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Main changes

General

The present edition supersedes the June 2001 edition.

Main changes

Reference to DNV -RP-C203 Fatigue Strength Analysis of
Offshore Steel has been included. Reference to BS 7035
has been deleted (Ch.1, Sec.1).

Harriswind spectrum has been deleted and more informa-
tion regarding squallsisincluded, (Ch.2 Sec.1)

Design with respect to Vortex Induced Motions (VIM) is
included (Ch.2 Sec.1).

For floating production/storage units and offshore loading
buoys analysis which include the effect of anchor line
dynamics shall always be carried out regardliess of water
depth, (Ch.2 Sec.2).

Definitions regarding operation in Consequence Class 1
and 2 has been updated (Ch.2 Sec.2). Main changes are:

— The mooring system of units designed for production
and or injection of oil, water and or gas through a sys-
tem of flexible, steel catenary or rigid risers shall be
designed according to Consequence Class 2, when the
unit is not designed for emergency disconnection.

— Themooring system of semi-submersibles accommo-
dation units in standby position of at least 150 m can
be designed according to Consequence Class 1.

E. Operational States have been deleted (Ch.2 Sec.2).

Updated requirements regarding corrosion allowance for
chain on the Norwegian Continental Shelf, (Ch.2 Sec.2
Table E1, perilously Table F1)

Guidance Note regarding stress concentration factors for
chain in fairleads with 5 and 7 pockets has been deleted
(Ch.2 Sec.2).

Requirements for structural design and material for
anchors and load attachment points (padeyes) included.
Design requirements for long term mooring are separated
from mobile mooring (Ch.2 Sec.4).

Updated requirements for anchor shacklesto be appliedin
long term mooring (Ch.2 Sec.4).

The text regarding windlasses winches and chain stoppers
have been reorganised (Ch.2 Sec.4).

Requirements regarding skew loads caused by bearing
friction in the design of fairleads have been included (Ch.2
Sec.4).

Proof testing of anchors has been moved from Ch.2 Sec.5
toCh.3sec.1

Requirements for testing of chain stoppers have been
included (Ch.2 Sec.5).

A table giving requirements for certification of material
has been included in Ch.2 Sec.2.

Requirements for anchors used on mobile mooring have
been included and updated (Ch.3 Sec.2).

DET NORSKE VERITAS



Offshore Standard DNV-OS-E301, October 2004 Amended April 2007
Page 4 — Changes see note on front cover

DET NORSKE VERITAS



Amended April 2007 Offshore Standard DNV-OS-E301, October 2004

see note on front cover Contents — Page 5
CONTENTS
CH.1 INTRODUCTION ...ccccoiiiiieeeiere e 9 C. CharaCteristiC CapaCity .......cccorererirerererieieesie e 32
C 100 Characteristic capacity for theULSand ALS................ 32
SEC. 1 General.....ccooiiiiiiiieee e 11 C 200 Mainbody of Mooring liN........ccoeverireererireeerenereeenenne 32
C 300 Connecting linksand terminations............ccoccecveeeeerenne. 32
AL GENENAL.....oc e
A 100 Introduction D. Partial Safety Factors and Premises.......coccvveeeveenvneeseneenes 32
A 200  OBJECHVES ....cocviiirieiiririeeereeie st D 100 ConsequenCe Classes. ... 32
A 300 Scopeand appliCation..........cccoeeeererieeeenneeeseseseee e 11 D 200 Partial safety factorsfor the ULS.......ccooveecinicicninnen 33
D 300 Partial safety factorsfor the ALS.......ccccveiiiviciieine 33
B. Normative REfErences..........cooovevccicnnvnsceeeecess 11 D 400 Typical operations covered by consequenceclass1.......33
B 100  GENEIAl.....ooeeiiiiii et 11 D 500 Typica operations covered by consequence class2....... 33
) D 600 Permissible horizontal offset .......cccccevvevcviiccicccce 34
C. Informative REFEIENCES.......c.ccvvirieeri ettt 11 D 700 Permissiblelinelength.......cccoomeoereeerererecssnessene. 34
C 100 GENEIA ...ccoeeeceeeeeeeeee ettt et nreas 11 D 800 ANChOr PAErN ....cveecececeeeeeeeeeeee et 34
D. DEfINIIONS.....cociuiiitieieecee ettt e re s E. Additional Requirements for Long Term Mooring............... 34
D 100 Verbal forms R (0 O T €7='0 1= = DT 34
[0 B 1= 1 4R E 200 COrroSioN @lOWaNCE ... 35
E. Abbreviations and SymbolS...........cccoovissisrrisvvivisinniisssses 12 F. Fatigue Limit State (FLS).........cccemmmrerrrreereeeeeessesmassereen 35
E 100 ADbreviations........ccccccveeveevieierese e ssesnennens 12 F 100 Accumulated fatigue damage .......c.cocevveverceerreeerrneennn. 35
E 200 SYyMbDOIS ..o 13 F 200 FatiguePropertiesS......oveeceieeeeeieessessesssssesssssssseennns
. F 300 Fatigueanalysis........ccocoerrrucirnnas
F. DOCUMENLALION......coiveiiiiiniiien s 14 £ 400 Design equation format
F 100 General .................. LT T T R P P PR P SRRSO 14 F 500 Effect of number of fat|gue tests on desi gncurve.......... 37
F 200 Design documentation ........ccoceeeievevirierisieseeisieseseseenes 14
G. Fatigue Limit State (FLS) for Fibre ROPES.......cc.ccccecerverienene 38
CH.2 TECHNICAL PROVISIONS........cccccevvriererne 17 G 100  GENEIEA ...ttt ee st tsnaeneeseeseennes 38
. o G 200 R-N curvefortension —tension fatigue..........cc.cccceueneeee. 38
Sec.1  Environmental Conditionsand Loads.............. 19 G 300 Design equation fOrMat...........coc.coovcoeeeeereeesmeesrersseesennes 38
AL GENEIAL....iii e s 19  H. Reliability ANAYSIS ....cccuiueieeeeeeeeectce e 38
A 100  ODJECHIVE....ceiieceireeeee e s 19 H 100 Target annual Probabilities........c.coecveeveveevererecreriennnnas 38
A 200  APPHCAION......ccciieeeeeeese e 19
I, REFEIENCES.. ..ot 39
B. Environmenta Conditions
B 100 Sec. 3  Thruster Assisted MOONNG......ccovveereereerinnens 40
B 200
B 300 Y T 0T - | S 40
B 400 A 100  ODJECHVE.....cuiieieieiririeteerereeie e 40
B 500 A 200  APPHCALION ..o 40
A 300 DEfINITIONS ..o 40
B 600
B 700 B. Available ThruSt ......cccoeiiineiririe e 40
B 100 Determination of available thrust capacity .........cccccu.c. 40
C. Environmental LOA0S.........ccovrveeirnmeernriineeee s
C 100 WING T0BOS.c...veeeeeeeeeeeeeeeeeeeeeeeee e eeeenee e C. MENOO........ciieceee e 41
C 200  CUurrent [0ads.........covuceerrmeeceeirinietieisseeieesesessee s C 100 Meanload reduCtion ............ccouieeeierereineeenneneninees 41
C 300 WaVeloadS......coceereiriirieirieeeieseeecse e C 200 System dynamic analySiS.......cceoererererieneeseeiereneneseenes 41
C 400 Wavedrift forces.....ccocvvevvecvrennne )
C 500 Wave frequency motions D. System ReqUIreMENES .......cceeeerireinieeeesiese e
C 600 LOW frequency MOtIONS.........cc.evcveveceereereeeeeseeseesessnnen, D 100 Thruster SYStEMS.......cccoeeriineeereeeeeereeee e sienens
D 200 POWEr SYSIEM ...ooviiriiiieeieeeeeeiesresesre e e
D. Vortex Induced Motion (VIM) .....ccoeevevenineneneecsesieneeies 26 D 300 Control systems..............
D 100  GENEMEl....ccooeeureereeeeeerieeeeresese e ee e 26 D 400 Manual thruster control
D 200 Conditionsfor VIM t0 OCCUN ........cccoevveeereverreiereireneeenes 26 D 500 Remotethrust control, joystick system..........cccoecenunee. 42
D 300 VIM @nalySiS....ccceoeiriirireiiiiieieeieeisie e 26 D 600 Automatic thruster control..........cccocvveenrseennneicnennns 42
D 400 ULS@NdALS. ..ot 27 D 700 AUOMALIC CONIOL ..o 42
D 500 FLS .ottt s 28 D 800 MONITOMNG ....crveuereereenirieieie e 42
D 900 Consegquence anaysis— Failure mode and effect
REFEIENCES ...t e 28 ANAYSIS (FMEA) ... 43
D 1000 SIMUIBHON. ...ccccireeuiriereriereeiereeesie e 43
Sec.2 Mooring System AnalysiS........ccvevveevenieeiiennene 29 D 1100 LOQGING....iiiiirireriirirererseessesesssssesessssssesesessesesessssesesssas 43
D 1200 Self-mONitoring......c.cccoeoerererereeerieneee e 43
AL GENEFAL.....oi e 29
A 100 ODJECHIVE...ciiiieeecrereesseess s sssssssesenas 29 E. System Responseto Magjor Fallures..........ccccvevveveeccnenieene, 43
A 200  APPHCATON. ..o s 29 E 100 Linefailure.....cccoooiiniinieneeceriesieeeesee e
E 200 Blackout prevention..................
B. E 300 Thruster tofull power ................
B E 400 Gyrocompassdrift........ccccoeee.
B 200 Floating platform response analysiS........ccoveverveerenenenes E 500 Position reference fault
B 300 Mooring lineresponse anaysis..........cocoveeeiiiniicicrnnnns E 600 Other major fallures.........cocovviveveeiivereeisseeeesseeeees e,
B 400 Characteristic linetensionforthe ULS........cccvveeinennne
B 500 Characteristiclinetension for the ALS.... Fo TRIUSIEIS oo e 44
B 600 Refined response analySiS......coccoeereereenerenerereeneneseenes F' 100  GENEIAl....ciiiiieceee et 44

DET NORSKE VERITAS



Offshore Standard DNV-OS-E301, October 2004

Amended April 2007

Page 6 — Contents see note on front cover
Sec.4  Mooring EQUipment ... 45 M 300 FaliQUE.....cocmmmrmiriniirisissisississis s 58
AL GENEIAL.....oeeviieriree it 45  N. Structural Arrangement for
A 100  OBJECHVE. ..ottt 45 MOOF NG EQUIPMENT......cciiieeeeiseee e 58
A 200  ANCHOI tYPES ..ottt ees 45 N 100  GENEra ....cooiveririiirireeeree s 58
B. Structural Design and Materialsfor Anchors........c..ccceuee.... 45 O. Arrangement and Devices for TOWING .....cccceeeeevervrvreernnne 59
B 100 Structural strength........ccccooeoviervcienrneeene O 100  GENENA ....oovceeeerrereere e
B 200 Materialsfor flukeanchors..........cccc..... O 200 Material .....ccoorerevnreeriinenns
B 300 Designof anchor pad eye..........ccccoeueunee. O 300 Strength analysis
B 400 Anchor shackle........ccccoovvininiecinierenrennne ) ) )
B 500 Pile, gravity and suction anchors P. Tension Measuring EqQUIpMENt..........cccccevevineneenencneeene 60
P 100 GENEIA ..ottt 60
C. FIUKE ANCNOIS.....c.oiiiiiieeieeree e
C 100 GENEMA ..o et ee et et ensenen e SEC. 5 TESS.oiicee 61
C 200 Fluke anchor components ) ) )
C 300 Definition of fluke anchor resistance.....................cooo.... 46  A. Testing of Mooring Chain and
C 400 Verification of fluke anchor resistance...........ccccceeeeneee 46 ACCESSONMES......ocviriiriecsii s 61
A 100 GENErAl ...t s 61
D. Plate ANCNOIS......ccoiireeiiirieesre e A 200 Proof and break 10ad teStS........covverererrrirrrnrerecsenes 61
D 100 GENEra ....cooeieiieeeeeeie et A 300 Dimensionsand dimensiontolerance.........c.ccocoeervevnnne 61
D 200 Drag-in plate anchors A 400 MechaniCal tESS.......ccoiiueeirieire e 61
D 300 Other typesof plate anchors...........cccoeereneenieinenencnens 47
B. Test of Steel Wir€ ROPES......cccevviviieininiiiee e 61
E. ANChOr PIlES ..ot 47 B 100 Testsof finished Wir€ ropes.........cccceeueeeeeueeeieinieieieinnenns 61
E 100  GENEIa ....ccooimiviieiiieieieieieieieiereieie et 47
C. Test of Windlass and Winch and Chain Stoppers................ 62
F. SUCHiON ANChOTS ......oveiiiiiieeeeee e 47 C 100 Testsof windlassand Winch ........cccccceeennccneeennnnns 62
F 100  GENEIA ..ot 47 C 200 Testof chain StOPPEr......cccoevieiereeireieeie e 62
G. Gravity ANCNOIS ......ccoovieireererreeeree e 47 D. Test of Manual and Automatic Remote Thruster Systems...63
G 100  GENENA ....oeoeiiieiree ettt 47 D 100 GENEral ..ottt s 63
H. Mooring Chain and ACCESSONES. ........ceervrerrerererrerirenreierennens 48 E. Testing of Synthetic Fibre ROPeS.........cccveveverevieicrinieinns 63
H 100  GENEIa ....cciviuieeirieieieieieieieieieieie e 48  E 100  GENEral ...ccooieciiiiiieieieieie e 63
H 200  1dentifiCation ........c.coceoevreireiniiieireneeerneeeeese e 48 E 200 Specification of teSting.......ccccoereroereriereiene e 63
] E Creep PrOPEITIES ....cove et 63
I, Steel WIr€ ROPES......coevirieieere st
I 100  GENEra ....ceeeeevereeeiririeisirerese s CERTIFICATION AND CLASSIFICATION 65
I 200 Manufacture.........ccoeevenenenecneiencenes
| 300 Steel wire for ropes Certification and Classification ...........ccoveue.e. 67
I 400  1dentifiCation.........ccceeueuererererereieieeereee e
o AL GENENAL...ooee s 67
J. Synthetic Fibre ROPES........ccvvveieiiieie e 52 A 100 IAOQUCHION oo 67
J 100 Generd
J 200 Materia B. Main Class for Offshore Units (LAL)......cccceeeeveercverererennnns 67
J 300 Loadbearing yarn, material B 100  GENEIA ...coooririiriririsrrr et 67
J 400 Sheathing material..........counreneerrerrennnens. B 200 DOCUMENtation reqUIFEMENLS. ........c.cveeeeeeieseeseese e 67
J 500 RoOpeCconStructions.........ccvererereeeenns
J 600  Creep rUPLUre......cceveveeeeerrireresiseseseseserens C. Main Classfor Offshore Installations (Ol) .........cccceeeevereeneee. 67
J 700 Elongation and stiffness..........ccccccevvenneee C 100  GENEA ....ceceeeceteeces et 67
J 800 HyStereSiSheating .......ccccoeuveveririnererininininsrsesesseseseses
J 900 Tension—tension fatigue........ccoveeinreereiennneiecrinnenenes D. Class Notation POSMOOR........ccccoioiiniineneeresee e 67
J 1000 Axia compression fatigue D 100 GENErA ....cooiieeceececec et
J 1100 Ingressof particles D 200 Scope and application
J 1200 TErmMINAiON.......ccovreireireriererereresre e D 300 Useof dternative recognised standards..........c.ccceceeuenene 68
J 1300 Materialsfor spliced eyetermination............ccccecveveeeennee 54 D 400 BasiCassUmPLioNS........ccccorreeenenerirrenererenseesesessenesessesens 68
J 1400 Design verification of SpliCe.......cccvviiinivnicenirniniecnes 54 D 500 Documentation requiremMentS.......cccoeeereeiereresesieeseenenns 68
J 1500 Design verification of SOCKELS..........coeveererreereninerinieenes 54
J 1600 Manufacturing of fibre rope assembly ........ccccccevvicnenee. 54 Sec.2 Equipment Selection and Certification............ 69
J 1700 TESHNG..c.ciuiueueueeimemireieieieieieieieier e bbb ss et seees 55
A. Specification of EQUIPMENt .........ccoervriinirnieneneerese s 69
K. Windlasses, Winches and Chain Stoppers A 100 GENEMAl ..ot 69
K 100 A 200 EqQUipmMEeNnt NUMDES .......cccoerierreereeereeiencesiseeseesesneeees 69
K 200
K 300 B. Certification of EQUIPMENt .........cccovuiennieienreierserereseneene 70
K 400 B 100  GENEIA ..ot 70
K 500 Capacity and system reguirements applicable for B 200 Categorisation of equipment..........ccoeoveeriiercirencrinnnene 70
windlasses and winches used in position mooring.......... 56 B 300 Certification of material .........ccooeornerienncerinncinennes 71
K 600  SLOPPEIS......coiiiiiiiieecie e 57 L )
K 700 Strength and design 10ad...........c.coevveeereereesisireseeeneens 57 C. Classification Requirements for Anchors........ccoceeeveevveeenene 71
K 800 Other type of WINChES.........cceeuiirireeiniririeieieesiseieieieieas 57 C 100  GENErA .....cooveuerirerierciricee s 71
C 200 Additional requirementsfor HHP
L. FaIM@a0S.....ccceieicisiei sttt 57 (High Holding Power) anchors............cocvvevevvreresvsnenns 71
L 100 General deSign.....cccooemeirierieieneeisreieesaeesreessessesesseseenas 57 C 300 Requirementsfor anchorsused in mobile mooring........ 71
L 200 MEEaS. .ot 57 C 400 Fuke anchorsfor temporary moorings.........cccueeeeerenenns 71
L 300 Strength and designload..........cccoooireininnieicicnenneens 58 C 500 1dentifiCation ........cccooeierireeinieiereneeeseere e 72
M. Steel Wire Rope End Attachment..........cccccvvvvevnveneneccninnn 58 D. Classification Requirements for Mooring Chain.................. 72
M 100 Structural strength.........cccoeeeeiriicienennnn D 100  GENEEl ....cooveveeieieieeerineereeer e 72
M 200 Material and manufacture D 200 Temporary MOOMING .....cccccoeerereruereeerieerueseesesseessesaenens 72

DET NORSKE VERITAS



Amended April 2007

Offshore Standard DNV-OS-E301, October 2004

see note on front cover Contents — Page 7

D 300 POSItiON MOOKNG......ceiririrenierirensrerssesssesesessesssesssssnsnnns 72 1. Classification Requirements for Arrangement and

D 400 Testing of chain and aCCESSONES........cvvvirurueieirieieiririnnas 72 DevicesSfOr TOWING ......cocveirrieerenieirieieesesie e 73

I 100  GENEIAl....ci ettt 73

E. Classification Requirements for Steel Wire Ropes.............. 72 o ) ) )

E 100  GENErA ..ot J. Classflcatlon Requirements for Tension Measuring

E 200 Temporary mooring.... EQUIPMENE........ooiee s 73

E 300 Position mooring ............................................................. J 100 (€7 g1 = RO S 73

F. Classification Requirements for Synthetic Fibre Ropes....... 72 K %I/z;szﬂgation Requirements for Thrusters and Thruster 73

F 100 GONMA..covsorsososrsossos s L T ST = Y i

G. Classification Requirements for Windlass, Winches and L. Classification Requirements for anchors used in Long Term
Chain SIOPPEIS...cveeeerierieeeeeese e 73 IMLOOTING +vvevveeeeeveeseeeeeseeeseseseesseseeseseeeesseeesesseessseessseessseeees

G 100  GENENEl.....cceeereireec e 73 L 100 Genera

H. Classification Requirements for Fairleads...........c.cocvevnne. 73 M. Survey during INStallation...........coeeeeereeeenceneeneeneeneeneeneens. 73

H 100  GENEIAl ...ttt 73 M 100  GENEME.....cceeeerirrerere s 73

DET NORSKE VERITAS



Offshore Standard DNV-OS-E301, October 2004 Amended April 2007
Page 8 — Contents see note on front cover

DET NORSKE VERITAS



CHAPTER 1

INTRODUCTION

CONTENTS

Sec. 1 Generd

DET NORSKE VERITAS

OFFSHORE STANDARD
DNV-0OS-E301

POSITION MOORING

Veritasveien 1, NO-1322 Hovik, Norway Tel.: +47 67579900 Fax: +4767579911






Amended April 2007
see note on front cover

Offshore Standard DNV-OS-E301, October 2004
Ch.1 Sec.1 — Page 11

SECTION 1
GENERAL
A. General DNV-OS-D201 | Electrical Ingtallations
DNV-0S-D202 Instrumentation and Telecommunication Sys-

A 100

101 This offshore standard contains criteria, technical
requirements and guidelines on design and construction of
position mooring systems.

102 The standard is applicable for column-stabilised units,
ship-shaped units, loading buoys and deep draught floaters
(DDF) or other floating bodies relying on catenery mooring,
semi-taut and taut leg mooring system.

Introduction

A 200 Objectives

201 The objective of this standard shall give auniform level
of safety for mooring systems, consisting of chain, steel wire
ropes and fibre ropes.

