cases for Yielding and Buckling Strength

FOrMUIALION ...cooiiiiiii e 40
TABLE 1B Combined Load Cases for Fatigue Strength Formulation ...... 41
TABLE 2 Load Cases for SIOShing.........cocovvvviiiiiiii i, 42
TABLE 3 Design Pressure for Local and Supporting Members............. 43
TABLE 4 ValUBS Of (uveiiiiiiiiii ittt 61
TABLE 5 Values Of Aj and Bi ......cooovveiiiiiiiiieeiiieeece e 64
FIGURE 1 Loading Pattern.........ccooiiiiiiiiiiaee e 27
FIGURE 2 Distribution FaCtOr Mh .......coouveiiiiiiieeiiieee e 35
FIGURE 3 Distribution Factor fi.....ccueeveiieeiiee e 35
FIGURE 4  Distribution Of Ngi ...ccovcvveeiiiiiieeiiiie e 36
FIGURE 5  Pressure Distribution FUNCHON Ko ..vvevvvvvvieiiiiiieiiiiiie e 36
FIGURE 6 lllustration of Determining Total External Pressure ................ 37
FIGURE 7  Definition of Tank GEOMEtry ..........ccovvvveeiiiiiieeiiee e 38
FIGURE 8  Location of Tank for Nominal Pressure Calculation................ 39

FIGURE 9  Vertical Distribution of Equivalent Slosh Pressure Head, he...54
FIGURE 10 Horizontal Distribution of Simultaneous Slosh Pressure

Heads, he (§s 0s) OF N (Ps 0s) .vvvveermmveieeiiiiieiiee e 55
FIGURE 11 Definitions for Opening Ratio, @.........ccccccvveeeieiiiiiieeeee e 56
FIGURE 12 Opening RAtIOS .......ccuvieeiiiiiiiiiieee e ssitieeee e e e e s snineeee e e e e s 56
FIGURE 13 Dimensions of Internal Structures...........ccccccovviiiiieeeieiininnnnen. 57
FIGURE 14 Loading Patterns for Sloshing Loads Cases..........ccc..ccoeuuueeee. 58
FIGURE 15 Definition of BOW GEOMELIY .......cevvviiiiiiiieiiiiee e 60
FIGURE 16 Distribution of Bottom Slamming Pressure Along the
SECHON Girth ..eoiiiiiii e 62
FIGURE 17 Definition of Bowflare Geometry for Bowflare Shape
Parameter ... 65
FIGURE 18 Ship Stem ANgIe, ..o 66
SECTION 4 Initial Scantling Criteria......ccccccceeiiiiiii e, 67
1 GENEIA ...t 67
11 Strength REQUIFEMENT .......ocoiiiiiiiiiie e 67
1.3 Calculation of Load Effects...........eeeeiiiriiiiieee e 67
15 Structural DetailS ..........evveiiiieiiiiee e 67
1.7 Evaluation of Grouped Stiffeners..........cccccceiiiiiiiiiieeeee 67
3 HUll Girder Strength .........oeeeoiiiiii e 71
3.1 Hull Girder Section MOAUIUS ...........coiiiiiiiiiiiee e 71
3.3 Hull Girder Moment of INErtia ...........ooocvvuiieiieiiiiiiiieeee e 71
5 Shearing SIrength .........ooooii 71
5.1 GENEIAL ... ittt 71
5.3 Net Thickness of Side Shell Plating..........cccccoviiiiieiianiiiiiieeeeen 72
5.5 Thickness of Longitudinal Bulkheads .............cccccceiiiiiiiiieiiinnns 72
5.7 Calculation of Local Loads .........coccveeeiiiieiiiiiiie e 74
5.9 Three Dimensional ANAIYSIS ........ccoviiiiiiieeiiee e 76
~_ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 Docu ment§

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

7 Double BOttOM SIIUCIUIES.......ccuvveeeiieeiieeeee e e 77

7.1 GENETAL.....oiiiiiiiii e e 77
7.3 Bottom Shell and Inner Bottom Plating ............ococeeviiiiniieceiiieenn, 77
7.5 Bottom and Inner Bottom LongitudinalS............ccccceeieiniiiiiiieneenn. 80
7.7 Bottom Girders/FIOOrS. ........c.uuvvieiieeiiiiecee e 81
9 Side Shell and Deck — Plating and Longitudinals.............cccccceeevnees 88
9.1 Side Shell PIating.......ccoooviieiiiieiieee e 88
9.3 DECK PlatinNg .ccceeiieiieiiee ettt 90
9.5 Deck and Side Longitudinals ...........occcuuvieiiiiiiiiiiiiice e 92
11 Side Shell and Deck — Main Supporting Members ...........ccccceeeenee. 94
111 LCT=T 1T | RO ERUR R 94
11.3 DECK TIANSVEISES ....eeiiiiieei ittt ee ettt e e e et a e e e e naeeeeaaa e an 94
115 DECK GIUBIS ..ttt 97
11.7 Web Sectional Area of Side TranSVverses ........ccccvveeveeenveeneneee 98
11.9 Minimum Thickness for Web Portion of Main Supporting
MEIMBDEIS ...t e e e e e 99
12,11 ProportionS .....eeeeiciieeeiiiie ettt 99
1113 BrACKEeLS....eeiiiieei e 100
11.15 Web Stiffeners and Tripping Brackets ............cccovveviiiiiiiiiiiennnn. 100
11.17  Slots and Lightening HOIES .............ccccvviiiiiiiiiiiiiecc e 101
13 Longitudinal and Transverse Bulkheads............cccccovieieiiiienennnne, 102
131 Longitudinal Bulkhead Plating ...........cccceeeeeoiiiiiiiiiiiee e 102
13.3 Transverse Bulkhead Plating.............uuvvvvivieiiieieiiiiieieiiiiiiieieieinnnns 104
135 Longitudinals and Vertical/Horizontal Stiffeners ............cccccveee... 105
15 Bulkheads — Main Supporting Members..........ccccccovviiiiiiieenieenines 107
151 (CT=T 1T | TR 107
15.3 Vertical Web on Longitudinal Bulkhead ...............ccccccoiniiiiininnn. 107
15.5 Horizontal Girder on Transverse Bulkhead..............cccc.cceveviennnee. 109
15.7 Vertical Web on Transverse Bulkhead.............cccccovviiiiiiineenninis 111
15.9 Minimum Web Thickness, Proportions, Brackets, Stiffeners,
Tripping Brackets, Slots and Lightening Holes ...............cccco..... 112
1501 CrOSS TIES ceieiieiiiiiiiiiee e ettt et e e e et e e e e e s ennnneeeaaee s 112
15.13  Nontight Bulkheads............cuuiiiiiiiiiiiii e 113
17 Corrugated BUIKN@AdS ...........ocoviiiiiiiiiiiiicc e 113
171 General
17.3 Plating.......ccccceveeeiiiiiieee.
175 Stiffness of Corrugation
17.7 Bulkhead StOO0IS...........c.cooiiiiiinii i
17.9 ENd CONNECLIONS .....vviiiiiiiiiiiiiieee ettt
TABLE 1 Coefficient c; For Deck TranSVerses........cccovvveeevvvieeesiiieeen 102
TABLE 2 Coefficients Ky and K for Side Transverses .........cccccceeeenees 102
TABLE 3 Coefficient ¢ for Vertical Web on Longitudinal Bulkheads ....109
TABLE 4 Coefficients Ky and K, for Vertical Web on Longitudinal

4

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Bulkhead

ABS RULES FOR BUILDING AND CLASSING STEEL VQQ_G uments

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

FIGURE 1  Scantling Requirement Reference by Subsection.................. 68

FIGURE 2A Definitions of SPanS (A) ....cccueeeeiiiiieiiiieee e 69
FIGURE 2B Definitions of SPans (B) .....ccccuvereeeeiiiiiiiieiee e e 70
FIGURE 3  Center Tank ReQION ........cocvvviiiieee e 76
FIGURE 4.ttt et e e et ae e e e nntae e e e nnsae e e e e 77
FIGURE 5  Unsupported Span of Longitudinal .............cccoeccvvvivieeeeiiinnee, 85
FIGURE 6  Effective Breadth of Plating be..........coccooveiiiiiiiiiiiiiiiiieeee 86
FIGURE 7 Definitions of as, fs and Ds........ovvveeiiiiiiiiiiiiiiieecee e, 87
FIGURE 8  Effectiveness of Brackets..........ccccciiiiiiiiiiiiiiiiiiiiiieeeeeee 101