202 The standard has been written in order to:

— give auniform level of safety for mooring systems, con-
sisting of chain, steel wire ropes and fibre ropes

— serve as a reference document in contractual matters
between purchaser and contractor

— serveasaguideline for designers, purchasers and contrac-
tors

— gspecify procedures and reguirements for mooring systems
subject to DNV certification and classification services.

A 300 Scopeand application

301 The standard is applicable to al types of floating off-
shore units, including loading buoys, and coversthe following
mooring system components:

— stud chain
— studless chain

— Kenter shackles, D-shackles with dimension according to
SO 1704

— LTM shackles

— purpose built connection elements, such astriplates
— buoyancy and weight elements

— steel wireropes

— fibreropes

— windlass, winch and stopper

— fairleads

— anchors.

B. Normative References

B 100 General

101 The standards in Table B1 include provisions, which
through reference in this text constitute provisions of this
standard.

tems

Rulesfor Classification of Ships

Rules for Planning and Execution of Marine
Operations, Part 2: Operation Specific Require-

ments

C. Informative References

C100 Genera

101 The documents in Table C1 and Table C2 include
acceptable methodsfor fulfilling the requirementsin the stand-
ard. Other recognised codes and standards may be applied pro-
vided it is shown that they meet or exceed thelevel of safety of
the actual standard.

Table C1 DNV Recommended Practices, Classification Notes,
Guiddinesand Sandardsfor Certification

Reference Title

DNV-RP-C103 Column Stabilised Units

DNV-RP-C203 Fatigue Strength Analysis of Offshore Steel
Structures

DNV-RP-E301: Design and Installation of Fluke Anchorsin
Clay

DNV-RP-E302: Design and Installation of Drag-in Plate
Anchorsin Clay

Classification Environmental Conditions and Environmental

Note: 30.5 Loads

Certification Note

Certification of Offshore Mooring Steel Wire

No.: 2.5 Ropes

Certification Note | Certification of Offshore Mooring Chain

No.: 2.6

Standard for Certi- | Standard for Certification of Offshore Mooring

fication No.: 2.13 | Fibre Ropes

GuidelineNo. 17 | Plan Approval Documentation Types —

Table B1 DNV offshore service specifications, offshore

standardsand rules

Reference Title

DNV-0S-B101 | Metdlic Materials

DNV-OS-C101 | Design of Offshore Steel Structures, General
(LRFD method)

DNV-0OS-D101 | Marine and Machinery Systems and Equipment

DNV-OS-C401 | Fabrication and Testing of Offshore Structures

Definitions

Table C2 Other References

Reference

Title

API RP 2A

Recommended Practice for Planning, Design-
ing and Construction of Fixed Offshore Plat-
forms

API RP 28K

Recommended Practice for Design and Anal-
ysis of Station-keeping Systems for Floating
Structures,

API RP 28M:

Recommended Practice for Design, Analysis,
and Testing of Synthetic Fibre Ropesin Off-
shore Applications

BS 3226

Specification for thimbles for natural fibre
ropes, 1960

Cl 1505-98

Test Method for Yarn-on-Yarn Abrasion
(draft)

1SO 1704:

Shipbuilding — Stud link anchor chains

1SO 2232

Round drawn wire for genera purpose non-
aloy steel wire ropes and for large diameter
steel wire ropes - Specifications

SO 3178

Steel wire ropes for general purposes—Term
of acceptance

ISO/TR 13637

Petroleum and natural gas industries— Moaoor-
ing of mobile offshore drilling units
(MODUS) — Design and analysis
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SO 13819-1: Offshore structures Part 1: General require-
ments

NORSOK M-001 Material selection

NORSOK N-003: Actions and Action Effects

OCIMF: Guidelines for the purchasing and testing of
SPM hawsers, First Edition - 2000

OCIMF: Prediction of Wind and Current Loads on
VLCCs. 2n Edition 1994

D. Definitions

D 100 Verbal forms

101 Shall: Indicates amandatory requirement to be followed
for fulfilment or compliance with the present standard. Devia-
tionsare not permitted unlessformally and rigorously justified,
and accepted by all relevant contracting parties.

102 Should: Indicates a recommendation that a certain
course of action is preferred or particularly suitable. Alterna
tive courses of action are allowable under the standard where
agreed between contracting parties, but shall be justified and
documented.

103 May: Indicatesapermission, or an opinion, whichis per-
mitted as a part of conformance with the standard.

104 Can: Requirements with can are conditional and indi-
cate a possibility to the user of the standard.

D200 Terms

201 ALS Anaccidenta limit state to ensure that the mooring
system has adequate capacity to withstand the failure of one
mooring line or one thruster or thruster system failure for
unknown reasons.

202 CALM Buoy: Catenary anchor leg mooring. The CALM
system consists of a buoy that supports a number of catenary
chain legs.

203 Classification note (CN): The classification notes cover
proven technology and solutions which are found to represent
good practice by DNV, and which represent one alternative for
satisfying the requirements stipulated in DNV rules or other
codes and standards cited by DNV. The classification notes
will in the same manner be applicable for fulfilling the require-
ments in the DNV offshore standards.

204 Collinear environment: Wind, waves and current are
acting from the same direction.

205 Creep: Continuing elongation with time under tension.
May be recoverable (primary creep) or non-recoverable (sec-

ondary creep).
206 Creep rupture: Breakage after atime under tension.

207 Design brief: An agreed document where owners
requirements in excess of this standard should be given.

208 Drift stiffness (intermediate stiffness): Range of stiffness
between minimum (post installation) and maximum (storm)
stiffness. Depends on prior history and applied cyclic loading.

209 Emergency mooring: Anchoring in bad weather condi-
tion during transit movements of the unit, and whichis capable
of keeping the unit from uncontrolled drift.

210 FLS A fatigue limit state to ensure that the individual
mooring lines have adequate capacity to withstand cyclic |oad-
ing.

211 Horizontal low frequency motion: Horizontal resonant
oscillatory motion of a moored unit induced by oscillatory
wind and second order wave loads.

212 Long term mooring: Mooring of aunit at the same loca-
tion for more than 5 years.

213 Marine growth: Caused by soft (bacteria, agae,
sponges, sea quirts and hydroids) and hard fouling (goose, bar-
nacles, mussels and tubeworms).

214 Mobile mooring: Anchoring at a specific location for a
period less than 5 years.

215 Net thrust capacity: Thrust capacity after all types of
loss in thrust capacity are considered.

216 Offshore standard: The DNV offshore standards are
documents which present the principles and technical require-
ments for design of offshore structures. The standards are
offered as DNV's interpretation of engineering practice for
general use by the offshore industry for achieving safe struc-
tures.

217 Plateanchor: Anchorsthat areintended to resist applied
loads by orientating the plate approximately normal to theload
after having been embedded.

218 Position mooring: Mooring of aunit at an offshoreloca-
tion.

219 Post ingtallation stiffness: Stiffness immediately after
installation.

220 Recommended practice (RP): The recommended prac-
tice publications cover proven technology and solutions which
have been found by DNV to represent good practice, and
which represent one aternative to satisfy the requirements
stipulated in the DNV offshore standards or other codes and
standards cited by DNV.

221 Redundancy: The ability of a component or system to
maintain or restore its function when afailure of a member or
connection has occurred. Redundancy can be achieved for
instance by strengthening or introducing alternative load paths.

222 Splash zone: The extension of the splash zoneisfrom 4
m below still water level to 5 m above still water level.

223 Sorm stiffness: |s defined as the maximum stiffness of
the mooring lines, which is predicted when the mooring sys-
tem is subject to a maximum design storm.

224 Temporary mooring: Anchoring in sheltered waters or
harbours exposed to moderate environmental loads.

225 ULS Anultimatelimit state to ensure that theindividual
mooring lines have adequate strength to withstand the load
effects imposed by extreme environmental actions.

226 Unit: isagenera term for an offshore installation such
as ship-shaped, column-stabilised, self-elevating, tension leg
or deep draught floater.

227 Wavefrequency motion: Thismotionisinduced by first
order wave loads in the frequency range of the incoming
waves.

E. Abbreviations and Symbols

E 100 Abbreviations

101 Abbreviations as shown in Table E1 are used in this
standard.

Table E1 Abbreviations

Abbreviations | In full

API American Petroleum Institute
ALS accidental limit state

BS British Standards

Cl The Cordage I nstitute

DIA vertical designinlet angle
DNV Det Norske Veritas

DWR design working rank

FLS fatigue limit state
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IACS :nternati onal Association of Classification Socie-
ies

IMO International Maritime Organization

ISO International Organisation for Standardisation

NMD Norwegian Maritime Directorate

NPD Norwegian Petroleum Directorate

OCIMF Oil Companies International Marine Forum

ULS ultimate limit state

E 200 Symbols
201 Latin characters

ap
Cp

Intercept parameter of the S-N curve

Drag coefficient.

Stud chain: 2.6 with respect to diameter
Studless chain: 2.4 with respect to diameter
Six strand wire rope: 1.8

Spiral stand wire rope without sheathing: 1.6

Theinitial hull drag coefficient, including
strakes, but without VIV

Cylinder diameter

Spiral strand wire rope with sheathing: 1.2
Characteristic accumulated fatigue damage dur-
ing the design life

The fatigue damage in one environmental state
calculated by the combined spectrum method
Winch drum diameter

The fatigue damage in one environmental state
calculated by the dual narrow-banded approach

Accumulated fatigue damage ratio between the
:_esser and more heavily loaded of two adjacent
ines

Fatigue damage in one environmental state
Designinlet angle

Fatigue damage in one environmental state,

based on a narrow banded assumption

Nominal chain or wire diameter

Diameter of the anchor shackle pin

The diameter of the anchor shackle

Nominal wire diameter

Design working range

Expected value of the nominal stress range
raised to the power of min environmental statei
Fibre core

Average breaking load of onewirein kN
Material factor

Towing design load

Method factor

Natural frequency of the transverse rigid body
mode

Vortex shedding frequency

The probability density of nominal stressranges
of magnitude sin environmenta statei

Towing force

Towing design load factor
Mean environmental surge load
Mean environmental sway load
Independent wire rope core
Water depth

Depth of fairlead groove

R3

R3S

R4

Significant wave height

Restoring force coefficient (N/m)
Amplification factor for transverse VIV
Lay factor of steel wireropes

Correction factor evaluated for fatigue test set
with | test specimens

Stud links chain cable for bow anchors accord-
ing to IACS, see DNV Rulesfor Classification
of Ships Pt.3 Ch.3 Sec.5 E. Anchor chain cables

Stud links chain cable for bow anchors accord-
ingto IACS, see DNV Rulesfor Classification
of Ships Pt.3 Ch.3 Sec.5 E. Anchor chain cables

Stud links chain cable for bow anchors accord-
ing to IACS, see DNV Rulesfor Classification
of Ships Pt.3 Ch.3 Sec.5 E. Anchor chain cables

Number of fatigue test results
Free length of anchor shackle pin
The length overall of a ship shaped unit

D-shackles where the locking device normally
consists of anut and alocking pin through the
bolt

The unit’s mass included added mass

Slope parameter of the S-N curve

Maximum yaw motion between the target and
the equilibrium heading

Y aw moment that can be generated by the
thrusters

Mean environmental yaw moment

The number of tests, not lessthan 5

Number of stress cyclesin one environmental
State

Number of stress ranges of magnitude s that
would lead to failure of the component

Number of low frequency oscillationsduring the
duration of a sea state

Number of wave frequency oscillations during
the duration of a sea state

Pitch diameter

Probability of occurrenceof environmental state
i

Radius of fairlead groove

Theratio of tension range to characteristic
strength

Chain quality according to IACS, see Standard
for Certification 2.6

Chain quality according to IACS, see DNV Cer-
tification Note 2.6

Chain quality according to IACS, see DNV Cer-
tification Note 2.6

Stress range (double amplitude)

Characteristic strength of the mooring line seg-
ment

Reduced characteristic strength

Minimum breaking strength of a new compo-
nent

Strouhal number
Total number of wires

Characteristic mean line tension, due to preten-
sion and mean environmental actionsin the
environmental state
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Tc.dyn Characteristic dynamic line tension induced by
low-frequency and wave-frequency loadsin the
environmental state

Tp Designlifetimeof the mooring linecomponent
in seconds

TpesgnL T0tal design tension calculated in the operar

tional limiting environment

Tpesign-100 T0tal design tension in an environmental condi-
tion with areturn period of 100 year

T; Duration of the environmental state

Tx Thrust component in surge

Ty Thrust component in sway

Tp Peak wave period

T, Zero up-crossing wave period

Twemax Maximum wave frequency tension

Tos() Quasi-static line tension function

Uihour,  Meanwind speed over a1 hour period 10 m

10m above sea level

Y Current speed

Ve Surface current speed
Wind generated current speed

Cwind 'nag urrent sp

V, Reduced velocity

XL Frsg  Horizontal significant low frequency motion

XLEmax  Maximum horizontal low frequency motion

X mean Horizontal excursion caused by the mean envi-
ronmental |oads relative to the still water loca-
tion of the unit

Xy The horizontal distance between the unit and an
installation

Xwr.sg Horizontal significant wave frequency motion

XwEmax Maximum horizontal wave frequency motion

202 Greek characters

Os The coefficient of variation of the breaking
strength of the component

S Bandwidth parameter

ATgromth  Marine growth surface thickness

% Arc of support of a steel wireropein afairlead

e Fatigue safety factor

n Additional safety factor for operational states

Ymean Partial safety factor on mean tension

Ydyn Partial safety factor on dynamic tension

AL Aw Normalised variances of the low and wave fre-
guency stress process

K Correction for 3-D effects

7 2.0for chain, 1.0 for wire rope

Hs The mean value of breaking strength of the com-
ponent

v The mean up-crossing rate (hertz) of the stress
processin environmental statei

Wi The mean-up-crossing rate (hertz) for the com-
bined stress process in environmental state i

oS Specified minimum tensile strength of the mate-
rial

Ce Nominal equivalent stress

of Specified minimum upper yield strength of the
material

Pgrowth  Density of marine growth

P Correction factor based on the two frequency
bands that are present in the tension process

Pscawater  DeENSity of seawater

O Standard deviation of low frequency stressrange
in one environmental state

og Standard deviation of the stress process

OX-LF The standard deviation of horizontal, low fre-
quency motion of the upper terminal point inthe
mean mooring line direction

ox.wrg  Thestandard deviation of horizontal, wave fre-
guency motion of the upper terminal point inthe
mean mooring line direction

or.wr  Thestandard deviation of the wave-frequency

component of line tension

Oy Standard deviation of the stress process includ-
ing both wave and low frequency components

owi Standard deviation of wave frequency stress
range in one environmental state

F. Documentation
F100 General

101 When preparing documentation in accordance with this
standard a design brief document shall be prepared and used as
basis for the design documentation, stating all project specifi-
cation, standards and functional requirements.

102 The design documentation shall include drawings and
calculationsfor the limit states. The type and extent of the doc-
umentation shall be evaluated on an individual basis.

F 200 Design documentation

201 The following general design documentation of the
mooring system isrequired:

— number of lines

— type of line segments

— dimensions

— material specifications

— weight in air and seawater

— linelength from fairlead to anchor point of individual seg-
ments

— additiona line length kept onboard

— characteristic strength

— anchor pattern

— anchor type

— horizontal distance between fairleads and anchor point
and/or initial pretensions

— position of buoyancy elements, and net buoyancy

— position of weight elements, and weight in air and seawa-
ter

— position and type of connection elements, such as Kenter
shackles, D-shackles, and triplates

— windlass, winch and stopper design

— anchor design including anchor size, weight and material
specifications.

202 The following documentation of environmental data
used as basis for the design is required:

a) Combinations of significant wave heights and peak peri-
ods along the 100-year contour line for a specified loca-
tion. Directionality may be considered if sufficient data
exist to develop contour lines for from 0° to 360° with a
maximum spacing of 45°.

b) 1 hour mean wind speed with a return period of 100 year,
and wind gust spectrum Directionality may be considered
if sufficient data exist to develop wind speeds with 100
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year return periods for directions from 0° to 360° with a
maximum spacing of 45°.

¢) Surface and subsurface current speed with a return period
of 10 years. Directionality may be considered if sufficient
data exist to develop current speeds with 10 year return
periods for directions from 0° to 360°, with a maximum
spacing of 45°,

d) Current profile.

€) Water depths.

f) Soil conditions.

g) Marine growth, thickness and specific weight.

h) Wave spectrum.

i) Wave energy distribution: Long crested sea. Wind gener-
ated waves may be considered short crested described by
acosine to the power 4 wave directionality function.

203 Thefollowing drawings and documentation of mooring
design and mooring design capacities are required:

a) Theaccuracy of computer program applied for calculation
of the unit’s response shall be quantified by comparison
with relevant model test results.

b) Theaccuracy of the model test results applied inthe design
shall be quantified.

¢) Wind and current loads based on coefficients from wind
tunnel tests, model basin tests or theoretical calculations
according to recognised theories, see Ch.2 Sec.1 C101 and
C201.

d) Transfer functions (RAOs) of motionin six degree of free-
dom.

€) Wave drift force coefficients, see Ch.2 Sec.1 C400. Vis-
cous effect shall be considered together with the current
effect on the wave drift forces.

f) Wave frequency motions for selected sea states, see Ch.2
Sec.1 B201.

0g) Wind and wave induced low frequency motions, see Ch.2
Sec.2 B104 and B200.

h) Mean offset caused by wind, current and waves.

i) Mooring line tensions in ULS and ALS limit states, see
Ch.2 Sec.2 B400 and B500.

j) Fatigue calculations of mooring line segments and acces-
sories, see Ch.2 Sec.2 G.

k) Windlass and winch lifting capacity, static and dynamic
braking capacity, see Ch.2 Sec.4 K.

[) Structural strength calculation of main components of

windlass or winch such as cable lifter or drum, couplings,
shafts, brakes, gears and frame bases.

m) Strength calculation of anchors except for type approved
drag anchors.

n) Holding capacity of the anchors.

0) Necessary installation tension for drag embedment
anchors.

p) Structural strength calculations of fairlead, see Ch.2
Sec4 L.

204 Additional documentation required for fibre ropes used
as mooring systems:

a) Basicropeinformation:

— fibreropetype

— materid

— reel/rope diameter ratio
— sheathing type

— end termination.

b) Rope properties:

— characterigtic strength

— fatigue strength

— residual breaking strength

— creep properties

— axia stiffness under static and dynamic load

— heat build up under dynamic loading

— torque and twist behaviour

— resistance to chemical attack in the offshore environ-
ment.

More information is found in Ch.2 Sec.5 F for synthetic fibre
ropes.

205 Additional documentation required for thruster assisted
mooring systems:

a) System schematics for remote thrust control system.

b) System schematics for automatic thrust control system.

¢) Power distribution schematics for thrust system.

d) Test program for seatrials regarding thruster assistance.

e) Net available thrust output showing which effects have
been considered to derive the net thrust relative to nominal
thrust output.

206 If the thruster assistance is subject to redundancy
requirements, the redundancy is to be documented by one of
the following methods:

a) Faluremodeand effect analysis(FMEA), covering all rel-
evant sub-systems. Special attention should be taken in
case emergency shut down systems are installed.

b) A test program covering failure situations and thereby
demonstrating redundancy. The test program has to be
carried out during thruster assistance seatrials.

207 Additional documentation required for long term moor-

ing:

a) Fatigue calculation of mooring lines and connecting ele-
ments using site specific data.

b) Line tensions with and without marine growth shall be
considered.

¢) Corrosion alowance shall be included in design.

d) When fluke anchors or plate anchors are used calculations
of anchor resistance for ULS and ALS, see guidance in
DNV-RP-E301 and DNV-RP-E302.
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SECTION 1
ENVIRONMENTAL CONDITIONS AND LOADS

A. General

A 100 Objective

101 Thissection describes the environmental datato be used
in the mooring system analyses.

A 200 Application

201 The environmental loads to be applied in mooring line
response cal culations should be based on wind and wave con-
ditions with a 100-year return period, applied together with
current with a 10-year return period.

202 An dternative for regions with multiple design events
(i.e. hurricanesand loop currentsfor Gulf of Mexico, and swell
and local squallsfor West Africa) is:

— Theenvironmental condition represented by wind and cur-
rent with areturn period of 100-year in combination with
aseastate with a 10-year return period should al so be con-
sidered. See B403.

203 The specified combinations of environmental loads and
headings should cover conditions at a wide variety of loca
tions, because they have been calibrated for both the Norwe-
gian Sea and the Gulf of Mexico. However, some locations
may experience environmental processes of a different nature,
which are not fully covered by the present specification; e.g.
angles between wind, wave or current effects that are due to
local geography, or extreme wind waves together with signifi-
cant swell in adifferent direction. In such cases, aconservative
choice of characteristic environment should be made for the
ULSand ALS, aiming for a return period of no less than 100
years for the combined environmental event. The combination
of environmental loads that leads to the largest line tensions
should be selected, at this environmental return period.

204 Reliability analysis can be applied as a more precise
aternative, if sufficient environmental data is available to
develop joint probability distributions for the environmental
loads.

B. Environmental Conditions

B 100 General

101 The load effects are based on the predicted tensions in
the mooring lines, normally obtained by calculations. The
analysis of the line tensions shall take into account the motion
of the floating unit induced by environmental loads, and the
response of the mooring lines to these motions. The character-
istic load effects are obtained for stationary, environmental
states. Each stationary environmental state may be specifiedin
terms of:

— significant wave height (Hy)

— peak wave period (T)

— wave spectrum (Jonswap or double-peaked)

— wave energy spreading function (long crested waves or a
cosine to the power of 4)

— main wave direction

— mean wind speed, over a 1 hour averaging period 10 m

above sealevel (Uy poyr, 10m)
— wind spectrum function
— wind direction
— surface current speed (V)
— current profile over depth
— current direction.

The same environmental conditions should be considered for
the ULS and ALS, while awider range of environmental con-
ditions must be considered for the FLS.

B 200 Waves

201 Seastateswith return periodsof 100 years shall be used.
Thewave conditions shall include a set of combinations of sig-
nificant wave height and peak period along the 100-year con-
tour, as defined by inverse FORM technique, /1/. The joint
probability distribution of significant wave height and peak
wave periods at the mooring system site is necessary to estab-
lish the contour line.

202 If thisjoint distribution is not available, then the range
of combinations may be based on a contour line for the North
Atlantic, see 204.

203 It is important to perform calculations for several sea
states along the 100-year contour line to make sure that the
mooring system is properly designed. Ship-shaped units are
sensitive to low frequency motion, and consequently a sea
state with a short peak period can be critical. How to choose
sea states along the contour lineisindicated in Fig.1. The same
values for wind and current shall be applied together with all
the sea states chosen along the 100-year contour.

Example of characteristic environmental conditions for
rule check

— Contour =N

o Apply in rule check

Significant wave height (m)
B

Peak wave pericd (s)

Figurel
Selections of sea states along a 100-year contour line

204 For unitsintended for world wide operations a 100-year
contour line for the North Atlantic may be applied, the contour
lineis given in the Guidance Note below. The contour lineis
based on the scatter diagram for the North Atlantic given in
Classification Note 30.5. Typical sea states with a 100-year
return period for different locations around the word is aso
given in the Guidance Note applicable for preliminary designs
when detailed metocean datais not available.
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Guidance note:
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Environmental Contour: 100-year

Typical sea states at different locations with a return period of
100 years are given below. Each sea state (3-hour duration) is
characterised by maximum significant wave height and wave
period (T, or T):

Norwegian Sea (Haltenbanken) |Hg |= 16.5m
T, |= 17.0-19.0s

Northern North Sea (Trall field) |Hg | = 15.0m
T, |= 155-175s

North Sea (Greater EKofisk area) |Hg | = 140m
T, |= 15.0-17.0s

Mediterranean

- Libya (shallow water) Hs |= 85m
T, |= 140s

- Egypt Hs |= 12.1m
T, |= 14.4s

Gulf of Mexico (Hurricane) Hy |= 119m
T, |= 14.2s

West Africa

- Nigeria (swell) Hy |= 3.6m
T, |= 159s

- Nigeria (squalls) Hs |= 27m
T, |= |76s

- Gabon (wind generated) Hy |= 20m
T, |= |[70s

- Gabon (swell) Hy |= 3.7m
T, |= 155s

- lvory Coast (swell): Hs |= 6.0m
T, |= 13.0s

- Angola (swell, shallow water) |Hg |= 41m
Tp |= 16.0s

South America

- Brazil (Campos Basin) Hs |= 8.0m
T, |= 13.0s

Timor Sea

- Non typhoon Hs |= 48m
T, |= 115s
T, |= 83s

- Typhoon Hy |= 55m

T, |= 10.1s
T, |= 74s
South China Sea
- Non typhoon Hy |= 7.3m
T, |= 111s
- Typhoon Hs |= 13.6m
T, |= 151s

Thefollowing relation between the T and the T, can be applied:

5+ 1/2
T,=T (_P_yp)
P\11 + y

If no particular peakedness parameter y,, the following value
may be applied:

T
%, = 5for —£ <36
HS
T
5.75-1.15 —=
Hs T
o= e for 3.6 < <5

S

T
% = 10for5 <—£

JHs
Further information is found in Classification Note 30.5.

If the peakedness parameter is not defined the following can be
applied:

— North Seaor North Atlantic: », = 3.3

— West Africa: % = 15105

— Gulf of Mexico: % = lforHg<6.5m
% = 2forHg>6.5m.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

205 Examples of contour lines for different areas are given
in the guidance note below.

Guidance note:

100-year contour line—Angola (swell)
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100-year contour — Ekofisk (North Sea)

100-year contour —Haltenbanken (North Atlantic)

100-year contour —Vering (North Atlantic)

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

B300 Wind

301 A mean wind speed 10 m above the water surface with
a100-year return period should be used, based on the marginal
distribution of wind speeds at the specific locations.

302 Wind load shall be treated as a steady component in
combination with a time varying component known as the
gust, which generateslow frequency motion. Thetime varying
wind is described by awind gust spectrum.

303 Thefollowing wind spectrum shall be applied dependent
on |ocation:

a) The NPD wind spectrum shall be applied for locationsin
the North Seaand North Atlantic. Theformulationisgiven
in NORSOK N-003.

The API wind spectrum may be used for locations outside
the North Seaand North Atlantic. Theformulationisgiven
in APl RP 2A.

b)

304 The steady component of the wind speed is represented
by a 1-hour average mean wind 10 m above sealevel.
Guidance note:

Some typical 1 hour mean wind speeds with a return period of
100 years at different locations:

Norwegian Sea (Haltenbanken) 37.0m/s
North Sea (Troll field) 40.5 m/s
North Sea (Greater Ekofisk area) 34.0m/s
Mediterranean

- Libya 25.3m/s
- Egypt 25.1m/s
Gulf of Mexico (Hurricane) 44.1 m/s
West Africa

- Nigeria (combined with swell) 16.0 m/s
- Gabon (combined with swell) 16.6 m/s
- Gabon (squall) 24.1 m/s
- lvory Coast (combined with swell) 16.0 m/s
- lvory Coast (squall) 29.5m/s
- Angola (squall) 21.8 m/s
South America

- Brazil (Campos Basin) 35.0 m/s
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Timor Sea

- Non typhoon 16.6 m/s
- Typhoon 23.2m/s
South China Sea

- Non typhoon 28.6 m/s
- Typhoon 56.3 m/s

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

305 The definition of wind speed as a function of time and
height above sealevel is given in Classification Note 30.5.

306 The Squall events should normally be analysed in the
time domain using the time histories of squalls. The duration
of squalls is approximately one hour. An example of a squall
time series with respect to wind speed and direction isgivenin
the guidance Note. The sgqualls directions may vary more than
the Fig.3 in the guidance note indicate. Site specific data shall
always be applied.

Guidance note:
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Squall time series with respect to wind speed
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Squall time series with respect to direction

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

B 400 Current

401 A surface current speed with a 10-year return period
should be used, based on the marginal distribution of current

speeds at the location.
402 The most common categories are:

— tidal currents (associated with astronomical tides)

— circulational currents (associated with oceanic circulation
patterns)

— wind generated currents

— loop and eddy currents

— soliton currents

The vector sum of these currents is the total current, and the
speed and direction of the current at specified depths are rep-
resented by a current profile. In certain geographical areas,
current loads can be the governing design loads.

403 In areas where the current speed is high, and the sea
states are represented with small wave heights eg. West
Africa, an environmental condition represented by 100 year
wind and current speeds combined with a sea state with a
return period of 10 year should be considered.

404 In open areas wind generated current velocities at the
still water level may be taken as follows, if statistical data is
not available:

VCWind = 0.015- Ulhour, 10m
Guidance note:

Some typical surface current speeds with a return period of 10
years at different location:

Norwegian Sea (Haltenbanken) 0.90 m/s
North Sea (Troll) 1.50 m/s
North Sea (Greater Ekofisk area) 0.55m/s
Mediterranean

- Libya 1.00 m/s

- Egypt 0.78 m/s
Gulf of Mexico (Hurricane) 1.98 m/s
West Africa

- Nigeria 11m/s

- Gabon 0.91 m/s

- lvory Coast 0.90 m/s D
- Angola 1.85 m/s2
South America

- Brazil (Campos Basin) 1.60 m/s
Timor Sea

- Non typhoon 1.10 m/s

- Typhoon 1.90 m/s
South China Sea

- Non typhoon 0.85m/s

- Typhoon 2.05m/s
1)  Ocean current going to east

2)  Ocean current going to 347.5° approximately parallel to the coast

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

405 The current’s influence on the wave drift forces shall be
taken into account.

B 500 Direction of wind, waves and current relativeto
the unit

501 For column-stabilised units and ships, which are direc-
tionally fixed, the loads from wind, waves and current are
assumed acting in the same direction.

502 For unitswith symmetrical anchor pattern, at least head,
quartering and beam load directions should be analysed in
addition to the case where wind, current and waves are acting
in the direction of an anchoring line.
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503 A directiona distribution of wind, waves and current
may be applied if available.

504 For offset calculation use the direction that isintermedi-
ate to two neighbour lines in addition to the directions speci-
fied in 501.

505 For unitswith non-symmetrical anchor pattern all direc-
tions from 0° to 360° with a maximum spacing of 45° should
be investigated. At least one case where the wind, current and
waves are acting in the direction of an anchoring line shall be
included. A directional distribution of wind, waves and current
may be applied if available.

506 For weather vaneing units such as turret moored pro-
duction or storage vessels dependant on heading contral, site
specific dataregarding the direction spread of wind, wavesand
current shall be applied.

507 If site specific data is not available the following two
combinations of wind, wave and current shall be applied:

Collinear environment:

— wind, waves and current acting in the same direction. The
direction shall be 15° relative to the unit’s bow.

Non-Collinear environment:

— wavetowards the unit’s bow ( 0°)
— wind 30° relative to the waves
— current 45° relative to the waves.

Wind and current shall approach the unit from the same side,
see Fig4.

Waves

Wind

Current

Figure4
Non-collinear — Directions of wind, waves and current

508 The environmental directionsin 507 are also applicable
for freely weather vaneing units, which will rotate to an equi-
librium position where the environmental directions have
changed relative to the bow.

509 Directional distribution of wind wave and current may
be applied if available.

510 The directionality shal be considered for units in
regionswherethe directions of wind, wavesand current are not
correlated. Typical directionality for West Africa (offshore
Nigeria) is shown in Fig.5.

Figure5
Thedirectional sectors of swell, sea, current and squalls offshore
Nigeria

B 600 Soil condition

601 For long term mooring, sea bed soil conditions shall be
determined for the intended site to provide data for the anchor
design. Soil data should be based on soil borings at location to
a depth representative of anchor penetration.

B 700 Marinegrowth

701 Marine growth on the mooring lines shall beincluded in
the analysis of long term mooring systems for production and
storage vessels. The thickness of the marine growth shall bein
accordance with the specification for the actual location. The
marine growth is accounted for by increasing the weight of the
line segments, and increasing the drag coefficients.

Guidance note:

Marine growth is dependent on the location. If no datais availa
ble the following data from NORSOK N-003 shall be used:

56 -59°N 59 - 72°N
Water depth Thickness Thickness
(m) (mm) (mm)
+2to0 -40 100 60
below -40 50 30

The density of marine growth may be set to 1325 kg/m3
Mass of marine growth:

+2AT

_7Z 2 2
Mgrowth = Z[(Dnom growth) _Dnom} Pgrowth ™ # (Kg/m)

Submerged weight of marine growth:

(kN/m)

_Pseawater|9.81
1000

W =M
growth growth{ pgrowth

Pgrowth = density of marine growth
Pseawater = density of seawater

Dnom = nominal chain or wire diameter
AT growth = marine growth surface thickness
U = 2.0for chain, 1.0 for wire rope.
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Increasing the drag coefficient due to margine growth:

D +2-AT
_ nom growth
22CDgrowth - CD[ D }
nom
Co = stud chain: 2.6
studless chain: 2.4 with respect to chain diameter
Co = six strand steel wirerope: 1.8

spiral stand without sheathing: 1.6
spira strand with sheathing: 1.2.

Other methods for determing the increased drag coefficients due
to marine growth may be accepted.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

C. Environmental Loads

C 100 Wind loads

101 Thewind load may be determined by using wind tunnel
tests, model basin tests or calculations according to recognised
standards, such as:

— Classification Note 30.5 Section 5

— OCIMF Prediction of Wind and Current Loadson VL CCs,
2nd Edition 1994

— API RP25K.

102 Mean wind force may be calculated using a drag force
formulation, with drag coefficients from model tests, or
numerical flow analysis.

103 Mean wind forces described with a wind profile, and
oscillatory wind forces due to wind gusts shall both be
included. Wind profile according to Classification Note 30.5
Sec. 2 may be applied.

104 Model test data may be used to predict wind loads for
mooring system analyses provided that a representative model
of the unit is tested. The condition of the model in the tests,
such as draught and deck arrangement should closely match
the expected conditions that the unit will see in service. Care
should also be taken to ensure that the character of the flow in
the model tests is the same as the character of the flow for the
full scale unit.

105 Documentation of the load analysis method shall be
available. The accuracy of numerical models should be quan-
tified by comparison with full scale or model tests. The accu-
racy of model test results applied in the design shall also be
quantified.

C 200 Current loads

201 The current load may be determined from wind tunnel
tests, model basin tests or calculations according to recognised
theories, such as:

— Classification Note 30.5 Section 6
— OCIMF Prediction of Wind and Current Loadson VLCCs,
2nd Edition 1994.

202 Mean current force may be calculated using adrag force
formulation, with drag coefficients from model tests, or
numerical flow analysis.

203 If the water depth isless than three times the draught of
aship, the current drag coefficientswill increase. Current coef-
ficientsfor ships given in the OCIMF guideline referred above
include shallow water effects.

204 Current profiles shall be used. The current profile
described in Classification Note 30.5.

205 Site specific current profiles have to be developed for
regions where loop or solition current is dominant.

206 The current loads on multiple riser systems have to be
included. Current load is normally neglected for ariser system
consisting of asingle drilling riser.

207 Current loads on mooring lines are normally neglected.
However, in regions where current is dominating (see A202
and B403) current loads on the anchor lines have to be
included.

208 Model test data may be used to predict current loads for
mooring system analyses provided that a representative model
of the under water hull of the unit istested. The draughts of the
model in the tests have to match the expected conditions that
the unit will seein service.

209 Documentation of the load analysis method shall be
available. The accuracy of numerical models should be quan-
tified by comparison with full scale or model tests. The accu-
racy of model test results applied in the design shall also be
quantified.

C 300 Waveloads

301 Interaction between waves and a floating unit resultsin
loads of three categories:

a) Steady component of the second order loads known as
mean wave drift loads.

b) First order wave loads oscillate the wave frequencies
inducing first order motions known as wave frequency
motions.

¢) Second order wave loads that act together with oscillatory
wind loads to induce low frequency motions.

302 Documentation of the load analysis method shall be
available. The accuracy of numerical models should be quan-
tified by comparison with full scale or model tests. The accu-
racy of model test results applied in the design shall also be
quantified.

C 400 Wavedrift forces

401 Themean wavedrift load isinduced by the steady com-
ponent of the second order wave loads. The determination of
mean drift load requires motion analysis e.g. radiation or dif-
fraction theory or model testing results.

402 Thewave drift force coefficients calculated by potential
theory do not include viscous forces. Effects from wave/cur-
rent interaction have to be included together with viscous
effectsif relevant.

C500 Wavefrequency motions

501 Wave frequency motions shall be calculated according
to recognised theory or based on model testing. The following
calculation methods are recommended:

a) Wave frequency motions of large volume structures shall
be calculated by diffraction theory. For slender structures,
strip theory may be applied.

b) Wave diffraction solutions do not include viscous effects.
When body members are relatively slender or have sharp
edges, viscous effects may be important and viscous
effects should be added to the diffraction forces. For slen-
der bodies such as ships viscous damping in roll has to be
included.

c) Wave frequency motions of column-stabilised units,
which consist of large volume parts and slender members
should be calculated by using a combination of wave dif-
fraction theory and Morisons's equation.

502 The JONSWAP spectrum shall normally be used to
describe wind induced extreme sea states. The formulation of
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the JONSWAP spectrum is given in Classification Note 30.5.
If no particular peakedness parameter is given, the relation
between the significant wave height, peak period and the peak-
edness parameter given in Sec.2 B204 should be applied.

503 Extreme wind generated waves may be considered to be
long crested or the short crestedness may be described by
cosine to the power of 4.

504 Consideration of swell should be included if relevant.
Sea states comprising unidirectional wind generated waves
and swell should be represented by a recognised doubled-
peaked spectrum. The formulation of a doubled peak spectrum
/3l is given in Classification Note 30.5. Swell shall be consid-
ered long crested.

505 The most probable largest wave frequency motion
amplitude may be calculated assuming that the maxima of the
motion response fit a Rayleigh distribution according to Sec.2
B405.

506 When anchoring takes place in shallow water, the fol-
lowing shall be included in the calculation of wave frequency
motion:

a) The effect on wave frequency motion caused by restoring
forces due to the mooring system and risers shall beinves-
tigated when the water depth is below 70 m. The effect
shall be taken into account if the wave frequency motions
are significantly affected.

b) When the water depth is less than 100 m, the finite depth
effect shall be included in the horizontal wave frequency
motions. If cal culations of wave frequency motionsare not
available for the actual water depth, the amplification fac-
torsgiven in Fig.6, Fig.7 and Fig.8 can be multiplied with
the maximum wave frequency motion calculated for water
depths larger than 100 m according to Sec.2 B405.

Guidance note:

For column-stabilised units the amplification factors for the
wave frequency mation can be taken according to Fig.6

Amplification Factors for Surge
and Sway Wave Frequency

Motion
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Figure 6
Amplification factors for surge and sway (column-stabilised
units)

For ship-shaped units the amplification factors to be applied for
wave frequency motion may be taken according to Fig.7 and
Fig.8.

Amplification Factor for
Surge/Wave Frequency Motion
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Amplification factorsfor surge (ships)

Amplification Factors for

Sway/Wave Frequency motion
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Amplification factorsfor sway (ships)

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

507 For taut leg mooring systems the stiffness of the moor-
ing system and risers shall be included in the calculation of
wave frequency motions regardless of water depth if the wave
frequency motions are significantly affected.

C 600 Low freguency motions

601 Environmental actions due to wind, waves and current
shall be taken into account in the analysis of the mean and low
frequency motion response of the vessel. Only horizontal
modes of motion (surge, sway, yaw) are usually considered for
ships and semisubmersibles, while vertical modes need to be
included for deep draught floaters /4/.

602 Meanwind and current forces may be calculated using a
drag force formulation, with drag coefficients from model
tests, or numerical flow analysis. The drag coefficients are
dependent on the angular orientation of the vessel relative to
the incoming fluid flow direction.
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603 Mean wave forces may contain components due to both
potential and viscous effects. Potential effects may be based
on the results of a prior first-order analysis, which provides
mean drift force coefficients for each mode of motion, as a
function of wave frequency, current speed, and angular orien-
tation of the vessal. Linear superposition may be applied to
obtain the mean forces in irregular, long-crested waves, by
combination of the mean drift force coefficients with a wave
spectrum. Viscous effects on the mean force due to waves are
usually omitted in practice.

604 The mean position of the vessel in an environmental
state is computed by finding the position where equilibrium is
established between the mean environmenta loads and the
restoring forces from the positioning system. The nonlinear
characteristic of acatenary mooring should be taken accurately
into account in establishing the mean offset. If the vessel is
free to rotate, then the effect of any rotation should be taken
into account in computing the magnitude of the mean environ-
mental forces. A stable equilibrium position should be sought.

605 Low-frequency wind forces may be based on a drag
force formulation, with wind speed as the sum of the mean
wind speed and an unsteady wind speed, from a wind spec-
trum. Expansion of the quadratic term in wind speed yields:

— the mean force, already considered above

— aforce proportional to the unsteady wind spectrum, scaled
by the mean speed

— aquadratic term in the unsteady speed, which is neglected.

606 The low-frequency wave forces may contain compo-
nents due to both potential and viscous effects. In this case, it
may be necessary to take the viscous effects into account for
column-stabilised units, but they may be neglected for ships.
Potential effects may still be based on first-order analysis,
using the mean drift force coefficients, mentioned above. The
spectral density of exciting forcesin irregular waves may then
be obtained as described in /5/.

607 It is more difficult to incorporate viscous contributions
to the low-frequency excitation in a frequency domain analy-
sis. Hence atime domain analysis may be needed for semis-
ubmersibles.

608 Low-frequency motion response to the exciting forces
may be cal culated in the frequency domain or the time domain.
Linearisation of the restoring forces from the mooring system
is necessary in frequency domain analysis. The linearisation
should be applied around the mean vessel offset for the envi-
ronmental state being considered, using stochastic linearisa-
tion, or assuming arealistic response amplitude.

609 Low frequency wave induced motion may be based on
model testing in stead of, or in addition to numerical calcula-
tions.