FIGURE 9  Definition of Parameters for Corrugated Bulkhead

(Tankers without Longitudinal Bulkhead at

CenterliNg).......coiiiiiii e 119
FIGURE 10 Definition of Parameters for Corrugated Bulkhead
(Tankers with Longitudinal Bulkhead at Centerline) ............. 120
FIGURE 11 Corrugated Bulkhead End Connections ............cccccevvuveeennne 121
SECTION 5 Total Strength ASSESSMENt.......uuiiiiiiiiiiiiiiiieee e 122
1 General REQUIFEMENTS .......eiiiiiiiiiiiiiiee et 122
11 GENEIAL ... 122
1.3 Loads and LOad CaSES ........c.eeerrerieiiiiieeiiiie e 122
15 StresSS COMPONENES .....uviiiiieeiiiiiiiee e 122
3 Failure Criteria — Yielding........cccoouiere e 123
3.1 GENEIAL ... 123
3.3 Structural Members and Elements ..........cccoovveeiiiii e 123
3.5 PLALING e 124
5 Failure Criteria — Buckling and Ultimate Strength........................... 124
5.1 GENEIAL ...t 124
5.3 Plate PAnels .......coccviiiiiiiiiie e 125
5.5 Longitudinals and Stffeners ...........ccocvveeiiiiiii 127
5.7 Stiffened Panels ...........oeeeiiiiii e 128
5.9 Deep Girders and Webs ...........eueiiiiiiiie e 128
5.11 Corrugated BUIKN@adS............cccuvviiiieeiiiiiiiiice e 129
5.13 Hull Girder Ultimate Strength..........ccoocveeeiiiiii e 130
7 FatigUe LIfe ....eeeiiiiie e 132
7.1 GENEIAL ... 132
7.3 PrOCEAUIES ...t 132
7.5 SPECHral ANAIYSIS ......viiiiiiiiie e 133
9 Calculation of Structural RESPONSES..........ccccvvvieereeee e e 133
9.1 Methods of Approach and Analysis Procedures...............ccuuveee.. 133
9.3 3D Finite Element MOdEIS .........ccoooviiiiiiiiiiec e 134
9.5 2D Finite Element Models ..........coeevvieiiiiiiiiiieee e 134
9.7 Local Structural Models.............ueeiiiiiiiiiiieec e 134
9.9 LOBA CASES ...eieeieiiiiitieee ettt 134
11 (O g1 1or= LY == R PSRRRR 134
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS + 2018 Docu ment§

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

FIGURE L. .. 131

FIGURE 2  Critical Areas in Transverse Web Frame.............ccccccoeeeen. 135
FIGURE 3  Critical Areas in Horizontal Girder on Transverse

BUIKNEAM ... 135

FIGURE 4  Critical Areas of Buttress Structure..........cccccceeeeviiiviveenneenn, 135

SECTION 6 Hull Structure Beyond 0.4L Amidships ........cccccceeiiiii, 136

1 General REQUIFEMENTS........uuiiiiieei e 136

11 GENEIAL....eeeee e 136

1.3 Structures within the Cargo Space Length ..........ccccccevvieiiiinnnnn. 136

3 Forebody Side Shell StruCture ... 136

3.1 Side Shell PIating..........eveiiiiiiiiiiee e 136

3.3 Side Frames and LongitudinalS ............ccccccevieeiiiiiiieiee e, 138

3.5 Side Transverses and Stringers in Forebody.............c.cccoeevineee.. 139

5 TranSItION ZONE .....cueiiiiiei it 146

7 Forebody Strengthening for Slamming.........cccccceeeevviicciiieeee e, 147

7.1 BOttom SIammMIiNg ........cveviiiiiiiiiiiee e 147

7.3 Bowflare SIamming.........coooiiiiiiiiei e 148

FIGURE 1  Transverse Distribution of Pg.......cccccoviieeeiiiiiieiniiiieiiieees 139

FIGURE 2 Definition of SPanS .......cccooiiiiiiiiiiiiieieeee e 146

SECTION 7 Cargo Oil and Associated SyStems .......ccooovevvieiiiiii e 150

1 GENEIA ..o s 150

1.1 P Y o] o] 1 oF= o] o PSPPSR 150

1.3 DEfINItIONS ...eeiiiei e 150

15 Plans and Data to be Submitted ............cccccooi i 151

1.7 Some General PrinCIples ........cuvvvviiiiiii e 152

1.9 Cargo Oil Having a Flash Point Exceeding 60°C..............ccuu...... 153

3 Cargo Oil, Stripping and Crude Oil Washing Systems .................. 154

3.1 (CT=T 1T | TR 154

3.3 Cargo Ol SYSIEIM.......ueiiiiiiiiii e 154

3.5 Remotely Operated ValVeS...........coooviiiiiiiieiiciiiieeee e 157

5 Ballast System and Oily Water Handling ...........cccccooviiiiiiniieinnnnns 157

5.1 Segregated Ballast ... 157

5.3 Ballast SYSIEM .........uiiiiiiiiiii e 158

7 Bilge SYSEIM .. 159

7.1 (CT=T 1T | TR 159

7.3 Pump Room and Cofferdams Bilge System ..........cccccooviiieeneenn. 159

7.5 Bilge AlGIMS .ot 159

7.7 Discharge of Machinery Space Bilges into Slop Tank ................. 159

9 Cargo Heating SYSIEMS ........ceiiiiiiiiiiieiiee et 160

9.1 TEMPETALUIE ...eeeieeieieieieiee ettt e e e e esenennnees 160

9.3 Steam Heating SYSteM .......cooiiiiiiiiii e 160

9.5 Thermal Oil Heating SYStem .........coccvveiiiiieeiiiiee e 160

6 ABS RULES FOR BUILDING AND CLASSINGC STEEL VQQ_G Uments

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

11 Cargo Tank VEeNLiNG .......c.cvviiiiee et e e senrre e e e e e 161

111 General PrinCipIeS .......uuviiiiii et 161
11.3 Venting CaPACILY ....cccvvvieiiieieiiiiee ettt 161
115 VENE PIPING ettt e e 161
11.7 Self-draining of Vent Piping .........c.ccooeiiiiiiiiiiee e 162

11.9 Flame Arresting Devices

11.11  Protection for Tank Overpressurization and Vacuum

11.13  Position of Pressure/Vacuum ValVes ...........cccocceeeiiiiieiniinnennne,
11.15  Pressure/Vacuum Valve By-pass........cccccceeeiiiiuiiieneeeiiiiiieeaeee
11.17  Vent Outlets for Large FIow VOIUMES.........coooiiiiieiiiiiiiiiieeceen
11.19  Arrangement for Combination Carriers

13 Cargo Tank Level Gauging ........ccvveeiiirieeiiiiee et
131 Cargo Tanks Fitted with Inert Gas System ...........cccccceeeieiiiinnenn. 164
13.3 Cargo Tanks not Fitted with Inert Gas System...........cccccoevuvveeen. 164

15 Cargo Tank Purging and/or Gas-freeing........c.ccocueeeviiieeeiniieeennne 164
15.1 GBNETAL.....eieii it 164
15.3 Vessels Fitted with Inert Gas SyStem ............occeieeeieeiiiiiiieeneeenn. 165
155 Vessels without Inert Gas System

17 Ventilation and Gas Detection ...........occcveeviiiieiiiiiee e
171 Cargo Pump Room Ventilation ............oooccueeiiiiiiiiiiiiiee e
17.3 Precautions for Ventilation of Accommodation and Machinery

SPACES ..coiiiiiiiiiiii ittt nraaaaaes 166

175 Pipe Tunnel or Duct Keel Ventilation...........c.cccoouiieeiieiiiniinnne. 166
17.7 Portable Gas DeteCtors ........cccoovvveriiiiiienie e 166
17.9 Gas Sampling System Installation ...........cccoccvveiiiiiiiee e 166
17.11  Ventilation for Combination Carriers..........ccccoveveeeinrerennienennnees 167
17.13  Cargo Oil Sample Locker Ventilation.............occoveeerieiiiiiiiieeneennn. 167

19 Double Hull Space Inerting, Ventilation and Gas Measurement ....167
19.1 AN SUPPIY ceee e 167
19.3 Vessels Fitted with Inert Gas SyStem ............occeieeeieiiiiiiieeneeenn. 167
19.5 Provisions for Gas Measurement ..........ccccccveeviveeeiinine s 167

20 Fixed Hydrocarbon Gas Detection System...........cccccvvvveeeeeeiinennnee, 168
20.1 APPHCALION ...t 168
20.3 Engineering Specification .............ccccoiiiiiiiiii e 168
20.5 Component REQUIFEMENTS..........uueiiiiiiiiiiiiiiee e 169

21 Cargo Vapor Emission Control SyStems .........ccccceeeevviiieeeiniiieeennne 170
211 APPHCALION ... 170
21.3 Plans and Data to be Submitted............cccoooiiiiic e 170
215 Cargo Transfer RAte..........cooi it 170
21.7 Vapor Collection PIPiNg .......c.uuvviieeiiiiiiiieee e 171
21.9 Ship Side Vapor CONNECHION ........ccvviiiiieeeiiiiee e 172
21.11  Pressure/Vacuum Protection of Cargo Tanks .........cccccevviiuineeen. 172
21.13  GAaUgING SYSIEMS .. ..ceiiiiiieeeei ittt e e e e

21.15 Tank Overfill ProteCtion .........cccooeeeiiiiiiiiiiiieeieeeiceee e
21.17  Electrical Installations
21.19 Vapor Collection for Lightering Operations

21.21 Instruction Manual...........cccccoiiiii
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS - 2018 S Document$
o Document Sharing Hub
Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

23

25

27

29

31

8

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

Cargo Tank ProteCtion.........ccccceeeiiiiiiiieiie e 174

23.1 Inert Gas System and Deck Foam System........cccccceevvvciineeneennn. 174
23.3 Crude Oil WashiNg.......cooviieiiiiiiiiieec e 175
235 Fire Main Isolation Valve ... 175
23.7 Fireman’s OULFILS.........ooiiiiiiii e 175
INEIt GAS SYSIEIM ... 175
25.1 GENEIAL.....c et 175
25.3 BasiC REQUIFEMENTS. ......coiiiiiiiiiee e 176
255 System Capacity and Oxygen Content..........cccoovvevveeieeenniiienenen. 176
25.7 TYPE Of INEI GAS...cccii ittt 177
25.9 Flue Gas Isolating Valves ..........cccccociiiiieii e 177
25.11 Flue Gas Scrubber