610 Thetest or smulation duration time shall be sufficient to
provide adequate statistics, and shall not be taken less than
three hours.

611 Themost probable largest low frequency motion ampli-
tude may be calculated assuming that the maxima of the
motion response fit a Rayleigh distribution. See Sec.2 B405.

612 The effect of the current velocity on the low frequency
damping shall be considered. Comparison with relevant model
test data is recommended.

Guidance note:

Low frequency motion of amoored unit is dominated by the res-
onance at the natura frequency of the moored unit. The motion
amplitude is highly dependent on the stiffness of the mooring
system, and on the system damping. A good estimate of damping
is critical in computing low frequency motions. There are four
main sources of damping:

- viscous damping of the unit
- wave drift damping
- mooring and riser system damping

- thruster damping (only applicable for thruster assisted moor-
ing)

Thewavedrift damping and the mooring or riser system damping

are often the most important contributors to the total damping.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

D. Vortex Induced Moation (VIM)

D 100 General

101 Moored platforms constructed from large circular cylin-
ders, such as Spars and some other deep draught floaters, may
experience vortex-induced vibrations (VIM) when exposed to
a steady current. VIM should be considered in the design of
mooring systemsfor such floaters, because it may induce addi-
tional loads on the mooring system.

102 Vortex-induced vibrations occur transversely to the cur-
rent direction, and in line with the current. These vibrations
contribute to the offset away from the still water position. The
occurrence of VIM also increases the mean drag force in the
current direction, making a further contribution to offset.
Increased offset implies increased mooring line tensions, to be
checked against the line strength in the ULS and ALS. VIM
also causes oscillations in the line tension, which may contrib-
ute to fatigue damage, to be checked in the FLS.

103 The present guidanceislargely based on general princi-
ples, and will need to be refined when more full scale experi-
ence with VIM of moored platforms has been accumul ated.

D 200 Conditionsfor VIM to occur

201 Significant VIM is only expected to occur if a natural
frequency of the moored system liesin the vicinity of the vor-
tex shedding frequency of a major cylindrical component of
the platform. Natural frequencies for rigid body modes trans-
verse to the current direction (e.g. sway and roll) should be
considered. They may be compared to the vortex shedding fre-
quency given by

\%
fSZStB

whereV isthe current speed, D isthe cylinder diameter, and St
isthe Strouhal number. The Strouhal number is dependent on
Reynolds number. The Reynolds number tendsto be > 107 for
the large cylinder diameters used in these platforms. Hence, it
should be appropriate to consider aStrouhal number § ~ 0.22
in such cases.

Only the maximum current speed needs to be considered when
checking for occurrence of VIM i.e. the current speed with
100-yearsreturn period. If the natural frequencies are appreci-
ably greater than the vortex shedding frequency for thiscurrent
speed, then VIM is not expected to occur. Otherwise, VIM
may occur at this speed or at lower speeds.

202 Itismost convenient if significant VIM can beruled out.
In some cases, it may be possible to increase the stiffness of the
mooring system, such that the natural frequencieslie abovethe
vortex shedding range. However, an increase in the stiffness
of the mooring system usually implies higher mooring lineten-
sions, increased wear in the lines and increased mooring loads
on the platform. A highly nonlinear restoring force from the
mooring system will also tend to suppress VIM.

D300 VIM analysis

301 VIM should be analysed when it cannot be ruled out.
This can require considerable effort, and islikely to depend on
careful model testing. DNV Classification note no.30.5 pro-
vides further guidance and some data that can be used in apre-
liminary, rough assessment of VIM response. The objective of
the VIM analysisis primarily to obtain:
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a) the amplitude of the transverse VIM, under varying cur-
rent speeds

b) the magnitude of the mean drag coefficient, dependent on
the amplitude of VIM

c) theamplitudeof thevariationinthedragforce, at twicethe
vortex shedding frequency.

302 It is usually convenient to present results in a non-
dimensional form, giving the ratio of transverse VIM ampli-
tude to cylinder diameter A/D as a function of the reduced
velocity
v -
Df,

where f,, is the natural frequency of the transverse rigid body
mode. Some random variation of the VIM amplitude will nor-
mally be found in test results for a given velocity. The mean
amplitude is appropriate for use in the FLS, while the USL
should take account of the random variation.

303 It should be acceptabl e to assume that the oscillation fre-
guency isequal to the natural frequency of the transverse oscil-
lation mode, for lightly damped systems, although there is
some tendency for the oscillation frequency to increase with
Ur. Thedrag coefficient isgiven asafunction of the amplitude
ratio A/D. The following functional form is sometimes used:

A
CD = KCDO(J.‘F kl Dj

where g is acorrection for 3-D effects, CD is the initial
hull drag coefficient, including strakes, but WItPIOUt VIM, and
k1 is an amplification factor for transverse VIM.

It should be noted that these results are dependent on:

— mass(orinertia) ratio of the cylinder to the displaced fluid

— any system damping in addition to direct fluid effects on
the cylinder

— Reynold’s number

— surface roughness of the cylinder

— turbulence or shear in the incoming velocity field

— any VIM suppression devices, such as strakes.

304 Hence, scale effects should be considered carefully
when utilising model test results. When Froude scaling is
applied and the viscosity is about the same at both scales, then
the Reynolds number falls by the scale factor raised to the
power 3/2inthe model tests. It isimportant to check the effect
of this change on VIM. A roughened model can be useful to
compensatefor alow Reynolds number; i.e. to provide the cor-
rect flow regimein the model tests.

Additional considerations for modéd tests include:

— accurate representation of the actual underwater hull with
cut-outs, terminations, etc.

— sufficient heading angles are tested to cover all aspects of
asymmetry in the hull

— sufficient simulation/towing length in the basin such that
vortex shedding can be fully developed

— an adequate range of reduced velocity is covered.

305 Platform VIM response may include both trandlational
and rotational modes (e.g. sway and roll), especially when
these two modes have fairly similar natural frequencies. How-
ever, it is more convenient to only consider a single tranda-
tional mode of freedom in VIM model tests. Care should be
exercised when applying such model test resultsto evaluatethe
actual platform response. The frequency extent of lock-in, and
the magnitude of the forces are known to be dependent on the
motion amplitude; i.e. they may vary over the length of a cyl-
inder vibrating in a rotational mode. Hence, a strip method,

that takes account of amplitude variation over the cylinder
length, might possibly be useful in some cases.

306 VIM analysis concentrates on the effect of current. The
frequencies of incoming waves are unlikely to cause vortex
shedding loadsin the vicinity of thelow natural frequenciesfor
sway and roll. If wind and waves are present at the same time
ascurrentscausing VIM, then they will certainly affect the sys-
tem response. It seems plausible that the wave-induced fluid
velocitieswill tend to disorganise the combined velocity field,
as compared to a pure current field, and be more likely to
reduce the mean amplitude of the lift force due to vortex shed-
ding, than to increase it. Hence, it should be conservative to
superimpose the forces cal culated separately due to waves and
vortex shedding. The nonlinearity of the mooring system stiff-
ness normally needs to be taken into account in the response
analysis; i.e. it is not generally acceptable to calculate sepa-
rately the line tensions due to coincident wind, waves and cur-
rent, and then superimpose these results. However, this may
be acceptable for a nearly linear system stiffness, as might be
the case with ataut mooring system.

D400 ULSandALS

401 Appropriate combinations of wind, wave, and current-
induced |oad-effects need to be considered, such that these
environmental combinations each have ajoint annual probabil-
ity of exceedence of 10°2; i.e. a 100-year return period. Rele-
vant directions of the separate environmental effects also have
to be considered. The usual combination of 100-year return
period for wind and waves with 10-year return period for cur-
rent, from Ch.2 Sec.1 B, is not necessarily adequate in cases
with significant VIM.

402 A time domain mooring system analysisis advisable to
include the effects of VIM on mooring linetensions. Thedrag
coefficient should be adjusted for the effect of VIM in this
analysis. This may be achieved by initially assuming a VIM
amplitude, and subsequently iterating on that amplitude. Mean
environmental loads are then applied to determine the mean
platform offset. The natural frequencies of sway and roll are
determined for that mean position. The VIM amplitude is
extracted from the VIM analysis, and a sinusoidal force (or
force and moment) is found which will result in the same
amplitude of transverse platform displacement relative to the
mean position. Thistransverse sinusoidal force and an in-line
drag force variation at twice the frequency are then imposed,
together with the other wind, wave and current loads. The vor-
tex shedding loads should be modelled as independent of the
oscillatory wind and wave loads. The resulting time histories
of mooring line tensions are analysed in the usua way to
obtain the characteristic line tensions. The VIM effects con-
tribute primarily to the mean and low-frequency components
of linetension. Care should be taken to ensure that the length
of the realisations is adeguate to avoid significant statistical
uncertainty.

403 A strip model for variation of vortex shedding loads
aong the cylinder length would introduce more complexity
into this mooring system analysis, and possibly require addi-
tional model test results for vortex shedding forces on a cylin-
der undergoing forced vibrations.

404 The distribution of the maxima of the low-frequency
tension component should be checked to ensure that it does not
seriously deviate from the usua distribution type (between
exponential and Rayleigh distributions), not in a conservative
direction.

405 It isassumed that the safety factors already defined for
the ULS and AL S may be applied in cases when VIM contrib-
utes significantly to the dynamic line tension. To ensure that
this assumption is permissible, the following should be
observed:

a) biasintheanalysisof VIM effects should be avoided, and
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any unavoidable bias should be conservative with respect
to linetension

b) VIM effects should imply a coefficient of variation less
than 10% for the estimation of the standard deviation of
low-frequency tension, under specified environmental
conditions

¢) model uncertainty in the estimation of VIM effects should
imply a coefficient of variation less than 5% for the esti-
mation of the mean tension, under specified environmental
conditions.

Additional conservatism should be applied to compensate, if
conditions (b) and (c) are not fulfilled.

D500 FLS

501 VIM may contribute appreciably to the accumulation of
fatigue damage if sufficiently severe VIM events are expected
to occur, with an appreciable duration. If thisappearsto bethe
case, then detailed analysis of VIM is required for the FLS.
Thejoint environment must be made discrete in enough detail
to allow a reasonably accurate estimate of the total fatigue
damage. This can require consideration of an extensive set of
environmental states. If VIM events coincide with linetension
dueto wind and/or wave effects, then it is essential to consider
the effects together, because of the nonlinear nature of the
Miner-Palmgren hypothesis for fatigue damage accumul ation.

502 The same analysis technique as described for the ULS
and AL S may be applied to determine the tension time history
in an environmental state. 1t seemslikely that the VIM effects
will contribute to the low-frequency tension, without signifi-
cantly increasing the bandwidth of this tension component.
Hence, combined spectrum or dual narrow-banded approaches
described in Ch.2 Sec.2 G300 may be applicableto calculation
of the fatigue damage. It may be advisable to check a few
cases by rainflow counting. If VIV eventsoccur inthe absence

of wind and waves, then the fatigue damage calculation may
possibly be simplified, by assuming constant amplitude for the
tension oscillations.

The accuracy and computational expense of time domain anal-
ysis may be somewhat excessive for the fatigue analysis.
Somewhat more uncertainty is normally tolerable for an indi-
vidual environmenta state, since the total fatigue damage is
the sum of damages from many states. Hence, it may well be
possible to develop an acceptable frequency domain analysis
for this purpose.

503 It isassumed that the safety factors already defined for
the FLS be applied in cases when VIM contributes signifi-
cantly to the fatigue damage, provided the bounds on the
model uncertainty are observed.
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SECTION 2
MOORING SYSTEM ANALYSIS

A. General

A 100 Objective

101 This section provides a structural design procedure for
the mooring lines of floating offshore units, in a partial safety
factor format.

A 200 Application

201 Thedesign criteriaare formulated in terms of three limit
statesULS, ALS and FLS. Definitions are given in B101.

202 The safety factors for the limit states have been cali-
brated against more detailed cal culations using the methods of
structural reliability analysis. Turret moored ships and semi-
submersibles in water depths from 70 m to 2000 m, and envi-
ronmental conditions for the Norwegian continental shelf and
for the Gulf of Mexico were included in the calibration.

203 The safety factors are also applicable to deep draught
platforms (such as SPAR), provided that additional attentionis
applied to current loads and current directions. Possible effects
of low frequency excitation on vertical plane motions shall be
considered.

204 The design procedure is intended to be applicable for
floating units with position mooring systems consisting of
chain links, steel wire ropes, synthetic fibre ropes and a com-
bination of these mooring line components.

205 Thedesign procedure should be applicable to other geo-
graphical locations where the environmental conditions are
more or less severe than considered in the calibration.

206 The design procedure is intended to be equally applica-
ble to mobile drilling units, floating production units, loading
buoys and floating accommodation units. Distinction between
the possible consequences of a mooring system failure for dif-
ferent types of unitsisincluded inthe ULS and ALS.

B. Method

B 100 General

101 The mooring system shall be analysed according to
design criteria formulated in terms of three limit state equa-
tions:

a) Anultimate limit state (ULS) to ensure that the individual
mooring lines have adequate strength to withstand the |oad
effects imposed by extreme environmental actions.

b) Anaccidental limit state (ALS) to ensure that the mooring
system has adequate capacity to withstand the failure of
one mooring ling, failure of one thruster or one failure in
the thruster system for unknown reasons.

c) A fatigue limit state (FLS) to ensure that the individual
mooring lines have adequate capacity to withstand cyclic
loading.

102 Each limit state is formulated as a design equation or
inequality in the form:

Design capacity — Design load effect > 0

Where typically:

Design capacity = Characteristic capacity

Partial safety factor on capacity

Design load-effect = Characteristic |load-effect - Partial safety
factor on |oad-effect.

The characteristic values are computed according to arecipein
the procedure. The anchor line design for long term mooring
must satisfy al the limit states.

103 The environmental condition and loads shall be in
accordance with Sec.1.

104 Unless otherwise documented a friction coefficient of
1.0 between the mooring line (chain) and the sea bottom can be
applied. For steel wirerope afriction coefficients of 0.5 can be
applied. Further guidance regarding friction coefficients for
mooring linesresting on clay bottom are provided in DNV -RP-
E301 and DNV-RP-E302.

105 The stiffness characteristics of the mooring system shall
be determined from recognised theory taking account of both
line elasticity and weight.

106 The effective elastic modulus shall be obtained from the
manufacturer of the mooring line component.

Guidance note:

For preliminary design the effective elastic modulus applied in
the mooring analysis may be taken as:

- Stud chain R3: (12.028 — 0.053-d)-1010 N/m?2

- Stud chain R4: (8.208 — 0.029-d)-1010 N/m?

- Studless chain R3: (8.37 —0.0305-d)-1010 N/m?2

- Studlesschain Ré4: (7.776 —0.01549.d)-1010 N/m?

Where d is the chain diameter in mm. Vicinay has provided the
elastic moduli for chain.

- Six strand wire rope:
7.0 - 1019 N/m?2 corresponding to nominal
diameter of the steel wire rope.

- Spiral strand wire rope:
1.13 - 1011 N/m2 corresponding to nominal
diameter of the steel wire rope.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

107 Synthetic fibre ropes are made of visco elastic materials,
so their stiffness characteristics are not constant and vary with
the duration of load application, the load magnitude and
number of cycles. In general, synthetic mooring lines become
stiffer after along servicetime. Thefollowing stiffnessmodels
can be applied in the analysis:

a) Defineanon-linear force elongation relation model, which
replaces the one stiffness (E-module) model.

If anon-linear elongation relation is not available the fol-
lowing procedure should be applied to analyse the effects
of anchor line stiffness under the following conditions:

b) To establish the unit’'s excursion and demonstrate that it
does not exceed the excursion capability of risers or other
offset constraints. This analysis is carried out using the
post-installation stiffnessin ULS and ALS.

c) To establish characteristic line tension in ULS and ALS
the storm stiffness shall be applied. Alternatively, amodel
consisting of an intermediate (drift) stiffness for calcula-
tion of characteristic tension due to mean loads and low
frequency motions, and a storm stiffness for the character-
istic tension due to wave frequecy motions.

d) Thefatigue (FLS) shall be performed using the storm stiff-
ness.

Examples of non-linear force elongation cure together with

stiffness are given in Sec.4 J700.

108 The stiffness of synthetic fibre ropes has to be verified
by testing in connection with certification of the ropes.
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109 The analysis of the mooring system behaviour may be
based on quasi-static or dynamic approaches. For water depth
exceeding 200 m adynamic analysis according to 407 and 408
has to be carried out.

110 For floating production, storage units or CALM buoys
analysis including effect from anchor line dynamics shall be
carried out regardless of water depth where other significant
dynamic effects are likely to occur.

111 The maximum allowable azimuth deviation between the
design and “as laid” anchor pattern for long term pre laid
mooring system is £1.5° for each anchor line. The maximum
allowable deviation is £5° for mobile units, typically drilling
units and accommodation units.

B 200 Floating platform response analysis

201 The response of the floating platform in a stationary,
short-term, environmental state may conveniently be split into
three components:

1) Mean displacement due to mean environmental |oads.

2) Low frequency displacements, in the frequency range of
the natural periods of the moored platform in surge, sway
and yaw modes of motion, due to low-frequency wind
loads and second-order wave loads. (Low frequency
response for other modes such as pitch and roll can be
important for some platform types, such as deep draught
floating platforms).

3) Oscillationsinthe frequency range of theincoming waves,
dueto first-order wave loads.

4) Vortex induced vibration shall be considered for deep
draught floating platforms.

202 Theanalysis must take due account of all these elements
of excitation and response. Forces due to the mooring lines
and risers must also be taken into account, but some simplifi-
cation is usually appropriate with mooring lines in a catenary
configuration:

1) The restoring forces due to the mooring lines must be
taken into account in the mean displacement. The non-lin-
ear restoring force function due to the mooring system
should be applied directly.

2) The restoring force and damping effect due to mooring
lines must be taken into account in the low-frequency
response. The effects may be linearised, but the linearisa-
tion should be centred on the mean position applicable in
the environmental state.

3) The effects of mooring lines on the wave-frequency
response can be neglected in most cases, see Sec.1 C506.

4) The effectsof asingle riser are usualy negligiblein com-
parison with the effects of the mooring lines, but the
effects of multiple risers may need to be included. Risers
may cause restoring forces, damping and excitation forces,
which have to be taken into account.

203 The damping of the low-frequency motionsis acritical
parameter, which may be difficult to quantify. It is dependent
on water depth, the number of mooring linesand risersin addi-
tionto the actual seastate and current profile. If model testsare
available, then they can provide a basis to quantify the damp-
ing. The basis for the damping should always be clearly docu-
mented by relevant model tests for units designed for
production and/or storage of hydrocarbons. If an adequate
basisislacking, then a conservative estimate should be made.

Guidance note:
Some examples of damping coefficients:

For aship in 150 m water depth, with 12 mooring lines and no
risers:

- the surge damping coefficient was 5 to 10 % of critical damp-
ing

- the sway damping coefficient was 15 to 20 % of critical
damping.

For a twin-pontoon drilling semi-submersible in 450 m water

depth, with 8 mooring lines and no risers:

- the surge damping was 10 % of critical damping
- the sway damping was 15 % of critical damping.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

204  Critical damping is given by
2Jk - ma

Where k isthe restoring coefficient at the mean platform posi-
tion and m is the platform mass including added mass.

205 Documentation of the unit’s response analysis methods
must be available. The accuracy of computer programs for
response analysis must be quantified by comparison with rele-
vant model test results. The accuracy of model test results
applied in the design must be quantified.

B 300 Mooringlineresponse analysis

301 Quasi-static analysisis usualy appropriate to determine
the mooring line responseto mean and low-frequency platform
displacements, while dynamic mooring line analysisisusually
appropriate for mooring line response to wave-frequency dis-
placements of the platform. The quasi-static mooring line
response analysis must take account of:

— the displacement of the upper terminal point of the moor-
ing line due to platform motions

— theweight and buoyancy of the mooring line components

— thedasticity of the mooring line components

— reaction and friction forces from the seabed.

302 In addition, dynamic mooring line response analysis
must also take account of:

— inertia forces acting on the mooring line components, if
the weight of the mooring system is large compared to the
weight of the floating body

— hydrodynamic drag forces acting on the mooring line com-
ponents.

303 Thedynamic analysis may be linearised, but the lineari-
sation point should take account of the line configuration at the
instantaneous platform position in the environmental state, due
to mean displacement and low-frequency motion.

304 Theanchor positionisassumed fixed inthe mooring line
anaysis. Hydrodynamic excitation forces on mooring line
components are normally negligible in comparison with the
other forces, but may need consideration for buoyancy mod-
ules. The bending stiffness of the mooring line is normally
negligible.

305 Documentation of the method applied in anchor line
response anaysis shall beavailable. The accuracy of compu-
ter programs for mooring line response must be checked by
comparison with other methods, for instance model tests.

306 The relevant pretension shall be applied for the operat-
ing state that is considered. It is not alowed to take into
account in the mooring analysis adjustment of pretensioninthe
various lines by running the winches.

307 Adjustment of line tension caused by change of position
or draught and shift of consequence class should be taken into
account:

a) An accommodation unit with gangway connection to
another installation, which is lifting the gangway and is
running the winches to move to a standby position due to
bad weather.
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b) Units operating with continuously changing position e.g.
pipe laying units.
¢) A production unit, which is running the winches to

increase the distance to a well head platform due to bad
weather.

d) Shift from consequence class 2 to consequence class 1,
prior to severe weather by eg. changing to survival
draught.

B 400 Characteristiclinetension for theULS

401 All mooring lines in the system are considered to be
intact in the analysis of the ULS. Two components of charac-
teristic line tension are considered:

a8 Tc_mean the characteristic mean line tension, due to pre-
tension and mean environmental loads in the environmen-
tal state.

b) Tc_qvn the characteristic dynamic line tension induced by
low-frequency and wave-frequency environmental loads
in the environmental state.

402 Thefollowing response statistics are determined in each
environmental state considered:

— Xinean IS the mean horizontal distance of the upper termi-
nal point of the mooring line from the anchor

— ox_f IS the standard deviation of horizontal, low-fre-
guency motion of the upper termina point in the mean
mooring line direction.

For dynamic analysis of wave-frequency tension:

— or_wr [X] isthe standard deviation of the wave-frequency
component of line tension, which is dependent on the
mean excursion X applied in the analysis, computed for
one location, with excursion X = X — X\wr_max, Where
X Xwi— max are defined in 405 and 406.

For quasi-static analysis of wave frequency tension:

— oy _wr is the standard deviation of horizontal, wave-fre-
guency motion of the upper termina point in the mean
mooring line direction.

403 If dl lines are identical, then the statistics are only
needed for the most heavily loaded line. If thelines are differ-
ent, then the statistics are needed for each line. The line ten-
sion results are primarily needed at the most heavily loaded
location along the line, usually close to the top, or to a buoy-
ancy module. If different strengths of mooring line compo-
nents are applied along the length of the line, then the line
tension results can be applied for the most heavily loaded loca-
tion of each component type.

404 Quasi-static mooring line response analysis providesthe
linetension T at apoint in theline asafunction of the horizon-
tal distance between lower and upper terminal pointsof theline
X, as can be represented by the function:

TodlX]
Thus, the characteristic mean tension is given by

Tc-mean = TQS[Xmean]
Note that this mean tension includes the pretension of the line,
which would occur at the mooring system equilibrium posi-
tion, in the absence of environmental effects.

405 A Gaussian process model isapplied in the devel opment
of the characteristic tension from the statistics listed in 402.
This Gaussian model isadopted as acompromise between sim-
plicity and accuracy in this design procedure. The inaccuracy
of the Gaussian process model has been taken into account in
the calibration of the design procedure. On this basis, signifi-

cant and maximum low-frequency excursion are defined as
X Fsig= 20x-LF

XL F-max = 0x-LF - JJ2INN| ¢

Where N ¢ is the number of low-frequency platform oscilla-
tions during the duration of the environmental state, which is
normally taken as 3 hours. Similarly, significant and maximum
wave-frequency excursion are defined as

Xwr-sig = 20%-wWF

Xwh-max = Ox-wr /21NNy ¢

Where Ny is the number of wave-frequency platform oscil-
lations during the duration of the environmental state.

406 The characteristic offset X istaken as the larger of:
Xc1 = Xmean * XL—max + Xwr-sig

Xc2 = Xmean * XLF—sig + XwF-max

407 When dynamic mooring line analysis is applied, the
maximum wave frequency tension is defined by:

Twr-max = o7-wr [Xc = Xwr-mad 2INNyg
where the notation is intended to provide a reminder that the
standard deviation of wave frequency tension is a function of
the excursion about which wave frequency motion takes place.

408 When dynamic mooring line analysis is applied, the
characteristic dynamic tension T¢_gyp, is defined by:

Tcayn=Tos [Xc = Xwr-max = Tc-mean + Twr—max

409 When the quasi-static mooring line analysis is applied,
then the characteristic dynamic tension T¢_gy, is defined by

Tc-dyn = Tos [Xcl = Temean

B 500 Characteristiclinetension for the ALS

501 One mooring line is assumed to have failed, and is
removed in the analysis of the ALS.

a) When all mooring linesareidentical, severa lines shall be
removed one at atime in order to identify the line failure
leading to thelargest tension in an adjacent line.

b) If the mooring lines are not identical, then it may be nec-
essary to consider a number of cases with different miss-
ing lines, to check the highest resulting tension in each
type of mooring line.

502 The ALS addresses the situation where the initial line
failure occurs in severe weather, and considers the stationary
mooring system response to the same environmental condi-
tions. Hence, no adjustment of line pretension after the initial
line failure shall be considered in the analysis. For conven-
ience, the same environmental conditions are applied asfor the
ULS, and the calibration of the safety factors hastaken account
of the low probability of occurrence of so severe weather
together with arandom initial failure.

503 Thetransient response immediately after the initial fail-
ure might be expected to lead to higher line tensions. This has
been found to be very unlikely in the presence of severe envi-
ronmental conditions, with considerable oscillatory excitation
forces. If unusually high line tensions are required for some
special operationsin relatively calm weather, then it is advisa-
ble to also consider the transient case, but this is not covered
here.

504 The platform response and mooring line response anal-
ysisis carried out exactly as for the ULS, but with one line
missing. The characteristic tension components are computed
asfor the ULS.
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B 600 Refined response analysis

601 The calibration of the present design procedure is based
on linearised, frequency domain computations of both the
floating platform response and the dynamic mooring line
response, together with Gaussian process models. Many
designers may wish to pursue more refined cal culations of the
system response, perhaps in the final verification of their
designs. The present design procedure is not necessarily
directly applicable to the results of different methods of analy-
sis.

602 More refined anayses through refined numerical mod-
els, such as time domain simulation, or model tests should be
encouraged in principle, since they can lead to better under-
standing of the mooring system design, and to better designs.
Such refined analyses should be carried out for novel mooring
systems.

603 The concept of a“method factor” isintroduced to make
some allowance for the use of more refined analysis resultsin
conjunction with the present design procedure. The partial
safety factor on the dynamic tension y4,, may be modified by
a method factor f,,, when the tension has been computed by
more refined analysis. Thereislittle reason to apply a method
factor to the mean tension term, since this quantity isrelatively
well quantified by the present design procedure.

604 Method factors have been established for the case when
the refined response analysis uses a more accurate distribution
model for the low-frequency platform displacement (/1/,/2/).
Detailed description is given in NORSOK N-003. Further a
more accurate consideration of the effect of the quadratic drag
force on the maximum of the wave-frequency tension (/3/).
The method factor may be set to 0.95 for the ULS and 0.90 for
the ALS in this case.

605 Response based analysiswhere the 100 year tensionsare
caculated using a long term environmental description
involves more details of short-term tension distribution, which
are not widely agreed. Reliability analyses have to be applied
in order to focus on the details of short-term tension distribu-
tion and uncertainty modelling.

606 Method factors may be developed to alow for other
analysis procedures, by extension of the calibration used here.

C. Characteristic Capacity

C 100 Characteristic capacity for theULSand ALS

101 The mooring line components should be manufactured
with a high standard of quality control, according to recog-
nised standards, such as, Standard for Certification No. 2.5,
Standard for Certification No. 2.6 or Standard for Certification
No. 2.13.

102 Careful control of all aspects of handling, transport, stor-
age, ingtalation, and retrieval of the mooring lines is also
imperative to ensure that the capacity of the mooring linesis
not reduced. The characteristic capacity is defined on this
basis.

C 200 Main body of mooring line

201 A mooring line is usualy assembled from a large
number of identical components of a few types, together with
a few connecting links, line terminations, etc. A chain line
obviously contains alarge number of chain links. A long steel
wire rope or a synthetic fibre rope may aso be conceptually
treated as a large number of wire rope segments. It is well
known that the strength of a long line is expected to be less
than the average strength of the components that make up the
line. Thiseffect istaken into account in the present definition
of the characteristic capacity.

202 The following statistics are required for the strength of

the components that make up the main body of the mooring
line:

— us the mean value of the breaking strength of the compo-
nent

— O the coefficient of variation of the breaking strength of
the component.

Then the characteristic strength of the body of the mooring line
constructed from this component is defined by:

S, = u1-05(3-65,)], 5,<0.10

This formulation is applicable for components consisting of
chain, steel wire ropes and synthetic fibre rope.

203 When statistics of the breaking strength of a component
are not available, then the characteristic strength may be
obtained from the minimum breaking strength S5 Of new
components, as

Sc = 0.95S,

204 The statistical basis for the characteristic strength can
also be applied to used componentsiif breaking strength statis-
ticsare obtained for the used components by carrying out break
load tests. However, the alternative basis using the minimum
breaking strength should not be applied to used components
without changing the reduction factor.

205 When the strength distribution is based on test statistics,
the statistical uncertainty in the results depends on the number
of tests performed. The uncertainty in the characteristic line
strength has been simulated for different test sizes and for dif-
ferent coefficients of variation of the individual line compo-
nent strength. Simplified reliability analyses, using a typical
load distribution, have then been performed in order to quan-
tify a reduction in the characteristic strength that is necessary
in order to maintain the target reliability. A simple expression
has been fitted to these results, and the reduced characteristic
strength S* ;. can be expressed as:

S = sc[l—z.o(%ﬂ

— Ogisthe coefficient of variation of the breaking strength of
the component
— nisthe number of tests, not less than 5.

206 Creep propertiesfor synthetic fibre ropes shall be evalu-
ated by testing, see Sec.4 J1700 and Sec.5 F.

C 300 Connectinglinksand terminations

301 Other components in the mooring line such as connect-
ing links and terminations should be designed to have strength
exceeding the characteristic strength of the main body of the
mooring line, with avery high level of confidence.

D. Partial Safety Factorsand Premises

D 100 Consequence classes

101 Two consequence classes areintroduced in the ULSand
ALS, defined as:

Class1, where mooring system failureis unlikely to lead to
unacceptable consequences such asloss of life, col-
lision with an adjacent platform, uncontrolled out-
flow of oil or gas, capsize or sinking.

where mooring system failure may well lead to
unacceptable consequences of these types.

102 The partia safety factors given in 200 and 300 are appli-

Class 2,

DET NORSKE VERITAS



Amended April 2007
see note on front cover

Offshore Standard DNV-OS-E301, October 2004
Ch.2 Sec.2 — Page 33

cable to chain, steel wire ropes and synthetic fibre ropes.

D 200 Partial safety factorsfor the ULS
201 Thedesign equation for the ULSis given by

Sc = Tc—mean’mean = Tc—dyn’dyn = 0
where the characteristic quantities are defined above, a partial

safety factor of unity on the capacity is implicit, and the
remaining partial safety factorsare given in Table D1.

Table D1 Partial Safety Factorsfor ULS
.. | Partial Safety | Partial Safety
Conseguence o?ﬁg;ra”ﬂgﬁcs factor on mean factor on
Class i & Y tension dynamic ten-
ension ;
Ymean SI0N Ydyn
1 Dynamic 1.10 150
2 Dynamic 1.40 2.10
1 Quasi-static 1.70
2 Quasi-static 2.50
202 If the characteristic mean tension exceeds 2/3 of the

characteristic dynamic tension, when applying adynamic anal-
ysisin consequence class 1, then a common value of 1.3 shall
be applied instead of the separate static and dynamic safety
factors given in Table D1. Thisisintended to ensure adequate
safety in cases dominated by the mean tension component.

D 300 Partial safety factorsfor the ALS

301 Thedesignequation for the ALSisidentical tothe ULS,
but the partial safety factors are given in Table D2.

Table D2 Partial Safety Factorsfor ALS
; Partial Safety
.. | Partial Safety
Type of analysis factor on
Cong?ggsence of wavefrequency fact(t)énosri]OrEean dynamic ten-
tension " sion
1 Dynamic 1.00 1.10
2 Dynamic 1.00 125
1 Quasi-static 1.10
2 Quasi-stetic 135

302 The combination of an accidental line failure with char-
acteristic loads based on a 100-year return period is, in itself,
relatively conservative. Hence, the partial safety factors in
table D2 are relatively small; i.e. close to unity. These factors
should be adequate even when the loading is dominated by the
mean tension, provided that 100-year environmental condi-
tions give rise to a significant portion of the mean tension.

D 400 Typical operations covered by consequence
class 1

401 Safety factorsfor consequence class 1 are applicable for
the operationsin 402 to 405:

402 Column-stabilised drilling units with the riser discon-
nected, when the unit islocated at least adistance Xy, (m) from

other units or installations defined as follows;

X, = 300m h < 300m
X, =15(h—300)+300 (m)  h>300m

h = water depthin meter
For ship-shaped units the distance (X/) shall be asfollows:

Xy = 2Ly, (M) h<300 m

X, =20(h-300)+2L,, (m) h>300m
Loa= overadl length

See Fig.1.

403 Column stabilised accommodation units positioned 300
m away from another unit of fixed installation. However, col-
umn stabilised accommodation units in stand by position at
least 150 m away from a fixed installation can be designed
according to Consequence Class 1 provided it is documented
that loss of al linesat one column will not cause collision with
the fixed installation.

404 Units designed for production and or injection of ail,
water or gas through a system of one flexible riser and an asso-
ciated well control umbilical. The unit shall be located at |east
adistance X,, away from another structure and emergency dis-
connection of riser and associated umbilical must be available
and it shall be documented that the riser and umbilical can
withstand the offset caused by a singlefailure.

405 Offshore loading buoys with no tanker moored.

D500 Typical operations covered by consequence
class2

501 Drilling units with the riser connected.

502 Drilling, support and accommaodation units operating at
adistance less than 50 m from other units or installations. See
Fig.2.

503 Units designed for production and or injection of oil,
water and or gas through a system of several flexible, steel cat-
enary or rigid risers, and associated umbilicals shall be
designed according to consegquence class 2, when the unit is
not designed for emergency disconnection..

504 When a column stabilised accommodation unit is posi-
tioned a distance between 50 m and X, m from another unit or
installation, the mooring lines pointing away from the installa-
tion have to be designed according to consequence class 2,
while the mooring lines pointing towards the installation may
be designed according to consequence class 1. See Fig.3.

505 Offshore loading buoys with a tanker moored. The
buoy’ s distance from another installation shall be large enough
to give sufficient space for manoeuvring of atanker.

506 Production of hydrocarbons may take place after aline
failure or a failure in thruster assisted systems provided the
design equation for ULS and ALS given in 102 meets the
requirements for consequence class 2 for al the remaining
anchor lines.
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The position of a unit at least a distance X,, away from an instal-
lation
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The position of a unit within 50 m of another installation
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Figure3
The position of a unit between 50 m and a distance X,, away from
an installation

D 600 Permissiblehorizontal offset

601 The horizontal offset from a given reference point shall
be within the operational service limitation, including offsets:

— for the intact mooring system
— after any single failure of aline or in the thruster system.

602 When the unit is connected to a rigid or vertical riser
(e.g. drilling riser), the maximum horizontal offset is limited
by the maximum allowableriser angle at the BOPflex joint. A
safety margin of 2.5% of the water depth shall be included.

603 Maximum horizontal offset of flexible and steel cate-
nary risers shall not exceed the manufacture specification.

604 Maximum environmental conditions for drilling opera-
tion are al so to take the heave compensating capacity into con-
sideration.

605 When the unit is connected by a gangway to another
structure, the positioning system and the gangway structure
shall meet the following criteria

a) The distance between the unit and the installations shall
notbe less than 10 m at any point.

b) During normal operation an excursion reserve of 1.5 m of
the specified maximum excursion of the gangway shall be
included.

c) The gangway shall be equipped with alarm in the control
room, which shall be activated when the maximum excur-
sion is exceeded.

d) The gangway shall be positioned so that it will not collide
with any other structure after asingle failure.

D 700 Permissiblelinelength

701 For anchors not designed to take uplift forces, the fol-
lowing applies:

— the mooring lines shall have enough length to avoid uplift
at anchorsfor al relevant design conditionsinthe ULS

— vertical forces on the anchors can be accepted in the ALS,
if itisdocumented that these vertical forceswill not signif-
icantly reduce the characteristic resistance of the anchors.

702 Anchors designed to withstand vertical forces will be
accepted in both ULS and AL S conditions, see Sec.4.

703 Unredligtic line lengths to meet the requirementsin 701
shall not be used in the mooring analyses.
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Guidance note:

The maximum deployed line length alowed to be taken into
account in the calculationsis limited to the suspended length at a
linetension equal to the breaking strength of the line plus 500 m.

---e-n-0---of---G-u-i-d-a-n-c-e---n-o-t-e---

D 800 Anchor pattern

801 The anchor pattern shall not interfere with the safety of
bottom pipelines, flowlines or other sub-sea petroleum sys-
tems. The minimum vertical clearance between mooring lines
and all type of sub-sea equipment shall beat least 10minULS
condition. In ALS condition contact is not permitted i.e. the
clearance should be larger than O m. Further information is
given in DNV Rules for Planning and Execution of Marine
Operations Pt.2 Ch.7 4.3.

802 Contact between a fibre rope mooring line and sub-sea
equipment can be accept if contact will not cause damage to
the fibre rope and the equipment.

803 Contact between risers and mooring lines is not permit-
ted.

804 Crossing of anchor linesis normally not accepted. How-
ever, acceptance may be given if sufficient actions are taken to
avoid contact, e.g. by use of buoyancy equipment on the upper
anchor line. Further information is given in the Rulesfor Plan-
ning and Execution of Marine Operations Pt.2 Ch.7 4.3.

805 For operation in vicinity of afixed installation, a posi-
tive clearance between the mooring lines and the installation
has to be obtained in all limit state conditions.

E. Additional Requirementsfor Long Term
Mooring

E 100 General

101 These requirements are applicable to all type of floating
units equi pped with amooring system, which are positioned at
the same location for 5 years or more.

102 Fatigue calculations shall be carried out for mooring
lines and connection elements by using site specific environ-
mental data.

103 It is recommended that fatigue calculations are carried
out for units positioned at alocation for lessthan 5 years, when
the in service experience has shown anchor line fatigue dam-
age.

104 Fatigue calculation of long term mooring (LTM) D-
shackles dimension according to 1SO 1704 may be omitted.
These shackles are oversized compared to the common chain
links, therefore the fatigue life of aLTM shackleishigher than
the fatigue life of the chain.

E 200 Corrosion allowance

201 Corrosion alowance for chain, including wear and tear
of chain and connection elementsto beincluded in design. The
minimum corrosion allowance given in Table E1 shall be used
if corrosion allowance datais not available for the actual loca-

tion.

Table E1 Corrosion allowance for chain

Corrosion allowance referred to the
chain diameter
Partof Requirements
mooringline | Noinspection | R?éjilgrr] 1) | for the Norwe-
(mm/year) (ﬁm/ ear) gian continen-
Y tal shelf
Splash zone d 0.4 0.2 0.82
Catenary 4 0.3 0.2 0.2
Bottom %) 0.4 0.3 0.26

1) Regular inspection e.g. in accordance with the Classification Societies
or according to operators own inspection program approved by the
National Authoritiesif necessary. The mooring lines have to be
replaced when the diameter of the chain with the breaking strength used
in design of the mooring system is reduced by 2%.

2) Theincreased corrosion allowance in the splash zone is required by
NORSOK M-001 and is required for compliance with NPD , see
DNV-0SS-201.

3) Splash Zoneisdefined as5m abovethestill water level and 4 m below
the still water level.

4)  Suspended length of the mooring line below the splash zone and always
above the touch down point.

5) Thecorrosion allowance given in the table is given as guidance, lower
values may be accepted provided it is documented.

6) Investigation of the soil condition shall be carried out in order to docu-
ment that bacterial corrosion is not taking place.

202 The characteristic capacity of the anchor lines which
forms the basis for the mooring calculations shall be adjusted
for the reduction in capacity due to corrosion, wear and tear
according to the corrosion alowance given in Table F1.

203 Thelifetime of asteel wireropeisdependent on the con-
struction and degree of protection. Guidance for choice of steel
wire rope construction depending on the wanted design is
givenin Table F2.

Table E2 Choice of steel wirerope construction

Field design life P"&“B';':;‘j‘ggg ;gg:ggneg'em of
(years) Yes No
<8 A/BIC A/BIC
8-15 A/BIC A/B
>15 A/B A

A) Half locked coil/full locked coil/spiral strand with plastic sheathing.
B) Half locked coil/full locked coil/spiral strand without plastic sheathing.
C) Six strand/multi strand.

204 Buoy pennant lines, clump weights and their fasteners
attached to mooring lines shall be dimensioned with corrosion
allowance according to Table F1 if no detailed data for the
location isavailable.

F. Fatigue Limit State (FLS)

F 100 Accumulated fatigue damage

101 The characteristic fatigue damage, accumulated in a
mooring line component as a result of cyclic loading, is
summed up from the fatigue damage arising in aset of environ-
mental states chosen to discretise the long term environment
that the mooring system is subject to:

where d; isthefatigue damage to the component arising in state
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i and the discretisation into i=1,...,n states is sufficiently
detailed to avoid any significant error in the total. Each envi-
ronmental state isdefined in terms of the heading angles, wind,
wave and current parameters required to compute the station-
ary mooring system response in that state. The probability of
occurrence P, isrequired for each environmental state.