25.13  BIOWETS .. et a e
25.15 Flue Gas Leakage

25.17 Gas Regulating ValVe ..........ccccoiiiiiei i
25.19  NON-TetUIN DEVICES ......eeiiiee ittt
25.21 Inert Gas Piping

25.23  Venting for Large Gas Volumes

25.25 Inerting, Purging or Gas-freeing of Empty Tanks..............ccccuuee... 180
25.27  Pressure/Vacuum-breaking DeVICeS.........ccccceeivivviiiereeeieiiiinennn, 181
25.29 Instrumentation at Gas Blower OUutlets ...........coccvveeiiiieciiiinecnee, 181
25.31  Monitoring Of INErt Gas ........ccccuvveeiieeeiiiiieeee e 182
25.33  Portable Detectors and Fixed SENSOrs ........ccccoovuviieeeeeeiiniiineenn. 182
25.35 Calibration of INStrUMENS ........cooiiiiiiiiiiieiiiee e 182
25.37  Alarms and ShULAOWNS .......cc.uviiiiiiieiiiiee e 182
25.39  INStruction ManUAIS...........ccouiiuiiiiiieeiiiiiiiiee e 184
25.41  Nitrogen Generator Inert Gas SYStems........cccoviviiuiieereeeneiiniieenn. 184
25.43  Inert Gas Systems for Ballast Tanks

Fixed Deck FOAM SYSIEM .....ccoiiiiiiiiiiie e
27.1 GENEIAL.....c et
27.3 Foam Solution Supply Rate .........cooiiiiiiiiiiee e
27.5 Foam Concentrate QUAaNTItY............ooccuueeieeeeeiiiiiiiieie e
27.7 Required Foam Monitor and Foam Applicator Capacities ........... 189
27.9 Minimum Foam Monitor Capacity

27.11  Installation at POOP Front..........c..oooiiiiiiiiiiiiieee e
27.13  Use and Minimum Capacity of Foam Applicators .............ccuuveeee. 189
27.15 Foam Main and Fire Main Isolation Valves...............ccccccovnninnne. 190
27.17  Simultaneous OPeration .........cccvevieeeeiiiiiiiiee e
27.19 Bow or Stern Loading and Unloading

Cargo Pump ROOM ProteCtion.........ccccceeeeeeee i
29.1 Fixed Fire Extinguishing System.........ccccccceeeiiiiiiiieie e
29.3 Required Quantity of Fire-extinguishing Medium

Electrical INStallations ...........oooiiiiiiiiie e
311 APPIICALION ..o
31.3 Limited Use of Earthed Distribution Systems...............cccccveeneenn.
315 Hazardous Areas

31.7 AT LOCKS ..ttt e

ABS RULES FOR BUILDING AND CLASSING STEEL VQQ_G uments

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

31.9 Electrical Equipment Permitted in Hazardous Areas................... 193

31.11 Cable Installation in Hazardous Areas ...........cccecuvveeeeeerniininennn. 194
31.13  Echo Sounder; Speed Log; Impressed Current System.............. 194
31.15 Cargo Oil PUMP ROOM .....ooiiiiiiiiiiiie e 195
31.17 Pipe Tunnel or DUct Keel........cc.uuviiiiiiiiiiii e 196
33 Integrated Cargo and Ballast SyStems .......cccccoeecvvveeveeeeeviiiiiieeenn, 196
33.1 P Y o] o] 1 o%= o] o HA PSPPSR 196
33.3 Functional RequiremMents..........coccuvieiiiieeiiii e 196
335 DeSIgN FEALUIES ... ..t 196
TABLE 1 Electrical Equipment in Hazardous Areas of Oil Carriers.....194
FIGURE 1  Connection between Inert Gas Main and Cargo Piping ....... 181
FIGURE 2  Hazardous Areas on Open DecK........ccccoovviveeiiiieeiiiieneene, 193

SECTION 7 Appendix 1 - Examples of Inerting/Gas Freeing Analysis of

Ballast TanK ... 197
1 INEFOAUCTION ... e e 197
3 Description of the Ballast Tank...........cccoviiviiiiiiiniieee e, 198
3.1 DIMENSIONS....cciiiiiiiietee et a e e 198
3.3 Transverse Bulkheads and Frames............ccoocoveeiiiiiiiiee s 198
3.5 SHINGEIS e 199
3.7 (€10 (=TSO PP OTPRP PPN 199
3.9 Discharge Pipe and Gas Outlet............cccoevviiiiiiieeniiiec e 199
3.11 Simulation Model............eeiiiiii e 199
5 RESUIES . 199
5.1 011 11T RO ERPR O 200
5.3 GaAS-IEBING. ...ttt e 203
7 (070] o [od 1013 o] o 1= SRR 206
TABLE 1 CompOosSition Of GASES........uueiiiieeiiiiiiiiiee e 199
FIGURE 1  Ballast Tank with Discharge Pipe .........ccccccoeiiiiiiiiiiiineannns 198
FIGURE 2(a) Inerting at 0.5 hr (1800 seconds), 0.33 Atmosphere
ChaNQES..coi e ———— 200
FIGURE 2(b) Inerting at 1.0 hr (3600 seconds), 0.67 Atmosphere
ChANGES ..o 201
FIGURE 2(c) Inerting at 1.5 hr (5400 seconds), 1.0 Atmosphere
ChANGE ... 201
FIGURE 2(d) Inerting at 2.25 hr (8100 seconds), 1.5 Atmosphere
ChaNQES ..o 202
FIGURE 2(e) Inerting at 3.0 hr (10800 seconds), 2.0 Atmosphere
ChANGES ...t 202
FIGURE 3(a) Gas-freeing at 0.5 hr (1800 seconds), 0.33 Atmosphere
ChaNQES ... 203
FIGURE 3(b) Gas-freeing at 1.0 hr (3600 seconds), 0.67 Atmosphere
ChANGES ...t 204
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS + 2018 Docu ment§

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

FIGURE 3(c) Gas-freeing at 1.5 hr (5400 seconds), 1.0 Atmosphere

(O 3T 0o = TS SRR 204
FIGURE 3(d) Gas-freeing at 2.25 hr (8100 seconds), 1.5 Atmosphere
CRANGES .. 205
FIGURE 3(e) Gas-freeing at 3.0 hr (10800 seconds), 2.0 Atmosphere
(O 5T T 0o 1= SRR 205
FIGURE 4  Averaged Oxygen ConcentrationsS.........cccocuveeevnvieeesinieeennns 206
APPENDIX 1 Fatigue Strength Assessment of Tankers.........ccoocciiiieiniiiinnn, 207
1 GENETAl ..o e 207
11 NOTE .. 207
1.3 APPHCADINTY ... 207
15 [ = o 1o =3P EOTPERP 207
1.7 Effects Of COMrOSION .......cooiiiiiiiiie e 207
1.9 Format of the Criteria..........cuueiiiiiiiiieee e 208
3 Connections to be Considered for the Fatigue Strength
ASSESSIMENL. ... 208
3.1 (CT=T 1T | TR 208
3.3 Guidance 0N LOCALIONS .......coiiuiiiiiiieeeiiiiiieee e 208
5 Permissible StresSS RANQe........cccuvviiiiiiiiiiic e 215
5.1 ASSUMPLIONS ...t e e e e e e e e e 215
5.3 (O3 01 1= T TSR 215
5.5 Long Term Stress Distribution Parameter, y........ccccocceevvcviennnen 215
5.7 Permissible StressS RANGE ........oocvvviiiiiiie i 216
7 Fatigue Inducing Loads and Determination of Total Stress
RANGES....cco oo 218
7.1 GENETAL.....iiiiiiiiii e 219
7.3 Wave-induced Loads — Load Components..........ccccveevveeeinineeen. 219
7.5 Fatigue Assessment Zones and Controlling Load
(070] ] o] 0 F= i o] o H SRR 219
7.7 Primary StreSS ful....coivvieiiee i 220
7.9 SECONAArY SrESS a2 .cevviivieiiie et 220
7.11 Additional Secondary Stresses f*g2 and Tertiary Stresses fas ...... 220
9 Resulting StreSS RANJGES .....ccooiiiiiiiiiieee et 223
9.1 DEfiNItIONS ....oeiiiiicit e 223
11 Determination of Stress Concentration Factors (SCFS) ................. 224
111 GENEIAL....eeeee e 224
11.3 Sample Stress Concentration Factors (SCFS).......cccccceeevviiiiienen. 224
13 Stress Concentration Factors Determined From Finite Element
ANAIYSIS ..t 231
131 INEFOAUCHION ..o 231
13.3 SN DALA....ccoiiiiiiii 231
135 S-N Data and SCFS........cccceriiiiiiiiiii e 231
13.7 Calculation of Hot Spot Stress for Fatigue Analysis of Ship
SHUCLUIES . 234
10 ABS RULES FOR BUILDING AND CLASSINGC STEEL VQQ_G L!ments

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

TABLE 1 Fatigue Classification for Structural Details........................... 210

TABLE 1A CoOEffiCient, C...oooeeeeeeeiee et 216

TABLE 2 Ks (SCF) VAIUEBS ...ooeiiiiieieee e 224

FIGURE 1  Basic DeSign S-N CUIVES ......coeeeiiiiiiiiiiiiee et 217

FIGURE 2 CriZ Ch(l) eeeeeiiiiieeiiiiee e siiee ettt tee e sttt e 222
FIGURE 3  Cut-outs (Slots) For Longitudinal ............ccccceeeviiiiiiiinneeennn, 226
FIGURE 4  Fatigue Classification for Longitudinals in way of Flat Bar
SHUIENEI .. 228 -
FIGURE 5. 228
FIGURE B...ovoeoeeeviteis it 229
FIGURE 7...oeovvveeeoee oo eseoe e eesee e eeessese s 229