102 When the effects of mean tension can be neglected, the
fatigue damage accumulated in an individual state may be
computed as:

SI(S)

d =
") s @

where n; is the number of stress cycles encountered in state i
during the design life of the mooring line component, fg(s) is
the probability density of nominal stress ranges (peak-to-
trough) applied to the component in state i, and ng(s) is the
number of stress ranges of magnitude sthat would lead to fail-
ure of the component. The nominal stressranges are computed
by dividing the corresponding tension ranges by the nominal
cross-sectiona area of the component; i.e.
2 2

% for chain, and ”% for steel wire rope, where d isthe

component diameter.

103 The number of stress cyclesin each state can usually be
determined as:

where 14 is the mean-up-crossing rate (frequency in hertz) of
the stress process (i.e. the mean up-crossing rate through the
mean stress level) in state i, P, indicates the probability of
occurrence of statei, and T isthe design lifetime of the moor-
ing line component in seconds. In practice the integral in 102
isusually replaced by the cycle counting algorithm in 300.

F 200 Fatigueproperties
201 The following equation can be used for the component

capacity against tension fatigue:
_ —m
n.(s) = aps

This equation can be linearised by taking logarithmsto give:
log(n.(s)) = log(ap)—m-log(s)

n(s) the number of stress ranges (number of cycles)
S the stress range (double amplitude) in MPa

ap = the intercept parameter of the SN curve

m = the dope of the S-N curve

The parameters ap and m are given in Table F1 and the SN
curves are shownin Fig.4.

Table F1 SN Fatigue Curve Parameters

ap m
Stud chain 1.2-1011 3.0
Studless chain (open link) 6.0-1010 3.0
Six strand wire rope 3.4-10%4 4.0
Spiral strand wire rope 1.7-10%7 4.8

202 The fatigue life of long term mooring (LTM) shackles
can be calculated using the B1 curve parameter and appropri-
ate stress concentration factors (SCF) obtained by afinite ele-
ment method. S-N curves for kenter shackles are not included
since these shackles shall not be used in long term mooring

systems. Other type of connection elements such as pear links,
C-links and D-shackles with locking pin through the shackle
bow and pin shall not be used in long term mooring systems.

1000 spiral-strand
— — Ssix-strand
& —— = = = =stud-link
2 — = =open-link
& NI
g - NQ-'
; 100 |
~ o
I o L -
g- G PAELATIE ™ -
w 1 - 4 ~
] ™~ 3
& ~ '
E 1t 29
5] T~ Y
< Tl
10 = BHEE. |
1,0E+04 1,0E+05 1,0E+06 1,0E+07 1,0E+08

Cycles to failure

Figure4
Design S-N curves

203 The SN curvesfor chain given Table G1 and Fig.4 are
intended to be applicablein seawater, whilethe S-N curvesfor
steel wire ropes assume that the ropeis protected from the cor-
rosive effect of seawater.

204 It is permissible to use test data for a specific type of
mooring line component in design. A linear regression analysis
shall then be used to establish the S-N curve with the design
curve located a little more than two standard deviations below
the mean line, with the use of the procedure givenin G 500. In
the case of chain tests in air, the effect of sea water shall be
accounted for by a reduction of the fatigue life by 2 for stud-
link chain, and by afactor of 5 for studless chain.

205 It should be noted that the recommended reduction fac-
tor for stud chain is only applicable when the stud is perfectly
fitted in the chain link. The fatigue life of a stud chain link is
highly sensitive to variations depending on the tightening of
the stud. When the stud gets loose, the scenario of stress distri-
bution changes totally and this may lead to a significant reduc-
tion in fatigue life. These problems are avoided by using
studless chain.

206 Note that only tension fatigue is considered. Additional
consideration of bending effects may be needed for:

— chain links that are frequently located on a chain wheel
(fairlead)
— wireropethat is passed over sheaths, pulleys or fairleads.

F 300 Fatigueanalysis

301 The long term environment can be represented by a
number of discrete conditions. Each condition consists of aref-
erence direction and a reference sea state characterised by a
significant wave height, peak period, current velocity and wind
velocity. The probability of occurrence of these conditions
must be specified. In general 8 to 12 reference directions pro-
vide a good representation of the directional distribution of a
long-term environment. The required number of reference sea
states can bein the range of 10 to 50. Fatigue damage predic-
tion can be sensitive to the number of seastates, and sensitivity
studies can be necessary.

302 In the fatigue analysis 50% of the chain’s corrosion
allowance can be taken into account.

303 Provided the equation given in 201 is applicable to the
fatigue properties, the fatigue damage in environmental statei
can be computed as.

Where E[S M] is the expected value of the nominal stress
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n.
d = ~E[S ]
D

ranges raised to the power m in state i. The nominal stress
ranges should be computed taking into account the effects of
pretension and the effects of the environmental loads due to
wind, waves and current, as described for the ULS. Although
the cumul ative effect of the stresscyclesisrequiredinthe FLS,
rather than the extreme tension required in the ULS, it is till
necessary to take care to compute the dynamic response of the
mooring lineto wave-frequency loads at arepresentative offset
for each environmental state. The method given in the guid-
ance note can be used.

Guidance note:

Determine al loads and motions (low and wave frequency) as
described for ULS, see B400.

Compute mooring system responses under mean loading using
quasi-static analysis. Then impose wave frequency motions and
calculate the standard deviation of the wave frequency tension
from dynamic analysis.

Add the standard deviation of the low frequency motion to the
mean position and calculate the corresponding tension. The
standard deviation of the low frequency tension is the calculated
tension minus the tension in the mean position.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

304 The computed tension range divided by the nominal
cross-sectional area of the chain link or the wire rope compo-
nent gives the nominal stress range, The cross sectional areas
are defined in 102.

305 If thelow-frequency content of the stress processis neg-
ligible, then a narrow-banded assumption may be applied to
give:

dngi = f(zﬁ%i) r(§+1)

where og is the standard deviation of the stress process and
I'(.) isthegammafunction. Inthiscase, the number of tension
cyclesis computed from the mean-up-crossing rate in hertz of
the tension process vy; and the duration of the environmental
gateT;=P - Tp.

306 If there are both significant wave-frequency and low-
frequency componentsin the tension process, then the expres-
sion for a narrow-banded process is no longer appropriate.
There is fairly genera consensus that the rain-flow counting
technique provides the most accurate estimate for the probabil-
ity density of the tension ranges, but this requires relatively
time-consuming analysis. Therefore the following alternatives
are recommended:

— combined spectrum approach
— dua narrow-band approach.

307 The combined spectrum approach provides a ssimple,
conservative approach, which may be used in computing the
characteristic damage. The fatigue damage for one sea state is
denoted by dcg:

v..T. m_/m
desi = ‘%(Zﬁavi) r(§+1)

The standard deviation of the stress process is including both
wave-frequency oy and low-frequency components o .

_ 2, 2
Oyi = AOLi T Owi

The mean-up-crossing rate 14,; in hertz for one seastateis com-
puted from the moments of t¥1e combined spectrum;

_ 2 2
Wi = JALIVLE T Awi Ywi

A and A, are defined in 310.

308 The number cycles in the combined spectrum, per sea
statein thelifetime is:

309 Thedua narrow-banded approach takes the result of the
combined spectrum approach and multipliesit by a correction
factor p, based on the two frequency bands that are present in
the tension process.

dongi = A desi

The correction factor is given by

1+m
Vp %1‘“2 Aw mr 2
=2l 1- (W [2d Ay —————
p VY(L) { 2 ”Lwr(2+m)
2

V.

w m/2
+—- (ﬁw)

Yy

Where subscript Y refers to the combined stress process, sub-
script P refers to the envel ope of the combined stress process,
subscript L refers to the low-frequency part of the stress proc-
ess, and subscript W refers to the wave-frequency part of the
stress process.

310 The symbol A represents the normalised variance of the
corresponding stress component

0'2 O'2
S R /-
2 2

A= >

2

Where g; is the standard deviation of the low-frequency part
of the stress process, and oy is the standard deviation of the
wave-frequency part of the stress process. The symbol v rep-
resents the up-crossing rate through the mean value, as com-
puted from the second and zero order moments of the
corresponding part of the stress spectrum, for subscripts Y, L,
and W. For the envelope of the stress process, the mean-up-
crossing rateis given by

B 2 2 2.2
Vp = J/lL v AL Aw i Sw

Where &,y isthe bandwidth parameter for the wave-frequency
part of the stress process, but is here set equal to 0.1.

311 A subscript i could have been attached to all the short-
term statistics in equations in 310 to indicate dependency on
the environmental state, but it has been omitted for clarity.

312 Values of the gamma function to be used in the equa-
tions given in 307 and 308 for different values of m are given
in Table F2

Table F2 Gamma Functions
m 3.0 4.0 48
m
r |:-2— + 1:| 1.3293 2.0000 2.9812
r [1 “;m] 1.0000 1.3203 1.8274

313 Results from other approaches may be accepted pro-
vided they are conservative in comparison to the dual narrow-
banded approach, or to the rainflow counting approach, for the
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mooring system under consideration.

F 400 Design equation format

401 The fatigue limit state is intended to ensure that each
type of component in an individual mooring line has a suitable
resistance to fatigue failure. The design eguation for FLSis:

1-d.- %20

the characteristic fatigue damage accumulated as a
result of cyclic loading during the design life time. The
combined spectrum approach or the dual narrow band
shall be applied as the cycle counting algorithms. See
307 and 308.

% = thesingle safety factor for the fatigue limit state.

402 Thefatigue safety factor y shall cover arange of uncer-
tainties in the fatigue analysis. The following values shall be

used for mooring lines which are not regularly inspected
ashore:

% =5 whend-<08

d--0.
Ve = 5+3( 02 whend: >0.8

Where dg is the adjacent fatigue damage ratio, which is the
ratio between the characteristic fatigue damage d. in two adja-
cent lines taken as the lesser damage divided by the greater
damage. dg cannot be larger than one.

403 A single line falure in fatigue is taken to be “without
substantial consequences,” while near-simultaneous fatigue
failure of two or more lines is taken to have “substantial con-
sequences.” Analysis has shown that nominally identical
mooring lines will have very nearly the same fatigue capacity,
and that the recent practice of grouping mooring lines leads to
very nearly the sameloadsin lineswithin agroup. Hence, this
practice may lead to an increase in the occurrence of multiple
fatigue failures. The safety factors defined above are intended
to alow the use of grouped lines while retaining a suitable
level of safety.

404 If the mooring lineis regularly inspected ashore, which
iscommon for mobile offshore units such asdrilling units, then
a safety factor of 3 should be applicable.

405 For long term mooring systems stress concentration fac-
tors (SCF) due to bending of the chain links in the fairleads,
bending shoes, guide tubes and chocks shall al be considered
in the fatigue analysis.

F 500 Effect of number of fatigue tests on design curve

501 It isusual practice to offset the design value of the a-
parameter of the S-N curve by two standard deviationsrelative
to the mean value

log(ap) = log(a)-20

502 With anormal distribution assumption, thisimplies that
the realised value of the a-parameter for a mooring line com-
ponent is likely to exceed the design value with probability
0.9772:

P[A >ap] = 0.9772
503 This holds true when the underlying distribution values

of a,o are applied, but not when estimates of these parameters
are applied. It may be expected that this probability is very

nearly achieved from estimates based on a large number of
fatigue tests, and deviates more when the number of tests is
small. The effect of the number of test data may be included
by introducing a correction factor k(1) into the expression for
the design value of the a-parameter

log(ap) = log(a) —(2+ k()

The value of the correction factor ky(l) can be evaluated for
any test set sizel, by making alarge number of simulations of
A and ap, and iterating the value of the correction factor until
the relative frequency of 0.9772 is obtained for realisations of
A exceeding realisations of 4. Naturally, the normal distribu-
tion assumption has to be retained to make these simulations
feasible.

504 Such simulations have been carried out for a range of
values of test set sizel. A million realisations were found suf-
ficient to make the variability in the results for the correction
factor negligible, and were applied in the simulations. A sim-
ple algebraic function has aso been fitted to these results, and
isgiven by

() = 224 22,

p I |

It is suggested that this correction factor should be applied

when establishing fatigue design curvesfor mooring line com-
ponents from relatively small numbers of fatigue tests.

6<1<200

G. Fatigue Limit Sate (FLS) for Fibre Ropes

G100 General

101 Tension —tension fatigue life of fibre ropes shall be cal-
culated according to the procedure given in G. However, the
fatigue capacity is related to the relative tension R rather than
the stress. The fatigue has to be calculated using the R-N cure
givenin 201.

102 Tension—compression fatigue hasto be documented by
the manufacturer. Calculation is not required since R-N curves
for different materials are not available. However, for long
term mooring systems where compression will take place, the
tension —compression fatigue life shall be documented by test-
ing.

103 The manufacturer shall propose the procedure for ten-
sion — compression testing and the company responsible for
the certification shall approve the procedure.

G 200 R-N curvefor tension —tension fatigue

201 The fatigue curve shownin Fig.5 is developed for poly-
ester ropes /7/, but may be used for other type of fibres dueto
lack of information.

202 The following equation described in F201 can be used
for the component capacity against tension fatigue:

log(n.(R)) = log(ap) —m - log(R)

Where R istheratio of tension range to characteristic strength
defined in C202.

The parameters ap and m are given in Table G1.

Table G1 T-N Fatigue Curve Parameters

ap m
0.259 13.46

Polyester rope
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Figure5
Polyester rope fatigue data and design curve

G 300 Design equation format

301 The fatigue limit state is intended to ensure that each
type of component in an individual mooring line has a suitable
resistance to fatigue failure. The design eguation for FLSis:

1-d.yeg=0
d. = is the characteristic fatigue damage accumulated as a
result of cyclic loading during the design lifetime. The
combined spectrum approach or the dual narrow band
shall be applied as the cycle counting algorithms. See
F307 and F309.
7 = isthesingle safety factor for the fatigue limit state.

302 The fatigue safety factor e is 60 for polyester ropes and
shall cover arange of uncertaintiesin the fatigue analysis.

Guidance note:

Thefatigue safety factor specified for polyester ropeisunusually
large compared to values in the range from 1 to 10 typically
applicable to steel components. This is partly due to the larger
variability in the fatigue test result around the fitted R—N curve.
Secondly, it is aconsequence of the large exponent m = 13.46 of
the polyester R-N curve, compared to m = 3to 4 for typical steel
components. The safety factor of 60 on the fatigue lifetime
together with m =13.46 correspond to a safety factor of 1.36 on
thelinetension. The same safety factor on the line tension would
also correspond to a safety factor of 2.5 on the design lifetime if
the exponent werem = 3.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

H. Reliability Analysis

H 100 Target annual probabilities
101 A mooring system may be designed by direct applica-

tion of structural reliability analysis, as an alternative to the
simplified design calculation presented in B, C, D and G.

102 Such an analysis should be at least as refined asthe reli-
ability analysis used to calibrate the present design procedure
141, 15/, 16/, and must be checked against the results of the cal-
ibration, for at least one relevant test case.

103 The probability levels given in Table H1 have been
applied in the calibration, and should also be applicable in a
comparable reliability analysis:

Table H1 Probability levels
Limit state Consequence class?) g&ﬂ?@t gf“f”;ﬁlj rFémb‘

ULS 1 104
2 105
ALS 1 104
2 105
FLS Singleline 103
Multiple lines 105

1) Consequence Classes are not considered for FLS
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SECTION 3
THRUSTER ASSISTED MOORING

A. General

A 100 Objective

101 Thissection provides recommendations and methodsfor
the design of thruster assisted moorings.

A 200 Application

201 For units equipped with thrusters, a part of or full net
thrust effect may betakeninto account in all design conditions.

202 The effect of thruster assistance may be included in the
computation of the characteristic tension for the ULS.

203 TheALSanalysisshal be carried out for :

— loss of one mooring line
— loss of thruster assistance.

204 If thethruster system includes redundant power systems,
the reliability and availability of the system shall be docu-
mented by a failure mode and effect analysis.

205 The effect of thruster assistance is depending on thelay-
out of the thrust control system and the design conditions. The
permissible use of thrusters and the effects are given in
Table Al

206 Thrusters may be used to assist the mooring system by
reducing the mean environmental forces, heading control and
damping of low frequency motions or a combination of these
functions.

207 The net thrust referred to in Table A1 shall be based on
the following conditions:

— fixed propellerscan be considered only if thrust produced
contributes to the force or moment balance

— azimuthing thrusters can be considered to provide thrust in
all direction, unless specific restrictions are defined

— thruster induced moment shall be taken into account when
thruster assistanceis analysed.

208 When thrusters are used, failures leading to stop of
thrusters shall be considered equivaent to line failure as
defined in Sec.2 B101, and the corresponding safety factors
will apply. See Sec.2 D.

Table A1 Permissible use of thrust effect in thruster assisted
mooring systems
Conseguence L Manual remote Automatic
class Limit state control remote control
70% of net thrust | The net thrust
ULS effect fromall effect fromall
1 thrusters thrusters
70% of net thrust | The net thrust
ALS effect from all effect from all
thrusters 2 thrusters 9
70% of net thrust | The net thrust
ULS effect fromall effect fromall
5 thrusters thrusters
70% of net thrust | The net thrust
ALS effect from all effect from all
thrusters 2 thrusters 9
1) A failure leading to stop of thrusters shall be considered equivaent to a
linefailure. Redundancy in the thruster systemsisnot required if blackout is
considered asasinglefailure, and the design equation givenin Sec.2 D201
fulfilled.

209 The maximum effect of single failure shall not cause a
design load effect higher than the characteristic capacity. See

Sec.2 A202 and D202.

210 Blackout isone typical maximum effect of asingle fail-
ure. If blackout leads to that sum of line tensions multiplied
with the relevant safety factorsis higher than the characteristic
capacity than permitted in ALS (see Sec.2 D300), the power
and control systems have to be arranged with redundancy.

211 Manual thruster control isintended only for limited time
periods, and the arrangement assumes continuous attention of
an operator.

212 Turret moored units, which are not naturally weather
vaneing, and hence dependent on heading control shall be
equipped with an automatic remote control system. Blackout
has to be considered as an single failure if an emergency shut
downis causing stop of al thrusters.

A 300 Definitions

301 The thruster assisted mooring system which is depend-
ent on a manual remote thruster system, signifies a system
comprising:

— thruster system
— power system
— control system
— reference system.

302 The remote thrust control system is a semi-automatic
control system, which enables the operator to give a defined
thrust (force and direction) and/or a turning moment to the
unit.

303 The thruster assisted mooring system, which is depend-
ent on an automatic remote thruster control system, signifiesa
system similar to amanual remote system with the addition of
an automatic control mode.

304 The thruster system comprises the thruster units,
included gear drives and control hardware for control of
thruster speed/pitch and azimuth.

B. Available Thrust

B 100 Determination of availablethrust capacity

101 Theavailable thrust (net thrust) shall be documented by

the manufacturer and verified by seatrials. In an early design

stage the net thrust capacity may be estimated by calculation.
Guidance note:

To determine the available trust capacity the propeller thrust at
bollard pull hasto be calculated first by using the following con-
version factor for nozzle propellers:

0.158 KN/KW.
For open propellers the following factor shall be used:
0.105 kN/kW.

This thrust has to be corrected by applying thrust reduction fac-
tors. These factors are depending on the following:

- propeller/thruster installation geometry and arrangement
- inflow velocity into the propeller
- propeller sense of rotation (ahead or reverse).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

102 Determination of reduction factors can be carried out
according to ISO/TR 13637 or APl RP 2SK. These standards
contain guidelines which apply to the following:

— open and nozzled propellersinstalled in the stern of aship-
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shaped unit i.e. conventional main propulsion arrange-
ment

— azimuthing or direction fixed nozzled thrusters installed
under the bottom of a hull

— tunnel thrustersinstalled in atransverse tunnel in the hull.

C. Method

C 100 Mean load reduction

101 This is a simplified approach where the thrusters are
assumed to counteract only the mean environmental actionsin
surge, sway and yaw direction. Available thrust from thrusters
shall be evaluated according to Table Al. The mean load
minus the thrust load together with the wave frequency and
low frequency motionswould betaken by the mooring system.

102 For spread mooring systems where the yaw moment has
insignificant effect on the mooring (column-stabilised units),
the force balance in the yaw direction can be neglected. In this
case the surge and sway components of the allowable thrust
can be subtracted from the mean surge and sway environmen-
tal loads.

103 For vessels equipped with asingle point mooring system
where the vessels heading is controlled by thrusters, the bal-
ance of yaw moment about the turret must be taken into con-
sideration. A procedure to determine the mean load reduction
is given in the guidance note below.

Guidance note:

1) Determine the mean environmental yaw moment as a func-
tion of the unit’s heading, typicaly in the range of -90° to
+90°, and locate the equilibrium heading at which the yaw
moment is zero.

2) Determine atarget heading, which isthe desired heading to
maintain based on operation requirements and the consider-
ation of minimising the unit’s loads and motions. For col-
linear environments, the target heading is normally 0° to the
environment. For non-collinear environments the target
heading could be the wave direction.