FIGURE 8. .ottt e e e e e e e 230

FIGURE 9  Doublers and Non-load Carrying Members on Deck or

Shell Plating .....ccvvviiiiee e 230

FIGURE 10....cceiiiiieiiiiie ettt ettt e e e e e e e s e e e e e e e 233

FIGURE 11 ., 233

FIGURE 12... . 233

FIGURE 13 ., 235

APPENDIX 2 Calculation of Critical Buckling StreSses .........cccccccvvvvvvvvvivvnninnnnnnnn 236

1 GENETAL ...t 236

3 Rectangular PIAtes. ..........cuiiiiiiiiiiiieie e 236

5 Longitudinals and Stiffeners...........ccccoiiii 239

5.1 AXial COMPIESSION ...eeiiiiiiiiiiiiiee et e e 239

5.3 Torsional/Flexural BUCKIING ..........ccuvviiiiiiiiiiiiiicee e 239

5.5 Buckling Criteria for Unit Corrugation of Transverse Bulkhead ... 240

7 Stiffened PanelS.........oooeeiiiiii e 242

7.1 Large Stiffened Panels ...........ccueeiiiiiiiii 242

7.3 Corrugated Transverse Bulkheads............cccccccoevviiiiiiee i, 243

9 Deep Girders, Webs and Stiffened Brackets...........ccccccceeeiiiinnee. 244

9.1 Critical Buckling Stresses of Web Plates and Large Brackets..... 244

9.3 Effects Of CUL-OULS ......uveiiiiiiiiiieiiee e 244

9.5 THIPPING ¢rettieee ittt e e e e e e e e e s st r e e e e e st arraaaeaeaaee 244

11 Stiffness and ProportionS...........ooouuviiiiiiiiii e 245

111 Stiffness of LongitudinalS..............oooeeiiiiiiiiiie e, 245

11.3 Stiffness of Web Stiffeners ... 246

115 Stiffness of Supporting MembEers .........cccccvevveeeiiiiciiiiiee e, 246

11.7 Proportions of Flanges and Face Plates............cccccooviveiiiineinnen. 246

11.9 Proportions of Webs of Longitudinals and Stiffeners................... 246

TABLE 1 Buckling Coefficient, Kj ... 237

FIGURE 1 Net Dimensions and Properties of Stiffeners..........ccccc........ 241

FIGURE 2. ., 243

ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS + 2018 Docu ment&

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

APPENDIX 3 Application to Single Hull Tankers .........cccocvviiiviiiiiniiiiiiiiiiiiniiniininnns 247

1 GENETAL ..o e 247

1.1 Nominal Design Corrosion Values..........ccccceovevvivieeeeeiicciiieeeeeenn 247

1.3 (o= Lo @1 ) (= T WU EO PRI 247

15 Strength Criteria.......oeeeeeieee e 247

3 Main SuppOorting StIUCLUIES ......cc.evveieeeee e ccciiiee e e e e 248

3.1 BOttOM TranNSVEISES......uuiieiiiiiieiieee ettt 248

3.3 [270]110] 0 I €71 (o [T &SRO 249

3.5 SIAE TrANSVEISES ... . ieieiiieee ettt e e e e e as 252

3.7 DECK TIANSVEISES.....eeiiiiiiiiiiieiieae ettt e e e 253

3.9 Longitudinal Bulkhead Vertical Webs ............ccccovvveveeeiiiciiieeneenn. 255

3.11 Other Main Supporting MEMDErS.........ccvveiiiiiieriiee e 257

3.13 ProportioNS .......coiiiiie i 257

5 Strength ASSESSMENT.........uiiiiiii e 257

5.1 GENEIAL.... it 257

5.3 Special CoNnSIderationsS ...........ccuvveiiieeeiiiiiiiee e 257

TABLE 1 Design Pressure for Local and Supporting Structures.......... 250

TABLE 2 Coefficient ¢ for Side TranSVerse.........cccccceeeeniciiiieeeeeeeinns 252

TABLE 3 Coefficients Ky and K, for Side Transverses..........ccccoevveee.. 253

TABLE 4 Coefficient c; FOr Deck TranSVerse.......cccccvvvveeeiivieeessiveeen 255

TABLE 5 Coefficient ¢ for Vertical Web on Longitudinal Bulkhead ...... 256
TABLE 6 Coefficients Ky and K, for Vertical Web on Longitudinal

BUIKNEAA ... 257

FIGURE 1  Spans of Transverses and Girders.........ccccccceveeviiiiiveennennn, 251

APPENDIX 4 Application to Mid-deck Tankers .........cccccvvvvvviiviiviiiiiiiiiiiiiiiiiiennnnnnnn, 258

1 GENETAL ..o 258

11 DESIGN CONCEPLS ....vveiiieeieiiiiiiiieee e et e et e e e e e e e 258

1.3 Design and Strength of Hull Structures...........ccccccceveeeiiiciiveeneenn. 258

3 (o= To l O 11 (=1 1= VTP UUTT R UOUPPPRPRPTN 259

3.1 Loading Patterns and Load Cases .........ccccceviiiuiieeieeeiiiiiiiieeeeeennn 259

3.3 Determination of Loads and Scantlings ..........cccocceveeeiiiciiieeneenn. 260

5 Srength CHLEMIA . ....ccoiiiiii e 261

5.1 Hull Girder and Structural Elements ...........ccoccieeiieiiiiiiieeneeenn. 261

5.3 Mid-0eCK SrUCTUIES....coeiiiiiiiiieee e 261

7 Srength ASSESSMENT.....ccoiiiiiiiiiiiie et 261

7.1 Failure Criterial.........eeieeee et 261

7.3 Special ConSIderations ...........ccuueeieieeeiiiiiiee e 261

FIGURE 1  Typical Cross Section for Mid-deck Tankers .............cccce..... 259

FIGURE 2 Loading Pattern........cccccveeeiiiiciiieieeee et e eiieee e 260

12 S ABS RULES FOR BUILDING AND CLASSING STEEL VQQLG yments

Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

APPENDIX 5 Hull Girder Ultimate Strength Assessment of Oil Carriers............. 262

ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018

Copyright American Bureau of Shipping
Provided by IHS
No reproduction or networking permitted without license from IHS

Full document details: ABS 2 PART 5C CH 1-6 2018

1 GENEIAL .. 262
3 Vertical Hull Girder Ultimate Limit State ............ccccccevveeviivciiiiennnn. 262
5 Hull Girder Ultimate Bending Moment Capacity .........ccccccceeevenneee. 263
5.1 GENEIAL ...t 263

5.3 Physical Parameters .........ccooociveiiiie i 264

55 Calculation ProCedure ...........ooccvviiiieeiiiiiiiiiee et 265

5.7 Assumptions and Modeling of the Hull Girder Cross-section....... 266

5.9 Stress-strain Curves o-¢ (or Load-end Shortening Curves)......... 268
FIGURE 1 Bending Moment — Curvature Curve M-«.........ccccvvvvveeennnns 263
FIGURE 2  Dimensions and Properties of Stiffeners ..........ccccovvveeenns 265
FIGURE 3  Example of Defining Structural Elements ............ccccccceeeeene 267
FIGURE 4  Example of Stress Strain CUIVeS 6-€......uuevveeeeviiiiiiiieneennnnnns 268
Documents

Document Sharing Hub

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

5C

CHAPTER 1 Vessels Intended to Carry Oil in Bulk (150 meters
(492 feet) or more in Length)

SECTION 1 Introduction

1 General

1.1 Classification (1 July 2001)

In accordance with 1-1-3/3 and 1-1-3/25, the classification notation ™ A1 Oil Carrier, SH, SHCM is to
be assigned to vessels designed for the carriage of oil cargoes in bulk, and built to the requirements of this
Chapter and other relevant sections of the Rules. As used in the Rules, the term ““oil’” refers to petroleum
products having flash points at or below 60°C (140°F), closed cup test, and specific gravity of not over
1.05. Vessels intended to carry fuel oil having a flash point above 60°C (140°F), closed cup test, and to
receive classification ® Al Fuel Oil Carrier, SH, SHCM are to comply with the requirements of this
Chapter and other relevant sections of the Rules, with the exception that the requirements for cofferdams,
gastight bulkheads and aluminum paint may be modified.

1.2 Optional Class Notation for Design Fatigue Life (2003)

Vessels designed and built to the requirements in this Chapter are intended to have a structural fatigue life
of not less than 20 years. Where a vessel’s design calls for a fatigue life in excess of the minimum design
fatigue life of 20 years, the optional class notation FL (year) will be assigned at the request of the
applicant. This optional notation is eligible, provided the excess design fatigue life is verified to be in
compliance with the criteria in Appendix 1 of this Chapter, “Fatigue Strength Assessment of Tankers”. Only
one design fatigue life value is published for the entire structural system. Where differing design fatigue
life values are intended for different structural elements within the vessel, the (year) refers to the least of
the varying target lives. The ‘design fatigue life’ refers to the target value set by the applicant, not the
value calculated in the analysis.

The notation FL (year) denotes that the design fatigue life assessed according to Appendix 1 of this
Chapter is greater than the minimum design fatigue life of 20 years. The (year) refers to the fatigue life
equal to 25 years or more (in 5-year increments) as specified by the applicant. The fatigue life will be
identified in the Record by the notation FL (year); e.g., FL(30) if the minimum design fatigue life
assessed is 30 years.