3) Searchfor the maximum yaw moment (M g) between the tar-
get and the equilibrium heading.

4) Determine the maximum yaw moment that can be generated
by the thrusters (M) under the damaged condition.

5) If My isless than Mg, thruster assist should be neglected,
and the mooring system should be analysed without thruster
assistance. If M isequal or greater than Mg go to step 6.

6) Determine the mean environmental loads in surge (Fy),
sway (Fy) and yaw (M) at the target heading plus or minus
an angle «, whichever ismore critical where o= 10° for col-
linear environment and 15° for non-collinear environment.

7) Determinethe surge (Tx) and sway (Ty) thrust components
from the thruster system that can be used to counteract the
environmental load. Ty and Ty can be determined as fol-
lows:

- Thrust from the whole system is the vector sum of the
thrust from each thruster.

- Output from each thruster shall satisfy the available
thrust according to the thruster control system.

- The moment generated by Ty and Ty shall balance M.

- The thrust generated by an individual thruster shall not
exceed the allowable thrust.

8) CombineTy and Ty with Fx and F to obtain reduced mean
surge and sway loads.

9) Perform analysis to obtain mooring system response under
reduced mean load.

---e-n-d---0f---G-u-i-d-a-n-c-e---n-o-t-e---

C 200 System dynamic analysis

201 A system dynamic analysisisnormally performed using
a three-axis (surge, sway and yaw) time domain simulator.
This simulator generates the mean offset and low frequency
vessel motions and thruster responses corresponding to spe-
cific environmental force during time records. In thisanalysis,
constant wind, current, mean wave drift forces and low fre-
quency wind and wave forces are included. Wave frequency
forces, which are not countered by the thruster system, can be
excluded in the simulation.

D. System Requirements

D100 Thruster systems

101 Thethruster configuration may consist of both fixed and
rotating thrusters. Variable pitch and variable speed can e.g.
control thrust output. The thruster configuration hasto be eval-
uated on the basis of the mooring system.

D 200 Power system

201 An automatic power management system shall be pro-
vided which will ensure adequate running generator capacity
relative to power demand, i.e. available power reserve.

202 The automatic power management system shall be able
to executeimmediate limitationsin power consumption to pre-
vent blackout due to overload caused by sudden shortage of
available power.

203 The capacity of the power system shall be evaluated on
the principle that a single failure in the power system shall be
considered equivalent to an anchor line failure. The limiting
requirementsfor tensions and motionsfor the type of operation
shall be applied.

204 Detailed requirements to power systems are given in the
Rules for Classification of Ships Pt.6 Ch.7 Sec.5.

205 If thedesign capacity is dependent on certain thrustersto
remain intact after failure asin 203, the power system shall be
designed with redundancy to ensure operation of these thrust-
ers.

Guidance note:

The following can be used as guidance:

The Rulesfor Classification of Ships Pt.6 Ch.7 shall be used as
reference.

NMD: Regulations of 4 September 1987 No. 857 concerning
anchoring/positioning systems on mobile offshore units and
Guideline No. 28 to the NMD regulations and Appendix B to
Guideline No. 28.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---
206 Thedefinition of design capacity isgivenin Sec.2 B102.

D 300 Control systems
301 Manua remote thrust control system shall include:

— manua control of each thruster
— remote thrust control, joystick system.

302 Automatic remote thrust control system shall include:

— manual control of each thruster
— automatic control of all thrusters.

303 A mode selector shall be arranged in the thruster assist-
ance control area to enable switching between remote thrust
control, or automatic control and manual control.

304 Detailed requirements for control systems are given in
the Rules for Classification of Ships Pt.6 Ch.7 Sec.3.
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D 400 Manual thruster control

401 Manual operation of each thruster, start, stop, azimuth
and pitch or speed controls shall be arranged. Displays shall be
provided for al information necessary for safe and practical
operation.

402 Individual stop (emergency stop) of each thruster shall
be possible from thruster assistance control area.

403 Thelocation of the thruster assistance control stand shall
be chosen with consideration of the operation. Units operating
at a safe distance from other stationary structures can have the
control stand in acontrol room with no direct view of theunit’'s
surroundings. Units operating in the vicinity of other struc-
tures, see Sec.2 D400 and D500 shall have acontrol stand from
where there is a good view of the unit’s surroundings.

404 The thruster assistance control stand shall be equipped
with displays for line tensions and line length measurements.

D 500 Remotethrust control, joystick system

501 Theremote thrust control system shall be located in the
control area together with the manua thruster controls and
with the same access to thruster and mooring displays.

502 Theremote thrust control system shall be ajoystick sys-
tem with integrated control of all thrusters. Automatic heading
control shall be included.

503 At least one gyrocompass shall be interfaced to the joy-
stick system.

D 600 Automatic thruster control

601 The automatic control mode shall include the following
main functions:

1) Automatic control for optimal use of availablethrustin co-
operation with the mooring system forces, and automatic
compensation of the effects of anchor line failure, thruster
failure and thruster power failure. Detailed requirements
aregivenin 700.

2) Monitoring of position and mooring line tension and
alarms for excursion limits. Detailed requirements are
given in 800.

3) Consequence analysis consisting of prediction of line ten-
sions and the unit’ s position in the event of a single anchor
linefailure or thruster failure under the prevailing environ-
mental conditions. Detailed requirementsare givenin 900.

4) Smulation of motions and anchor line tensions during
manoeuvres, changing of anchor patterns, effect of chang-
ing weather conditions, and failures in thrusters and
anchor lines. Detailed reguirements are given in 1000.

5) Logging of relevant parametersfor display or hard copy on
operator’s request. Detailed requirements are given in
1100.

6) Sdf-diagnostics with aarms for faults within the auto-
matic control system or in data received from interfaced
equipment. Detailed requirements are given in 1200.

7) Systemresponseto major failures. Informationisgivenin
E.

602 The automatic control system shall be powered from a
non-interruptible power source, UPS. The battery power
reserve in the UPS shall be sufficient for 15 minutes operation.

603 Redundant automatic thruster control is required when
the mooring analysis is based on thruster assistance to the
required design capacity in ALS.

D 700 Automatic control

701 Thethrustersautomatic control system shall be designed
to cover one or combination of the following functions:

— heading control
— counteracting the static environmental forces
— reducing the low frequency motions.

Turret moored units, which are not freely weather vaneing
have to be designed with an automatic heading control system.

702 When the thruster shall be controlled to produce thrust
to counteract the static environmental forces, the thrust shall be
proportionate to the magnitude of anchor linetension and posi-
tion offset. Thrusters can be deactivated when anchor line ten-
sion and position offset are within acceptable limits.

703 The thrusters shall be controlled to produce thrust to
compensate for the effect of anchor line failure if necessary.

704  Thethruster control system shall ableto reallocate thrust
when failure of athruster is detected, or the operator deselects
athruster.

705 When the power demand for use of thrusters exceeds
available power, the control system shall use the available
power in an optimal manner and introduce thrust limitationsto
avoid overloads and blackout situations. The method of thrust
limitation shall be quick enough to avoid blackout dueto a sud-
den overload caused by stop of one or more generators.

D800 Monitoring

801 Continuous monitoring shall be provided of all impor-
tant parameters, which at least shall include:

— position

— heading

— anchor linetension, see Sec.4 P
— available electrical power.

802 Deviations from the specified position and heading
shall be compared with at least two adjustable limits. An alarm
shall be released when passing both limits. When passing the
first limit, the alarm can be considered as a warning and shall
be distinguishable from the other alarms realised at a more
severe limit.

803 Anchor line tensions shall be monitored and compared
to both high and low limits.

804 Low anchor line tension alarms can be interpreted as an
anchor line failure if the anchor line tension measurement sys-
tem has self check facilities, and these have not detected a
measurement failure. Otherwise, the low tension alarm shall
not be interpreted as anchor line failure and used for thruster
control unless one more parameter e.g. position or heading
indicates anchor line failure.

805 Monitoring of position shall be based on position meas-
urements from at least one position reference system. If redun-
dancy is required at least two position reference systems are
required. Typical position reference systems are;

— hydro acoustic

— taut wire

— microwave (ARTEMIS. MINIRANGER)
— radio wave (SYLEDIS)

— riser angle sensors

— satellite (DGPS)

— gangway sensor.

806 The position being calculated from mooring system data
can be used to check the direct position measurement, and can
be used in the event of failure of the position reference sys-
tems.

807 The position measurements shall have an accuracy of
2% of the water depth, obtained either directly by one source
of reference, or by pooling the results of several.

808 The position reference systems shall be installed in a
location and in away, which is most suitable for itstype.
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809 The position measurements shall be transformed to rep-
resent the position of any critical point on the unit as deter-
mined by its application.

810 The automatic remote thrust control panel shall be
equipped with alarm display for thrusters, which can be
relayed from the thruster alarm panel or general alarm system.

811 There shall be darm displays for failure of external
devices interfaced to the automatic remote thrust control sys-
tem, e.g. gyrocompass, wind sensor and UPS.

812 All darms shall be acknowledged by the operator at the
automatic remote thrust control panel. For alarmsrelayed from
general alarm systems or other common source, the acknowl-
edgement shall have only local effect.

813 Further information is given in the Rules for Classifica-
tion of Ships Pt.6 Ch.7 Sec.3.

D900 Consequence analysis— Failure mode and effect
analysis (FMEA)

901 Concurrent with control and monitoring, there shall be
performed an analysis of the consegquences of certain defined
failures under prevailing operating conditions. The conse-
guences are defined as anchor line tensions and position devi-
ationsin excess of accepted limits.

902 Thefailuresto beconsidered shall includefailure of any
anchor line, failure of any single thruster, or stop of thrusters
which will occur in the event of the most serious failurein the
power system. If there is no redundancy in power supply or
control systems, the most serious event is blackout.

903 The consequence analysis shall check the consequence
criteriaagainst all defined faultsin sequence, and the repetition
rate shall not be less than once per 5 minutes.

904 All computed consequences shall release an alarm or a
warning. The consequence and reason shall be suitably iden-
tified. The warning or alarm shall be acknowledged.

905 The software or hardware used for preparing the conse-
guence analysis is exempted from the redundancy require-
ments for automatic control system, see 603.

906 If the consequence analysis function is carried out by
non-redundant equipment, failure of this shall cause alarm.

907 Further information is given in the Rules for Classifica-
tion of Ships Pt.6 Ch.7 Sec.1.

D 1000 Simulation

1001 The simulation function can be executed in an off-line
computer system with accessto processdata. If the control sys-
tem is used for simulation, the priority shall be next to control,
monitoring and consequence anaysis.

1002 The simulation facility can use the display system of
the control system, but shall not obstruct the presentation of
aarms.

1003 The simulation facility should at |east provide for:

— mooring conditions on input of proposed anchor pattern
and anchor line tensions

— effects of changing weather conditions

— anchor line tensions, low frequency motions, wave fre-
guency motions and final position caused by anchor line
failure. The effects shall be displayed in true time scale

— relevant functions both with and without thruster assist-
ance.

D 1100 Logging

1101 Automatic logging shall be carried out of important
parameters. Thiswill at least include all anchor lines’ tensions,
position and heading deviations, power consumption, thrust
resultant in magnitude and direction, wind speed and direction.

1102 The frequency of data recording shall be high enough
to give reasonable presentation of the unit’s behaviour.

1103 Thedata shall be presented in graphical form covering
at least one hour back in time.

D 1200 Self-monitoring

1201 There shall be automatic self-monitoring of automatic
control system, which shall detect computer stop, software
hang-ups, power failures, and false operation of interfaced
equipment as far as this can be determined from the central
system.

E. System Responseto Major Failures

E 100 Linefailure

101 For both manua and automatic thruster systems there
shall be no need to consider the use of thrusters to compensate
for linefailure at the time of failure or immediately after. Any
compensation should be the results of considering the new
mooring patterni.e. with one line missing, and making adjust-
ments to the required heading and position as appropriate.

102 Linefailure during offtake operations should be consid-
ered and the effect on the shuttle tanker shown to be without
Serious consequences.

E 200 Blackout prevention

201 In situations where thruster assist is not essentia a
blackout prevent system or a system whereby thrusters have
power priority is also not essential provided it can be shown
that the sudden loss of thrusters or control system cannot cause
an unmanageabl e problem. This includes times when a shuttle
tanker is engaged in loading.

202 Both systems to give thrusters priority for power and a
blackout prevention system shall be installed on units where
heading control is essential and where heading control and
mooring load reduction by thrusters are required.

E 300 Thruster to full power

301 Thruster faults should not result in unwanted power
being applied, or power applied in the wrong direction.

302 If thisfault is possible then the duration of the unwanted
thrust should be so short that it does not risk a heading excur-
sion larger than 15° or aline tension to increase greater than
accepted from the worst failure case. This means that these
faults shall be detected and alarmed so that the thruster can be
correctly stopped either by the operator or automatically.

E 400 Gyrocompassdrift

401 If the drift of one gyro compass can cause a change of
heading there shall be a method of fault detection and alarm
that enables the system and the operator to reject the gyro data
and restore the correct heading before an excursion of 15° is
reached. Alternatively there shall be adequate redundancy of
position references.

E 500 Position reference fault

501 If the drift or jump of one position reference or two ref-
erences of the same type can cause unnecessary thrust then the
detection and rejection of false data shall be fast enough to pre-
vent an increase in mooring line tensions greater than what will
occur from a single line failure. Alternatively there must be
adequate redundancy of position references.

E 600 Other major failures

601 The major faults described shall illustrate the principles
involved and are not an exhaustive list of major failure modes
that have to be considered by designers and operators.
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F. Thrusters

F 100 General

101 Thrusters shall comply with DNV-OS-D101 Marine
and Machinery System Equipment.
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SECTION 4
MOORING EQUIPMENT

A. General

A 100 Objective

101 Thissection contains requirements regarding equi pment
and installation for temporary and emergency mooring, posi-
tion mooring and towing.

A 200 Anchor types

201 Theanchorsare normally to be of fluke, plate, pile, suc-
tion or gravity type. Other anchor types can be accepted on a
case to case basis.

202 For mabile offshore units (drilling, accommodation etc.)
the anchors of embedment type shall be designed in such away
that additional anchors can be attached (piggyback).

B. Sructural Design and Materialsfor Anchors

B 100 Sructural strength

101 Thestructura strength of anchorsfor long term mooring
is to be designed for a design load equal to the characteristic
breaking strength of the anchor line. The nominal equivalent
linearised primary membrane and bending stress o, shall not
exceed 0,9 ¢ , e.g. local peak stresses may exceed yield ref.
DNV-0OS-C101 Sec.5 A400.

102 Alternatively the anchor may be design based on the
characteristic loads calculated according to Sec.2 and princi-
ples given in DNV-OS-C101 with a materia factor of 1.1.

103 Structura strength of fluke anchors for mobile mooring

e.g. drilling and accommodation units may be designed
according to Ch.3 Sec.2C.

B 200 Materialsfor flukeanchors

201 For fluke anchors and drag-in plate anchors the connec-
tion point to the anchor shackle is denoted the anchor head.

202 Anchor heads may be cast, forged or fabricated from
plate materials. Shank or shackles may be cast or forged.

203 Cast or forged material for anchor heads, shank, flukes
and shackles are to be manufactured and tested in accordance
with relevant requirements of DNV-0S-B101 Ch.2 Sec.4 Steel
Castings and Ch.2 Sec.3 Steel Forgings.

204 Plate material used for fabricated anchor heads and
flukes is to comply with relevant requirements of DNV-OS-
B101 Ch.2 Sec.1 Rolled Steel for Structural Applications.

The structural category shall be primary, see DNV-0S-C101
Sec.4 ‘ Structural categorisation, material selection and inspec-
tion principles'.

205 Fabrication and inspection of anchor heads, shanks and
flukes shall be in accordance with DNV-0OS-C401.

B 300 Design of anchor pad eye

301 For other types of anchors than fluke anchors and plate

anchors the connection point to the anchor shackle is denoted
the anchor pad eye.

302 The mooring connection is to be designed for a design
load equal the characteristic breaking strength of the anchor
line. The nominal equivalent linearised primary membrane and
bending stress o, in the pad eye and the supporting structure
is not to exceed 0,9 o5 , e.g. local stresses may exceed yield.
Ref. DNV-0S-C101 Sec.5 A400.

303 Alternatively the pad eye and the supporting structure
may be design based on the design loads cal culated according
to Sec.2 and principles given in DNV-0S-C101 with a mate-
ria factor of 1.1.

304 Installation tolerances are to be accounted for.

B 400 Anchor shackle

401 Thediameter of the shacklelegisnormally not to beless
than:

d 14D,

Dnom is the applied chain diameter with tensile strength equal
to the shackle material. For long term mooring the material of
the anchor shackle shall be according to the qualities given in
Table B1. For mobile mooring systems the tensile strength for
the shackle may differs from the chain material, and conse-
quently Do has to be corrected correspondingly, see guid-
ance note below.

Guidance note:

For shackle material with minimum tensile strength different
from that of the steel grades R3, R3S and R4, linear interpolation
between table values of Dy, Will normally be accepted, see
Table Bl and Table B2

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

402 Thediameter of the shacklepinisnormally not to beless
than the greater of:

d,=0.7-1,

Dhom is given in Ch.3 Sec.2 A100 unless the design is docu-
mented otherwise.

I, = freelength of pin. It is assumed that materials of the
sametensile strength are used in shackle body and pin.

For different materialsd,. will be specially considered.

p

403 Anchor shacklesto be applied in long term mooring sys-
tem shall be tested according to Ch.2 Sec.5 A200

404 Anchor shackles to be applied in mobile mooring sys-
tems can be tested according to Ch.3 Sec.2 C303
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TableB1 Mechanical properties of offshore mooring chain

Grade Minimum | Minimum | Minimum Min.
yield tensile elongation | reductionof
strength strength (%) area
(N/mm2) (N/mm2) (%)
NV R3 410 690 17 50
NV R3S 490 770 15 50
NV R4 580 860 12 50
Grade Minimum Charpy V-notch energy (J)
Temp.D Average Sngle
T
Base Weld | Base Weld
NV R3 0 60 50 45 38
-20 40 30 30 23
NV R3S 0 65 53 49 40
-20 45 33 34 25
NV R4 0 70 56 53 42
-20 50 36 38 27

1) Atthe option of the purchaser, and when chain segments are
intended to permanently submerged, testing my be carried out
at 0°C. Otherwise, testing to be carried out at -20°C

Table B2 Formulasfor proof and break test loads

Grade NV R3 (Chain linkswith studs)

Proof test load (kN) 0.0156-02(44-0.08-d)
Break test load (kN) 0.0223.d2(44-0.08-d)
Grade NV R3S (Chain linkswith studs)

Proof test load (kN) 0.0180-02(44-0.08-d)
Break test load (kN) 0.0249.d2(44-0.08-d)

Grade NV R4 (Chain linkswith studs)

Proof test load (kN) 0.0216-02(44-0.08-d)
Break test load (kN) 0.0274-d2(44-0.08-d)
Grade NV R3 (Studless chain links)

Proof test load (kN) 0.0156-02(44-0.08-d)
Break test load (kN) 0.0223.d2(44-0.08-d)

Grade NV R3S (Studless chain links)

Proof test load (kN) 0.0174-02(44-0.08-d)
Break test load (kN) 0.0249.d2(44-0.08-d)
Grade NV R4 (Studless chain links)

Proof test load (kN) 0.0192.02(44-0.08-d)
Break test load (kN) 0.0274-d2(44-0.08-d)

D d=Dygnisthe diameter in mm

B 500 Pile, gravity and suction anchors

501 The load bearing part of the anchors shall be primary
structural category, while the pad eye and the part of the struc-
ture distributing the load to the load bearing part shall be spe-
cial structural category, see DNV-OS-C101 Sec.4.

502 The materia shall be according to the requirements
givenin DNV-0S-B101, and fabrication and testing shall bein
accordance with DNV-OS-C401.

C. Fluke Anchors

C 100 General

Conventional fluke anchors are also known as drag embed-
ment anchors. A further development of this anchor typeisthe
so-called drag-in plate anchor, which is installed as a fluke
anchor, but functions as an embedded plate anchor in its oper-
ational mode. Plate anchors are treated in D.

Further information about design and installation of fluke
anchorsisfound in DNV-RP-E301.

C 200 Flukeanchor components
201 The main components of a fluke anchor (see Fig.1) are:

— the shank

— thefluke

— the shackle
— theforerunner.

‘ Gakef‘a“
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Figurel
Fluke anchor

202 The fluke angle is the angle arbitrarily defined by the
fluke plane and a line passing through the rear of the fluke and
the anchor shackle. It is important to have a clear definition
(although arbitrary) of how the fluke angle is being measured.

203 Normally thefluke angleisfixed within the range 30° to
50°, the lower angle used for sand and hard or tiff clay, the
higher for soft normally consolidated clays. Intermediate
angles may be more appropriate for certain soil conditions
(layered sails, e.g. stiff clay above softer clay). The advantage
of using the larger angle in soft normally consolidated clay is
that the anchor penetrates deeper, where the soil strength and
the normal component on the fluke is higher, giving an
increased resistance.