1.3 Application

1.3.1 Size and Proportion (1997)

The requirements contained in this Chapter are applicable to double hull tankers intended for
unrestricted service, having lengths of 150 meters (492 feet) or more, and having parameters
within the range as specified in 3-2-1/1.

1.3.2 Vessel Types

The equations and formulae for determining design load and strength requirements, as specified in
Section 5C-1-3 and Section 5C-1-4, are applicable to double hull tankers. For mid-deck or single
hull tankers, the parameters used in the equations are to be adjusted according to the structural
configurations and loading patterns outlined in Appendix 5C-1-A3 or Appendix 5C-1-A4. The
strength assessment procedures and the failure criteria, as specified in Section 5C-1-5, are applicable
to all types of tankers.
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Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)
Section 1 Introduction 5C-1-1

Double hull tanker is a tank vessel having full depth wing water ballast tanks or other non-cargo
spaces, and full breadth double bottom water ballast tanks or other non-cargo spaces throughout
the cargo area, intended to prevent or at least reduce the liquid cargo outflow in an accidental
stranding or collision. The size and capacity of these wing/double bottom tanks or spaces are to
comply with MARPOL 73/78 and national Regulations, as applicable.

Mid-deck tanker: Refer to 5C-1-A4/1.1, “Design Concepts”.

Single hull tanker is a tank vessel that does not fit the above definitions of Double hull tanker or
Mid-deck tanker.

1.3.3 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. For long term prediction of wave loads, realistic wave spectra covering
the North Atlantic Ocean and a probability level of 10®are to be employed.

1.3.4 SafeHull Construction Monitoring Program (1 July 2001)

For the class notation SH, SHCM, a Construction Monitoring Plan for critical areas, prepared in
accordance with the requirements of Part 5C, Appendix 1, is to be submitted for approval prior to
commencement of fabrication. See Part 5C, Appendix 1 “SafeHull Construction Monitoring
Program”.

15 Internal Members (2002)

1.5.1 Section Properties of Structural Members (1 July 2008)

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 or 5C-1-4/Figure 6, as applicable).
For structural member with angle 6 (see 5C-1-1/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 5C-1-1/Figure 1).

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

equation:
SM = ,SM,,
where
a, =  1.45-405/6
SMy, =  the section modulus at 6 = 90 degrees

The effective section area may be obtained from the following equation:
A=Ay, sin 0
where

A, =  effective shear area at 6 = 90 degrees

1.5.2 Detailed Design
The detailed design of internals is to follow the guidance given in 3-1-2/15 and 5C-1-4/1.5.

See also Appendix 5C-1-Al “Fatigue Strength Assessment of Tankers”.

ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 Docu mentg

..... 5 Document Sharing Hub

Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)
Section 1 Introduction 5C-1-1

FIGURE 1

6 =90°

Standard

1.7 Breaks

Special care is to be taken to provide against local stresses at the ends of the cargo oil spaces, superstructures,
etc., and throughout the structure in general. The main longitudinal bulkheads are to be suitably tapered at
their ends, and effective longitudinal bulkheads in the poop are to be located such as to provide effective
continuity between the structure in way of and beyond the main cargo spaces. Where the break of a
superstructure lies within the midship 0.5L, the required shell and deck scantlings for the amidship 0.4L
may be required to be extended to effect a gradual taper of the structure, and the deck stringer plate and
sheer strake are to be increased. See 5C-1-4/9.1 and 5C-1-4/9.3. Where the breaks of the forecastle or poop
are appreciably beyond the amidship 0.5L, the requirements for the deck stringer plate and sheer strake, as
specified in 5C-1-4/9.1 and 5C-1-4/9.3, may be modified.

1.9 Variations

Tankers of a special type or design, differing from those described in these Rules, will be specially considered
on the basis of equivalent strength.

1.11 Loading Guidance (1997)
Loading guidance is to be as required by 3-2-1/7, except that 5C-1-4/5 will apply for allowable shear stresses.

1.13 Pressure-Vacuum Valve Setting (1993)

Where pressure-vacuum valves of cargo oil tanks are set at a pressure in excess of the pressure appropriate
to the length of the vessel (see 5C-1-7/11.11.2), the tank scantlings will be specially considered.

Particular attention is to be given to a higher pressure setting of pressure-vacuum valves as may be required
for the efficient operation of cargo vapor emission control systems, where installed.
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Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)
Section 1 Introduction 5C-1-1

1.15 Protection of Structure
For the protection of structure, see 3-2-18/5.

1.17 Aluminum Paint (2014)

Paint containing greater than 10 percent aluminum is not to be used in cargo tanks, on tank decks in way of
cargo tanks, and in pump rooms and cofferdams, nor in any other area where cargo vapor may accumulate.

3 Special Requirements for Deep Loading

3.1 General (2003)

Where a vessel is intended to operate at the minimum freeboard allowed by the International Convention
on Load Lines, 1966 for Type-A vessels, the conditions in 5C-1-1/3.3 through 5C-1-1/3.11 are to be
complied with.

3.3 Machinery Casings

Machinery casings are normally to be protected by an enclosed poop or bridge, or by a deckhouse of
equivalent strength. The height of such structure is to be not less than 2.3 m (7.5 ft). The bulkheads at the
forward ends of these structures are to have scantlings not less than required for bridge-front bulkheads
(See 3-2-11/3). Machinery casings may be exposed, provided that they are specially stiffened and there are
no openings giving direct access from the freeboard deck to the machinery space. A door complying with
the requirements of 3-2-11/5.3 may, however, be permitted in the exposed machinery casing, provided that
it leads to a space or passageway which is as strongly constructed as the casing and is separated from the
engine room by a second door complying with 3-2-11/5.3. The sill of the exterior door is not to be less than
600 mm (23.5 in.), and the sill of the second door is not to be less than 230 mm (9 in.).

3.5 Access (1998)

Satisfactory arrangements are to be provided to safeguard the crew in reaching all areas used in the
necessary work of the vessel. See 3-2-17/3.

3.7 Hatchways

Exposed hatchways on the freeboard and forecastle decks or on the tops of expansion trunks are to be
provided with efficient steel watertight covers. The use of material other than steel will be subject to
special consideration.

3.9 Freeing Arrangements

Tankers with bulwarks are to have open rails fitted for at least half the length of the exposed parts of the
freeboard and superstructure decks, or other effective freeing arrangements are to be provided. The upper
edge of the sheer strake is to be kept as low as practicable. Where superstructures are connected by trunks,
open rails are to be fitted for the entire length of the exposed parts of the freeboard deck.

3.11 Flooding (2003)

Attention is called to the requirement of the International Convention on Load Lines, 1966, that tankers
over 150 m (492 ft) in freeboard length (see 3-1-1/3.3), to which freeboards less than those based solely on
Table B are assigned, must be able to withstand the flooding of certain compartments.

3.13 Ventilators (2003)

Ventilators to spaces below the freeboard deck are to be specially stiffened or protected by superstructures
or other efficient means. See also 3-2-17/9.
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5 Arrangement (1994)

5.1 General (2017)

The arrangements of the vessel are to comply with the requirements in Annex 1 to the International
Convention for the Prevention of Pollution from Ships with regard to segregated ballast tanks (Regulation 18),
their protective locations (Regulation 18.12), collision or stranding considerations (Regulation 19), accidental
oil outflow performance (Regulation 23), hypothetical outflow of oil (Regulation 25)*, limitations of size and
arrangement of cargo tanks (Regulation 26)*, and slop tanks (Regulation 29). A valid International Oil
Pollution Prevention Certificate issued by the flag administration may be accepted as evidence of
compliance with these requirements.

* Note: Hypothetical outflow of oil (Regulation 25) and limitations of size and arrangement of cargo tanks (Regulation 26)
do not apply to oil tankers delivered on or after 1 January 2010, as defined in MARPOL Annex | regulation 1.28.8.

53 Subdivision

The length of tanks, the location of expansion trunks and the position of longitudinal bulkheads are to be
arranged to avoid excessive dynamic stresses in the hull structure.

55 Cofferdams

Cofferdams, thoroughly oiltight and vented, and having widths as required for ready access, are to be
provided in order to separate all cargo tanks from galleys and living quarters, general cargo spaces which
are below the uppermost continuous deck, boiler rooms and spaces containing propulsion machinery or
other machinery where sources of ignition are normally present. Pump rooms, compartments arranged
solely for ballast and fuel oil tanks may be considered as cofferdams for the purpose of this requirement.

5.7 Gastight Bulkheads

Gastight bulkheads are to be provided in order to isolate all cargo pumps and piping from spaces
containing stoves, boilers, propelling machinery, electric apparatus or machinery where sources of ignition
are normally present. These bulkheads are to comply with the requirements of Section 3-2-9.

5.9 Cathodic Protection (1996)

5.9.1 Anode Installation Plan

Where sacrificial anodes are fitted in cargo or adjacent ballast tanks, their material, their disposition
and details of their attachment are to be submitted for approval.

5.9.2 Magnesium and Magnesium Alloy Anodes
Magnesium and magnesium alloy anodes are not to be used.

5.9.3 Aluminum Anodes (2006)

Aluminum anodes may be used in the cargo tanks and tanks adjacent to the cargo tanks of tankers
in locations where the potential energy does not exceed 275 N-m (28 kgf-m, 200 ft-1b). The height
of the anode is to be measured from the bottom of the tank to the center of the anode, and the
weight is to be taken as the weight of the anode as fitted, including the fitting devices and inserts.

Where aluminum anodes are located on horizontal surfaces, such as bulkhead girders and stringers,
which are not less than 1 m (39 in.) wide and fitted with an upstanding flange or face flat projecting
not less than 75 mm (3 in.) above the horizontal surface, the height of the anode may be measured
from this surface.

Aluminum anodes are not to be located under tank hatches or Butterworth openings unless
protected from falling metal objects by adjacent tank structure.

5.9.4  Zinc Anodes (2006)
There is no restriction on the positioning of zinc anodes.
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5.9.5 Anode Attachment

Anodes are to have steel cores sufficiently rigid to avoid resonance in the anode support, and the
cores are to be designed to retain the anode even when it is wasted.

The steel cores are to be attached to the structure by means of continuous welds at least 75 mm
(3in.) in length. Alternatively, they may be attached to separate supports by bolting. A minimum
of two bolts with locknuts is to be used.

The supports at each end of an anode are not to be attached to items of structure that are likely to
move independently.

Anode inserts and supports welded directly to the structure are to be arranged so that the welds are
clear of stress raisers.

5.11 Ports in Pump Room Bulkheads

Where fixed ports are fitted in the bulkheads between a pump room and the machinery or other safe space,
they are to maintain the gastight and watertight integrity of the bulkhead. The ports are to be effectively
protected against the possibility of mechanical damage and are to be fire resistant. Hinged port covers of
steel, having non-corrosive hinge pins and secured from the safe space side, are to be provided. The covers
are to provide strength and integrity equivalent to the unpierced bulkhead. Except where it may interfere
with the function of the ports, the covers are to be secured in the closed position. The use of material other
than steel for the covers will be subject to special consideration. Lighting fixtures providing strength and
integrity equivalent to that of the port covers will be accepted as an alternative.

5.13 Location of Cargo Oil Tank Openings
Cargo oil tank openings, including those for tank cleaning, which are not intended to be secured gastight at

all times during the normal operation of the vessel, are not to be located in enclosed spaces. For the purpose
of this requirement, spaces open on one side only are to be considered enclosed. See also 5C-1-1/5.23.

5.15 Structural Fire Protection
The applicable requirements of Section 3-4-1 are to be complied with.

5.17 Allocation of Spaces (1994)

5.17.1 Tanks Forward of the Collision Bulkhead

Tanks forward of the collision bulkhead are not to be arranged for the carriage of oil or other
liquid substances that are flammable.

5.17.2 Double Bottom Spaces and Wing Tank Spaces

For vessels of 5000 metric tons (4921 long tons) deadweight and above, double bottom spaces or
wing tanks adjacent to cargo oil tanks are to be allocated for water ballast or spaces other than
cargo and fuel oil tanks.

5.19 Access to Upper Parts of Ballast Tanks on Double Hull Tankers (1993)

Where the structural configuration within ballast tanks is such that it will prevent access to upper parts of
the tanks for required close-up examination (see 7-3-2/5.13.4) by conventional means, such as a raft on -
partly filled tank, permanent means of safe access is to be provided. Details of the access are to be submitted .
for review.

Where horizontal girders or diaphragm plates are fitted, they may be considered as forming part of a permanent
access. Alternative arrangements to the above may be considered upon submission.
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5.21 Access to All Spaces in the Cargo Area (1 October 1994)

Access to cofferdams, ballast tanks, cargo tanks and other spaces in the cargo area is to be direct and from
the open deck. Access to double bottom spaces may be through a cargo pump room, deep cofferdam, pipe
tunnel or similar space, provided ventilation is suitable.

For access through horizontal openings, hatches or manholes, the access is to be of a size such as to allow a
person wearing a self-contained, air-breathing apparatus and protective equipment (see 4-7-3/15.5) to ascend
or descend any ladder without obstruction and also to provide a clear opening to facilitate the hoisting of
an injured person from the bottom of the space. In general, the minimum clear opening is not to be less
than 600 mm (24 in.) by 600 mm (24 in.).

For access through vertical openings or manholes providing passage through the length and breadth of the
space, the minimum clear opening is not to be less than 600 mm (24 in.) by 800 mm (32 in.) at a height of
not more than 600 mm (24 in.) from the bottom shell plating unless gratings or other footholds are provided.

5.23 Duct Keels or Pipe Tunnels in Double Bottom (2000)

Duct keels or pipe tunnels are not to pass into machinery spaces. Provision is to be made for at least two
exits to the open deck, arranged at a maximum distance from each other. One of these exits may lead to
the cargo pump room, provided that it is watertight and fitted with a watertight door complying with the
requirements of 3-2-9/9.1 and in addition complying with the following:

i) In addition to bridge operation, the watertight door is to be capable of being closed from outside
the main pump room entrance; and

i) A notice is to be affixed at each operating position to the effect that the watertight door is to be
kept closed during normal operations of the vessel, except when access to the pipe tunnel is required.

For the requirements of ventilation and gas detection in duct keels or pipe tunnels, see 5C-1-7/31.17.1.

525 Ventilation (1996)

Holes are to be cut in every part of the structure where otherwise there might be a chance of gases being
“pocketed”. Special attention is to be paid to the effective ventilation of pump rooms and other working
spaces adjacent to oil tanks. In general, floor plating is to be of an open type not to restrict the flow of air,
see 5C-1-7/17.1 and 5C-1-7/17.5. Efficient means are to be provided for clearing the oil spaces of dangerous
vapors by means of artificial ventilation or steam. For cargo tank venting, see 5C-1-7/11 and 5C-1-7/21.

5.27 Pumping Arrangements
See applicable requirements in Section 5C-1-7.

5.29 Electrical Equipment
See 5C-1-7/31.

5.31 Testing
Requirements for testing are contained in Part 3, Chapter 7.

5.33 Machinery Spaces

Machinery spaces aft are to be specially stiffened transversely. Longitudinal material at the break is also to
be specially considered to reduce concentrated stresses in this region. Longitudinal wing bulkheads are to
be incorporated with the machinery casings or with substantial accommodation bulkheads in the tween
decks and within the poop.
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5.35 Location of Fuel Tanks in Cargo Area (1 July 2017)

Fuel tanks that have a common boundary to cargo tanks are not to be situated within the cargo tank block.
Such tanks may, however, be situated at the forward and aft ends of the cargo tank block instead of cofferdams.
Fuel tanks are not to extend either fully or partly into cargo or slop tanks. They may, however, be located
as independent tanks on open deck in the cargo area subject to spill and fire safety considerations. Fuel
tanks are not permitted to extend into the protective area of cargo tanks required by MARPOL Annex I.

The arrangement of independent fuel tanks and associated fuel piping systems, including the pumps, can
be as for fuel tanks and associated fuel piping systems located in the machinery spaces, see 4-6-4/13. For
electrical equipment, requirements to hazardous area classification are to be taken into account.

The cargo tank block, shown in 5C-1-1/Figure 2, is the part of the ship extending from the aft bulkhead of
the aftmost cargo or slop tank to the forward bulkhead of the forward most cargo or slop tank, extending to
the full depth and beam of the ship, but not including the area above the deck of the cargo or slop tank.

FIGURE 2
Cargo Tank Block (7 July 2017)
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5C

CHAPTER 1 Vessels Intended to Carry Oil in Bulk (150 meters
(492 feet) or more in Length)

SECTION 2 Design Considerations and General Requirements

1 General Requirements (1995)

1.1 General (1995)

The strength requirements specified in this Chapter are based on a “net” ship approach. In determining the
required scantlings and performing structural analyses and strength assessments, the nominal design
corrosion values given in 5C-1-2/Table 1 are to be deducted.

1.3 Initial Scantling Requirements (1995)

The initial thickness of plating, the section modulus of longitudinals/stiffeners, and the scantlings of the
main supporting structures are to be determined in accordance with Section 5C-1-4 for the “net” ship.
These “net” ship values are to be used for further assessment as required in the following paragraph. The
relevant nominal design corrosion values are then added to obtain the full scantling requirements.

15 Strength Assessment — Failure Modes (1995)

A total assessment of the structures, determined on the basis of the initial strength criteria in Section 5C-1-4
is to be carried out against the following three failure modes.

1.5.1 Material Yielding

The calculated stress intensities are not to be greater than the yielding state limit given in 5C-1-5/3.1
for all load cases specified in 5C-1-3/9.

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 5C-1-5/5. In addition, the hull girder ultimate strength
is to be in accordance with 5C-1-5/5.11.

1.5.3 Fatigue

The fatigue strength of structural details and welded joints in highly stressed regions is to be
analyzed in accordance with 5C-1-5/7.

1.7 Structural Redundancy and Residual Strength (1995)

Consideration should be given to structural redundancy and hull girder residual strength in the early design
stages.

In addition to other requirements of these Rules, vessels which have been built in accordance with the
procedure and criteria for calculating and evaluating the residual strength of hull structures, as outlined in
the ABS Guide for Assessing Hull Girder Residual Strength, will be classed and distinguished in the
Record by the symbol RES placed after the appropriate hull classification notation.
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Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)
Section 2 Design Considerations and General Requirements 5C-1-2

3 Nominal Design Corrosion Values (NDCV) (1995)

3.1 General

As indicated in 5C-1-2/1.1, the strength criteria specified in this Chapter are based on a “net” ship approach,
wherein the nominal design corrosion values are deducted.

The “net” thickness or scantlings correspond to the minimum strength requirements acceptable for
classification, regardless of the design service life of the vessel. In addition to the coating protection specified
in the Rules for all ballast tanks, minimum corrosion values for plating and structural members as given in
5C-1-2/Table 1 and 5C-1-2/Figure 1 are to be applied. These minimum 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.
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Part 5C Specific Vessel Types

Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)

Section 2 Design Considerations and General Requirements

5C-1-2

Nominal Design Corrosion Values (NDCV) (1995)
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Part 5C Specific Vessel Types
Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)

Section 2 Design Considerations and General Requirements 5C-1-2
TABLE 1
Nominal Design Corrosion Values (NDCV) (1995)
Nominal Design Corrosion Values
in mm (in.)
Ballast Tank
Structural Element/Location Cargo Tank Effectively Coated
Deck Plating 1.0 (0.04) 2.0 (0.08)
Side Shell Plating NA 1.5 (0.06)
Bottom Plating NA 1.0 (0.04)
Inner Bottom Plating 1.5 (0.06)
Longitudinal Bulkhead Plating Between cargo tanks 1.0 (0.04) ‘ N.A.
Other Plating 1.5 (0.06)
Transverse Bulkhead Plating Between cargo tanks 1.0 (0.04) ‘ N.A.
Other Plating 1.5 (0.06)
Transverse & Longitudinal Deck Supporting Members 1.5 (0.06) 2.0 (0.08)
Double Bottom Tanks Internals (Stiffeners, Floors and Girders) N.A. 2.0 (0.08)
Vertical Stiffeners and Supporting Members Elsewhere 1.0 (0.04) 1.0 (0.04)
Non-vertical Longitudinals/Stiffeners and Supporting Members Elsewhere 1.5 (0.06) 2.0 (0.08)
Notes
1 It is recognized that corrosion depends on many factors including coating properties, cargo composition, inert gas
properties 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 For nominal design corrosion values for single hull and mid-deck type tankers, see Appendix 5C-1-A3 and
Appendix 5C-1-A4.
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5C

CHAPTER 1 Vessels Intended to Carry Oil in Bulk (150 meters
(492 feet) or more in Length)

SECTION 3 Load Criteria

1 General

1.1 Load Components (1995)

In the design of the hull structure of tankers, all load components with respect to the hull girder and local
structure as specified in this Chapter and Section 3-2-1 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 (1995)

3.1 Still-water Bending Moment
For still-water bending moment calculations, see 3-2-1/3.3.

When a direct calculation of wave-induced loads [i.e., longitudinal bending moments and shear forces,
hydrodynamic pressures (external) and inertial forces and added pressure heads (internal)] is not submitted,
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 5C-1-3/Figure 1 are to be considered in
determining local static loads.
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Section 3 Load Criteria 5C-1-3

FIGURE 1
Loading Pattern (71 July 2005)

a. Load Cases No. 1 and 3
2/3 Design Draft

b. Load Cases No. 2 and 4
0.9 Design Draft
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c. Load Case No. 5 g. Load Case No. 9 * d. Load Case No. 6 h. Load Case No. 10 *
2/3 Design Draft 1/4 Design Draft 2/3 Design Draft 1/4 Design Draft

e. Load Case No. 7 f. Load Case No. 8
2/3 Design Draft Design Draft

For detailed loading information see 5C-1-3/Table 1A and 5C-1-3/Table 1B.

* For L.C. 9 and 10, where static conditions, such as tank testing, that have the same load pattern as the center row of tanks
resulting in a draft less than 1/4 Design Draft, the actual static condition draft is to be used. For vessels with two outer
longitudinal bulkheads only (inner skin), the minimum actual static condition or tank test draft is to be used. The value of
ks=1.0 is to be used in all tanks. The tanks are to be loaded considering the actual height of the overflow pipe, which is not
to be taken less than 2.44 m (8 feet) above the deck at side.

(1 July 2005) For a hull structure with the main supporting members that are asymmetric forward and after the mid-tank
transverse bulkheads, the above load cases are to be evaluated by turning the finite element model by 180 degrees with
respect to the vertical axis.

(1 July 2005) For a hull structure that is asymmetric with respect to the centerline plane, the additional load cases mirroring
the above asymmetric load case are to be evaluated.
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Section 3 Load Criteria 5C-1-3

5 Wave-induced Loads (1995)

5.1 General
Where a direct calculation of the wave-induced loads is not available, the approximation equations given
below and specified in 3-2-1/3.5 may be used to calculate the design loads.

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.

5.3 Horizontal Wave Bending Moment and Shear Force (1995)

5.3.1 Horizontal Wave Bending Moment

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

M,, = + m,K,C,L?DC, x 10° KN-m (tf-m, Ltf-ft)
where

m, = distribution factor, as given by 5C-1-3/Figure 2

Ky = 180 (18.34, 1.68)

D = depth of vessel, as defined in 3-1-1/7, in m (ft)

C, L,and C, are as given in 3-2-1/3.5.

5.3.2 Horizontal Wave Shear Force

The envelope of horizontal wave shearing force, F,, positive (toward port forward) or negative
(toward starboard aft), may be obtained from the following equation:

F==f kC,LD(C, + 0.7) x 102 kN (tf, Ltf)

where

fi distribution factor, as given in 5C-1-3/Figure 3

k 36 (3.67, 0.34)
C, L, Dand C, are as defined in 5C-1-3/5.3.1 above.

55 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:

p.= po(h+k, hy) >0 N/cm? (kgficm?, Ibf/in?)

where
pg = specific weight of sea water
= 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 Ibf/in?-ft)
h, = hydrostatic pressure head in still water, in m (ft)
K, = load factor, and may be taken as unity unless otherwise specified.
he = hydrodynamic pressure head induced by the wave, in m (ft), may be
calculated as follows:
= K: Ny
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where
K, = correlation factor for a specific combined load case, as given in 5C-1-3/7.1
and 5C-1-3/9
hy = hydrodynamic pressure head, in m (ft), at location i (i =1, 2, 3, 4 or 5; see

5C-1-3/Figure 4)
= K, hy, in m (ft)
K, = distribution factor along the length of the vessel

= 1+ (k,—1)cosu Kk, isasgivenin5C-1-3/Figure 5

= 1.0 amidships
h, = 136kC, inm(ft)
C, = as defined in 3-2-1/3.5
= 1(1,3.281)
o = distribution factor around the girth of vessel at location i.

= 1.00-0.25cos 4  fori=1,at WL, starboard

= 0.40-0.10cos i fori =2, at bilge, starboard
= 0.30 - 0.20 sin 1 for i = 3, at bottom centerline
= 204-q for i = 4, at bilge, port

= 0.75-1.25sinyx  fori=5, at WL, port

o; at intermediate locations of i may be obtained by linear interpolation.

y7, = wave heading angle, to be taken from 0° to 90° (0° for head sea, 90° for
beam sea for wave coming from starboard)

The distribution of the total external pressure including static and hydrodynamic pressure is illustrated
in 5C-1-3/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 5C-1-3/5.5.1 with k,, as given in 5C-1-3/7 and 5C-1-3/9.

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 = PO, + ki k, hy) =0 N/cm? (kgf/cm?, 1bf/in?)
where

k; is a factor denoting the phase relationship between the reference station and adjacent stations
considered along the vessel’s length, and may be determined as follows:

ki =k {1-[1-cos ﬂ[x")]cos#}

where

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

X, = distance from A.P. to the reference station™, in m (ft).

L = the vessel length, as defined in 3-1-1/3, in m (ft)
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y7, = the wave heading angle, to be taken from 0° to 90°
ki, =  *1.0, as specified in 5C-1-3/Table 1.

*  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.

The simultaneous pressure distribution around the girth of the vessel is to be determined based on
the wave heading angles specified in 5C-1-3/7 and 5C-1-3/9.
5.7 Internal Pressures — Inertia Forces and Added Pressure Heads (1995)

5.7.1 Ship Moations and Accelerations

To determine the inertial forces and added pressure heads for a completely filled cargo or ballast
tank, the dominating ship 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 (1 July 2005). The pitch amplitude: (positive bow up)
o = k,(V/C,)Y*/L, in deg., but need not to be taken more than 10 deg.

The pitch natural period:

T, = K, 4/Cp d; seconds.
where
k, = 1030 (3378) for L in m (ft)
) = 3.5(1.932) for d; in m (ft)

\Y = 75% of the design speed V, in knots for the purpose of calculating pitch and
roll amplitudes for both strength and fatigue strength formulation. V is not to
be taken less than 10 knots. V, is defined in 3-2-14/3.

d = draft amidships for the relevant loading conditions.

L and C, are defined in 3-1-1/3.1 and 3-1-1/11.3, respectively.
5.7.1(b) Roll (1 July 2005). The roll amplitude: (positive starboard down)
0 =C;(35—-k,C, 4/1000) if T, > 20 seconds.
0 =Cy(35-k,C, 4/1000) (1.5375 - 0.027T,)  if12.5<T, <20 seconds
0 =C(35-k,C, 4/1000) (0.8625 + 0.027T,)  if T, <12.5 seconds
where

6 is in degrees, but need not to be taken greater than 30°.
0.005 (0.05, 0.051)

= 1.3 -0.025Vv

=~
3
1

X

= 1.06(d/d) - 0.06

2 0 0
|

= draft amidships for the relevant loading conditions, m (ft)
= draft, as defined in 3-1-1/9, m (ft)

kyLBd; C, KN (tf, Ltf)

10.05 (1.025, 0.0286)

~ N o
1 1 |

d

L and B are as defined in Section 3-1-1.
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The roll natural motion period:
T, =k, k. /GM¥? seconds
where
K, = 2(1.104) fork, GM inm (ft)

K, = roll radius of gyration, in m (ft), and may be taken as 0.35B for full load
conditions and 0.45B for ballast conditions.

GM = metacentric height, to be taken as:
= GM (full) for full draft
= 1.1 GM (full) for 9/10 d;

= 1.5 GM (full) for 2/3 d;
= 2.0 GM (full) for 1/2 d;

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 (1 July 2005). The vertical, longitudinal and transverse accelerations of
tank contents (cargo or ballast), a,, a, and a, may be obtained from the following formulae:

a,= C,k,a,9 m/sec? (ft/sec?) positive downward

a,= C,k,a,g m/sec? (ft/sec?) positive forward

a,= Cka,g m/sec? (ft/sec?) positive starboard
where

a, = Kk, (2.4/LY2+34/L - 600/L?) for Linm

=k, (4.347/LY2+ 111.55/L — 6458/L?) for L in ft

K = 1.3-0.47C, for strength formulation and assessment of local structural
elements and members in Section 5C-1-4, 5C-1-5/1, 5C-1-3/3 and 5C-1-5/5.

= 0.86 + 0.048V — 0.47C, for fatigue strength formulation in 5C-1-5/7 and
Appendix 5C-1-Al

C, = cos u+ (1 +2.4z/B) (sin w)/k,

7, = wave heading angle in degrees, 0° for head sea, and 90° for beam sea for
wave coming from starboard

k, = [1+0.65(5.3-45/L)(x/L - 0.45)%]" forLinm

= [1+0.65(5.3 - 147.6/L)? (x/L — 0.45)*]*?? for L in ft

C, = 0.35-0.0005(L - 200) forLinm
= 0.35-0.00015 (L — 656) for L in ft

k, = 0.5+ 8y/L

C, = 127[1+152(x/L - 0.45)%]Y2

k. = 035+y/B

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

5.7.2 Internal Pressures

5.7.2(a) Distribution of Internal Pressures. (1 July 2000) The internal pressure, P, (positive
toward tank boundaries), for a completely filled tank may be obtained from the following formula:

pp = kpdg(n+k,hy)+p,=0 in N/cm? (kgf/cm?, Ibf/in?)
Po = (pp—P)20 in N/cm? (kgf/cm?, Ibf/in?)
where

Py = pressure setting on pressure/vacuum relief valve < 6.90 N/cm? (0.71 kgf/cm?,
10.00 Ibf/in?) for integral-gravity tanks

p, =  2.06N/cm?(0.21 kgf/cm?, 3.00 Ibf/in?)

pg = specific weight of the liquid, not to be taken less than 1.005 N/cm?-m
(0.1025 kgf/cm?-m, 0.4444 Ibf/in?-ft)

n = local coordinate in vertical direction for tank boundaries measuring from the

top of the tanks, as shown 5C-1-3/Figure 7, in m (ft)

For lower ballast tanks, a distance equivalent to 2/5 of the distance from the top of the tank to the
top of the overflow [minimum 760 mm (30 in.) above deck] is to be added to #.

k load factor — see also 5C-1-3/5.7.2(c)

S

= 1.0 for structural members 1 through 10 in 5C-1-3/Table 3, and for all loads
from ballast tanks

= 0.878 for pg of 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 Ibf/in-ft) and
1.0 for p g of 1.118 N/cm?-m (0.114 kgf/cm?-m, 0.4942 Ibf/in?-ft) and above
for structural members 11 through 17 in 5C-1-3/Table 3

For cargo p g between 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 Ibf/in-ft)
and 1.118 N/ecm?-m (0.114 kgf/cm?-m, 0.4942 Ibf/in?-ft), the factor k, may be
determined by interpolation

k = load factor and may be taken as unity unless otherwise specified

hy =  wave-induced internal pressure head, including inertial force and added
pressure head.

= k.(773;/g + Ah;) in m (ft)
k = correlation factor and may be taken as unity unless otherwise specified

a = effective resultant acceleration, in m/sec? (ft/sec?), at the point considered
and may be approximated by

= 0.71Cy [w, a, + w,(¢/h)a, + w(b/h)a]
Cyp Is as specified in 5C-1-3/5.7.2(d).
a,, a,and a, are as given in 5C-1-3/5.7.1(c).

w,, w, and w, are weighted coefficients, showing directions, as specified in 5C-1-3/Table 1 and
5C-1-3/Table 3.
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Ahy = added pressure head due to pitch and roll motions at the point considered, in
m (ft), may be calculated as follows
)] for bow down and starboard down (¢, <0, 6, > 0)
Ahy = &sin(-¢,) + C,, (¢, sin 6, cos ¢, + 7, cos 6, cos ¢, — 77)
& = b-¢
e = n

i) for bow up and starboard up (¢, > 0, 6, < 0)

Ah = (£=¢)sin g, + Cp, (& sin(=0,) cos ¢, + 7, cos O, Cos ¢, — 77)
& = {9
. = n-4§

&, ¢, n are the local coordinates, in m (ft), for the point considered with respect to the origin in
5C-1-3/Figure 7.

C,, is as specified in 5C-1-3/5.7.2(d).

o, and ¢, are local coordinates adjustments, in m (ft), for the point considered with respect to the
origin shown in 5C-1-3/Figure 7.

where
= 0.71C,6

ee
¢ = 0.71C, ¢
14 = 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 O are pitch and roll amplitudes, as given in 5C-1-3/5.7.1(a) and 5C-1-3/5.7.1(b)

C,and Cyare weighted coefficients, showing directions as given in 5C-1-3/Table 1 and 5C-1-3/Table 3

Where pressure-vacuum valves of cargo tanks are set at greater than 2.06 N/cm? (0.21 kgf/cm?,
3 Ibf/in?), the value of P, is to be increased appropriately.

5.7.2(b) Extreme Internal Pressure. For assessing local structures at a tank boundary, the extreme
internal pressure with k, as specified in 5C-1-3/7, is to be considered.

5.7.2(c) Simultaneous Internal Pressures (1 July 2000). In performing a 3D structural analysis,
the internal pressures may be calculated in accordance with 5C-1-3/5.7.2(a) and 5C-1-3/5.7.2(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 ship motions along the length of the
vessel.

Note: In performing a 3D structural analysis, k, in 5C-1-3/5.7.2(a) is to be taken as:

k = 1.0 for all loads from ballast tanks

S
= 0.878 for p g of 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 Ibf/in-ft) and
1.0 for p g of 1.118 N/cm?-m (0.114 kgf/cm?-m, 0.4942 Ibf/in?-ft) and above
for all loads from cargo tanks

For cargo p g between 1.005 N/cm?-m (0.1025 kgf/cm?-m, 0.4444 Ibf/in-ft)
and 1.118 N/ecm?-m (0.114 kgf/cm?-m, 0.4942 Ibf/in?-ft), the factor k, may be
determined by interpolation
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5.7.2(d) Definition of Tank Shape and Associated Coefficients

i) 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

where
b = extreme breadth at the tank top 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 5C-1-3/Figure 7.
The coefficients C,, and C,, are as follows:
Cyp=0.7
C.,=10
i) Rectangular Tank
The following tank is considered as a rectangular tank:
b/b, <3.0 or h/h, <3.0
The coefficients C,; and C,, of the tank are as follows:
Cyp=1.0
C,=10
iii) U-shaped Tank
A half of a “U-shaped” tank, divided at the centerline, should satisfy the condition of a “J-shaped” tank.
The coefficients Cy, and C,, are as follows:
Cyp=05
C,=07

iv) In a 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 coefficients C,, and C,, of the tank are to be determined by the
following interpolation:

J-shaped Tank in head and non-head seas, U-shaped Tank in head seas:
Cgp=1.0 - 0.3 (the min. tank ratio - 3.0) / 2.0

U-shaped Tank in non-head seas:
Cgp=1.0 - 0.5 (the min. tank ratio - 3.0) / 2.0

U-shaped Tank:
C,, = 1.0 - 0.3 (the min. tank ratio - 3.0) / 2.0

V) For non-prismatic tanks mentioned above, b,, h and h, are to be determined based on the
extreme section.
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FIGURE 2
Distribution Factor mn (1995)
1.0
=
e
o
2
2
a
0.0
0.0 0.4 0.6 1.0
Aft Forward
end of L end of L
Distance from the aft end of L in terms of L
FIGURE 3
Distribution Factor fn (1995)
1.0~ r N
1 1
1 1
1 1
= i i
= i i
0.7f-========f--- $===--- - )
[ 1 1 1
2 i i i
5 i i i
O 1 1 1
—_ 1 1 1
= I I 1
2 | | i
@ P :
1 1 1
1 1 1
1 1 1
1 1 1
i | i
1 1 1
1 1 1
1 1 1
0.0 L L :
0.0 0.2 0.3 0.4 . . . .
Aft Forward
end of L _ _ end of L
Distance from the aft end of L in terms of L
ABS RULES FOR BUILDING AND CLASSING STEEL VESSELS * 2018 Docu mentﬁ
Document Sharing Hub
Copyright American Bureau of Shipping
Provided by IHS Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ABS 2 PART 5C CH 1-6 2018


http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018
http://www.avadocuments.com/doc/abs-2-part-5c-ch-1-6-2018

Part 5C Specific Vessel Types

Chapter 1 Vessels Intended to Carry Oil in Bulk (150 m (492 ft) or more in Length)
Section 3 Load Criteria 5C-1-3

FIGURE 4
Distribution of hgi (1995)
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FIGURE 5
Pressure Distribution Function k. (1995)
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FIGURE 6
lllustration of Determining Total External Pressure (7997)
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Note:  h* =k, k_h, for nominal pressure

h* = kfku h,, for simultaneous pressure
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FIGURE 7
Definition of Tank Geometry (1995)
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For lower ballast tanks, 7 is to be measured from a point located at 2/; the distance from the top of the tank
to the top of the overflow (minimum 760 mm above deck).
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