204 Theforerunner istheline segment attached to the anchor
shackle, which will embed together with the anchor during
installation. The anchor penetration path and the ultimate
depth or resistance of the anchor are significantly affected by
the type (wire or chain) and size of the forerunner, see Fig.1.

205 The inverse catenary of the anchor line is the curvature
of the embedded part of the anchor line between the anchor
padeye or shackle and the dip-down point at the seabed.

C 300 Definition of fluke anchor resistance

301 Thecharacteristic resistance of afluke anchor isthe sum
of the installation anchor resistance and the predicted post-
installation effects of consolidation and cyclic loading. To this
resistance in the dip-down point is added the possible seabed
friction up to the line touch-down point.

302 The design anchor resistance at the line touchdown
point, calculated according to the principlesin DNV-RP-E301,
shall be at least equal to the design line tension at the same
point, calculated according to the principles laid down in this
document.

303 The installation line tension applied shall account for
any differences between the seabed line friction (Iength on the
seabed) during installation and operation of the anchors. This
tension shall be maintained during the specified holding time,
normally 15 to 30 minutes.

C 400 Verification of fluke anchor resistance

401 Therequired resistance of fluke anchorsto be appliedin
long term mooring, shall be assessed and verified by theoreti-
cal calculations as described in DNV-RP-E301, which aso
provides the basis for assessment of the target installation line
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tension for the anchors. For assessment of applicable conse-
guence class reference is made to present document Sec.2
D400 and D500.

402 For mobile moorings such as drilling units with drilling
riser disconnected and accommodation unitsin standby condi-
tion, when the consequence of anchor dragging during extreme
environmental conditions is not critical, the anchor could be
verified by applying an installation line tension equal to the
maximum characteristic line tension, intact mooring. If the
specified installation line tension cannot be obtained, the
anchor should be verified by applying an installation line ten-
sion that previous experience with the same type of anchors at
the same location has proved sufficient.

403 For mobile moorings where the consequence of anchor
dragging during maximum characteristic environmental con-
dition is critical to adjacent installations, human life or the
environment, the anchor resistance shall be verified by apply-
ing amaooring test load of 1.25 times the maximum character-
istic linetension, intact mooring system.

404  Acceptance of an uplift angle of the mooring line in the
dip-down point can be given on a caseto case basis, see DNV-
RP-E301 for assessment of acceptable uplift angle.

405 The basisfor assessment of the long-term anchor resist-
ance and the requirement for installation line tension shall be
documented.

406 Maximum instalation line tensions:

a) Chain: proof loads, but maximum 80% of minimum
breaking load.

b) Seel wire rope: maximum 50% of minimum breaking
load.

c) Synthetic fibre ropes: maximum 50% of minimum break-
ing load.

407 Incertain casesit may be required to pre-set the anchors
to obtain the specified anchor resistance.

D. Plate Anchors

D 100 General

101 Plate anchors are anchors that are intended to resist the
applied loads by orienting the plate approximately normal to
the load after having been embedded. The embedment of the
plate anchor may be by dragging (like afluke anchor), by push-
ing, by driving or by use of suction.

102 For drag-in plate anchors a design and installation pro-
cedure has been developed, see DNV -RP-E302, which may be
adopted as a tentative guidance for design also of other types
of plate anchors. However, due consideration will have to be
given to the differences in installation method and how this
may affect the final pull-out resistance of the plate.

D 200 Drag-in plate anchors

201 Drag-in plate anchors are designed to take uplift or ver-
tical loadsin ataut mooring system. They are best described as
a further development of the fluke anchor concept, with the
added feature that the fluke (plate) after installation can be ori-
ented normal to the applied load.

202 Thistriggering of the anchor leadsto a significant (two-
fold or more) increase of the anchor resistance expressed by
the performance ratio, which gives the ratio between the pull-
out resistance and the installation resistance.

203 Thisprincipleisutilised asoin the development of other
plate anchor concepts.

204 According to the design procedure recommended by
DNV the anchor pullout resistance is split into a static compo-

nent and a cyclic component.

205 Thedesign anchor resistance, which is obtained by mul-
tiplying the characteristic value of the respective component
by a materia coefficient, shall be at least equal to the design
line tension at the dip-down point (seabed), as explained in
more detail in DNV-RP-E302.

D 300 Other typesof plate anchors

301 Results from instrumented tests in clay with different
push-in types of plate anchors indicate that the principles out-
lined in DNV RP-E302 for calculation of the pullout resistance
of drag-in plate anchors can be adopted also for other types of
plate anchors.

302 Inthe design of other types of plate anchors, like push-
in plate anchors, drive-in plate anchors and suction embedment
plate anchors, consideration shall be given to the special char-
acteristics of the respective anchor type, particularly how the
resistance of the platein its operational mode is affected by the
anchor installation.

303 In the assessment of the pullout resistance of plate
anchorsthe extent and quality of the soil investigation shall be
accounted for such that adequate conservatism isused in quan-
tification of the governing design parameters.

E. Anchor Piles

E 100 General

101 Anchor piles shall account for pile bending stresses as
well as ultimate lateral pile capacity. Pile embedment isalso to
be sufficient to develop the axial capacity to resist vertical
loads with an appropriate factor of safety. The design shall be
based on recognised codes and standards. Pile fatigue during
installation shall be considered as relevant.

102 Design criteria for foundation of anchor piles may be
taken according to DNV-0OS-C101 Sec.11.

Guidance note:

An analysis method capable of accounting for both aspects of
behaviour shall model the pile as a beam column on an inelastic
foundation. Theinelastic foundation can be modelled using a soil
resistance-deflection (p-y) curve, which is described for various
soilsin APl RP 2A.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

F. Suction Anchors

F100 General

101 The foundation of suction anchors shall be designed
according to relevant requirements given in DNV-0S-C101
Sec.11.

102 An important load case for suction anchors is buckling
during installation due to the difference between outside and
inside pressure. Design to be performed according to DNV-
0OS-C101.

G. Gravity Anchors

G 100 General

101 The foundation of gravity anchors shall be designed
according to relevant requirements given in DNV-0S-C101
Sec.11.

102 The capacity against uplift shall not be taken higher than
the submerged weight. However, for anchors supplied with
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skirts, the contribution from friction along the skirts may be
included.

103 In certain cases gravity anchors with skirts may be able
to resist cyclic uplift loads by the development of temporary
suction within their skirt compartments.

H. Mooring Chain and Accessories

H 100 General

101 Chain cablesfor bow anchors on ships shall not be used
by offshore units for position mooring.

102 Typical examples of stud chain links, studless chain
links and accessories are shown in Fig.2 and Fig.3, respec-
tively. Deviations in accordance with 1SO 1704 will normally
be accepted for position mooring of mobile offshore units,
which are changing location frequently, and when the mooring
lines are subject to regular onshore inspection.

103 Requirements concerning materials, manufacture, test-
ing, dimensions and tolerances, and other relevant require-
ments for anchor chain cables and accessories can e.g. be
found in Standard for Certification 2.6.

104 Typically connection elements such as kenter shackles,
D-shackles, C-links and swivels are shown in Fig.2 and Fig.3.
Kenter shackles ordinary D-shackles, C-links and pear links
are not permitted in long term mooring systems due to their
poor fatigue qualities. Fatigue life can not be calculated due to

lack of fatigue data for these connection elements, with excep-
tion of Kenter shackles. APl RP 2SK containsinformation suf-
ficient for estimation of fatigue life for kenter shackles.

105 Long term mooring systems designed before 1996 may
contain kenter shackles. These shackles shall be subject to reg-
ular inspection.

106 In mobile mooring systems, connection elements such
as pear links and C-links should not be used. Kenter shackles
are accepted.

107 Recommended connection elementsin long term moor-
ing systems are purpose made elements such as triplates, see
Fig.4 and LTM D-shackles. New types of connection links
may be accepted in long term mooring systems, provided their
fatigue life is documented by testing and/or analysis..

108 Swivelsare not permitted in long term mooring systems
if they are not qualified with respect to functionality, structural
strength and fatigue.

109 Twist of the chain links shall be avoided. Maximum
allowable angle between each link is 5 degrees.

H 200 Identification

201 Every length of chain cable shall be marked at each end
with a unique identifier traceable to appropriate certification.
Every shackle or purpose made connection element shall be
marked with a unique identifier traceable to appropriate certi-
fication.
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Standard studlesslink chain cable and accessories
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Triplates
|. Seel Wire Ropes

| 100 General

101 Steel wire rope sections can be of various constructions
as shown in Fig.5.

102 Mobhile offshore units normally use six strand wire
ropes, either as anchor line segments instead of chain or as
towing lines. Floating production units designed to stay at a
location for more than 5 years normally use steel wire ropes of
the spiral strand constructions due to better fatigue and corro-
sion performance, see Sec.2. Six strand wire rope can also be
used for long term maooring, provided the replacement of the
steel wire ropes are a part of the maintenance procedure.

|1 200 Manufacture

201 The strands of 6 strand wire ropes are normally to be
divided in groups as follows:

— 6 x 19 Group consists of 6 strands with minimum 16 and
maximum 27 wires in each strand

— 6 x 36 Group consists of 6 strands with minimum 27 and
maximum 49 wires in each strand.

) Six strand

) ITalf Tocked coil

) Full locked coil

Figure5
Constructions of steel wireropes

202 Fig.6 gives examples of 6 strand wire rope construc-
tions. Alternative types of wire ropeswill be specially consid-
ered on the basis of an eguivalent breaking load and the
suitability of the construction for the purpose intended.

203 The steel core shall be an independent wire rope. The
fibre core shall be manufactured from a synthetic fibre.

DET NORSKE VERITAS



Offshore Standard DNV-OS-E301, October 2004
Page 52 — Ch.2 Sec.4

Amended April 2007
see note on front cover

6x 19+ 1FC

Filler Seale

6x36 1 1FC
Warrington Seale

6 x 36 + IWRC
Warrington Seale

Correct
diameter

FC = Fibre core

.

[WRC = Independent wire
rope core

6x46 + IWRC
Warrington Seale

Figure6
Constructions of six strands steel wireropes

| 300 Stedl wirefor ropes

301 The wire used in the manufacture of the rope shall be
drawn from rods rolled from steel made by an electric or one
of the basic oxygen processes. Other processes may be used
where demonstrated as appropriate. It shall be of homogeneous
quality, consistent strength and free from visual defects likely
to impair the performance of the rope.

302 The minimum tensile strength of the wire is defined as
the tensile strength grade ordered. The tensile strength grade
should be maximum 1960 N/mm?2. The upper tensile strength
should not exceed the minimum tensile strength by more than
260 N/mm?

303 The wire shal be sacrificially coated or bright
(uncoated). In the case of galvanising, the wire shall comply
with the requirements of 1SO 2232 or equiva ent. Use of Zn-Al
alloys shall be evaluated in each case.

304 The following individual wire tests shall be performed
asrelevant:

— tensiletest

— €elongation test

— reverse bend test

— torsion test

— weight and adhesion of sacrificial coating.

305 For zinc coated round wires the tests shall be carried out
and shall comply with the requirements of 1SO 2232 or equiv-
aent.

306 If the above tests are performed on wires taken from an

aready manufactured wire rope, the testing shall follow the
requirements of 1SO 3178 or equivalent.

307 For shaped wiresand Zn-Al coated round wires arrange-
ments for tests and acceptance criteria shall comply with the
requirements of a recognised national or international stand-
ard.

308 Recognised standard is Standard for Certification 2.5.

309 Thefollowing material properties are to be specified for
the sheathing:

— manufacturer and manufacturing plan
— designation

— sheathing weight/thickness

— permeability

— UV resistance

— hydrolysis resistance

— resistance to chemicals.

| 400 Identification

401 Every length of wire rope shall be marked at each end
with aunique identifier traceable to appropriate certification.

J. Synthetic Fibre Ropes

J100 Genera

101 Synthetic fibre ropes used in taut leg or asinsertsin cat-
enary mooring system shall be certified according to recog-
nised standards, such as:

— Standard for Certification No. 2.13
— APl RP2SM.

J200 Material

201 The materials used in fibre ropes are the yarns supplied
form fibre makers. The rope core may also contain lubrication
and fillers, and other materials. Outer protective jackets may
be made from yarns or other material s such as plastic or rubber
sheet.

202 Synthetic fibres currently being considered for use in
mooring system are;

— Polyester (polyethylene terephthal ate)
— Aramid (aromatic polyamide)

— HMPE (high modulus polyethylene)
— Nylon (polyamide).

Other types of synthetic fibreswill also be accepted, provided
the fibre properties are considered in the design and the fibre
ropes quality is applicable for use in mooring systems.

J300 Loadbearingyarn, material

301 The load bearing yarn properties that are important in
order to determine the rope performance in mooring systems
are listed below. Information on these properties shall be
included in specification of the yarns to be used in the load
bearing parts of the rope:

— manufacturer and manufacturing plant

— yarndesignation

— yarnweight pr. unit length

— yarn breaking strength

— wet yarn-on-yarn abrasive resistance

— marinefinish

— hydrolysisresistance

— safelong-term temperature

— resistance to chemicals

— creep rupture load (reduction in strength with time under
load).
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302 The yarn manufacturer, manufacturing plant, and yarn
designation shall be identified. Yarn weight per unit length
shall be stated in tex (g/km), while the breaking strength shall
be stated in N.

303 The wet yarn-on-yarn abrasive resistance according to
Cordage Institute draft standard Cl 1505-98 shall be specified.

304 The type and amount of marine finish applied to the
yarn, and its solubility in water after a time corresponding to
the design life, shal be stated.

305 The effect of water at the pressure corresponding to
maximum water depth, and atime corresponding to the design
life, shall be documented.

306 The safelong-term temperature, i.e. the highest temper-
ature at which the yarn with marine finish is not affected by
temperature, shall be documented.

307 The effect of the chemicals listed as effluents from the
installation shall be documented.

308 The creep rupture load of the load bearing yarn is
defined as the load at which creep rupture occurs after atime
equal to the design life of the mooring and shall be docu-
mented.

J400 Sheathing material

401 The following material properties shall be specified for
the sheathing:

— manufacturer and manufacturing plan
— designation

— sheathing weight or thickness

— permeability

— UV resistance

— hydrolysis resistance

— resistance to chemicals.

402 Themanufacturer, manufacturing plant, and designation
shall be identified. The sheathing weight or thickness shall be
stated.

403 The permesbility of the sheathing with respect to water
and solids shall be stated.

404 Theeffect of UV light, of intensity corresponding to that
experienced during operation, and after a time corresponding
to the design life, shall be stated.

405 The effect of water at the pressure corresponding to
maximum water depth, and atime corresponding to the design
life, shall be stated.

406 The effect of the chemicals listed as effluents from the
installation shall be stated.

J500 Ropeconstructions

501 The fibre rope assembly is defined as the complete
assembly including terminations and fibre rope.

502 There are severa types of rope construction. Those
under active consideration for deep water moorings according
to/1/ are:

— “Wirerope constructions’” (WCR)
— pardlé strand
— pardlée yarns.

503 Braided constructions have also been investigated, but
are considered due to concern about their long-term fatigue
performance.

J600 Creeprupture

601 Polymer based fibre ropes are subject to creep, poten-
tially leading to creep rupture. Polyester and aramid ropes are
not subject to significant creep at loads normally experienced
in mooring applications.

602 HMPE yarns creep substantially, although the rate of
creep is very dependent on the particular HMPE yarn in ques-
tion. When using HM PE ropes for deepwater mooring the risk
of creep rupture should be evaluated in consultation with the
yarn supplier and rope maker, taking into account the expected
loading history, rope construction and other conditions.

J 700 Elongation and stiffness

701 Typica values of maximum (“Storm”), intermediate
(“Drift”) and minimum (* Post-Installation”) stiffness data for
deepwater fibre moorings, based on polyester, aramid and
HMPE fibreropes, aregivenin Table J1, which only givestyp-
ical values, actual values as determined by testing.

Table J1 Typical secant stiffnessvaluesin kN for parallel yarns,
parallel strand and wire rope construction. (Based on a 10000
kN breaking strength rope)

Rope

material Post Drift Sorm
Polyester | 1.00-10° |1.00-10° - 3.00-10° | 3.00-10° — 4.500-10°
Aramid 3.30-105 |3.30-10°-6.00-10° 6.00-10°
HMPE 3.50-105 |3.50-10° - 7.00-10° 7.00-10°

A stress-strain cuve for a polyester rope with a breaking load
of 13047 kN isgivenin Fig.7.

Stress Strain relationship

600000000

500000000 -

~_ 400000000 -

Stress N/m

200000000 -

100000000 + -2 —— —~

T
|
|
|
|
|
|
:
300000000 - |
|
|
|
|
|
|
I
|
|
|

0 T T T

0 0,01 0,02 0,03
Strain

0,04 0,05

Figure7
Stress- strain curve

J800 Hysteresisheating

801 High internal temperatures can develop in tension-ten-
sion fatigue cycling of ropes at high strain amplitudes. The
maximum temperature rise depends on diameter, internal pres-
sure, constructional type, sheath type and thickness, lubricant,
presence of water or fillers and many other factors. Studies
indicate that heating effects will be small in large polyester
ropes for strain amplitudes less than 0.25%.

802 Temperaturelimitsfor polyester, HMPE, nylon and ara-
mid fibres can be determined from the fibre producer or rope
manufacturer. The designer should consider alternate con-
structions and materialsif prototype testsindicate that equilib-
rium temperatures exceed the recommended val ues.

803 Additional lubricantsand fillers may also be used to pro-
vide heat transfer and reduce the formation of hotspots within
the rope provided they are compatible with the yarn finishes.

J900 Tension —tension fatigue

901 Fatigue test data for fibre ropes are quite limited, and
most of the available fatigue test data are for polyester ropes.
The fatigue curve shown in Sec.2 H200 is applicable for poly-
ester ropes.
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902 For other fibre ropes, such as aramid, HMPE, and nylon
ropes, fatigue test data are insufficient for developing fatigue
design curves. There are indications, however, that they also
have better fatigue resistance than steel wire ropes. In the
absence of better information, the fatigue cure for spiral strand
wire ropes may be applied. However, at least one fatigue qual-
ification test shall be carried out to demonstrate that the rope
has at least equivalent fatigue resistance represented by the
selected design curve.

J 1000 Axial compression fatigue

1001 Axia compression fatigue may occur when a rope
experiences an excessive humber of cycles at low tension and
cause failures. But with proper precautions both in design and
use of the rope, this axial compression problem is avoidable.

1002  Intaut moorings, the rope tension may fall to low val-
ues or even go slack at times, especially on leeward lines dur-
ing storms. Under these conditions, axial compression fatigue
may be a problem for some fibre ropes. Although axia com-
pression fatigue can also occur in sted, it is not generally a
concern in catenary moorings because the weight of the steel
components ensures that substantial tension is maintained at
all times.

1003 In order to prevent rope components from going into
axial compression, it is necessary to maintain a minimum ten-
sion on the rope. In the absence of test data, the guideline for
minimum tension whilein serviceisprovisionally set at 5% for
polyester ropes and 10% of minimum breaking strength for
higher modulus ropes (such as HMPEs and aramids) provided
that the ropes are not subject to significant twisting.

J 1100 Ingressof particles

1101 Strength lossin fibre ropes can be attributed to internal
abrasion due to water-borne particles such as sand. The fibre
rope assembly should not be used in areas of high content of
particles in the water unless protected by suitable jackets
which exclude particle penetration while alowing water
ingress.

1102 During deployment, fibre rope contact with the seabed
is undesirable. Where fibre ropes have been accidentally
dropped to the seabed, the ingress of foreign particles such as
sand will affect the rope’s yarn-on-yarn abrasion resistance
and hence will adversely affect the rope’ s fatigue life.

1103 A rope, which is dropped to the seabed, should not be
used unless it has been demonstrated through testing that the
rope jacket isimpermeable to damaging ingress of the silt and
other particles present on and near the seabed.

J 1200 Termination

1201 Three main types of end termination may be consid-
ered for fibre rope assemblies for mooring systems. These are
the socket and cone (“barrel and spike”), the conventional
socket (resin potted socket) and the spliced eye.

1202 Currently only the spliced eye has been qualified for
strength and resistance to hysteresis heating at sizes of fibre
ropes appropriate for deep water mooring system. However,
developing work regarding resin socket terminations for fibre
ropes istaking place and such a solution can be feasiblein the
near future.

J 1300 Materialsfor spliced eyetermination

1301 For spliced eye terminations, protective cloth will nor-
mally be required between the eye and the bush that fits
through the eye. Such cloth should provide low friction and
high wear resistance between the fibre rope and the bush.

1302 If athin cover of elastomeric material is used to protect
against chafing, then it shall be elastic such that the rope is not
constrained from stretching or bending. If athick cover of elas-
tomeric material is used to encapsulate the eye, it shall be

applied over atape or cloth which covers the eye and prevents
direct adherence to and penetration into the rope.

1303 Other methods for protecting the fibre rope termina-
tions from wear may be acceptable where considered on a case
by case basis.

1304 Spliced eye hardware. Spools and pins are required to
fitin the eye and should be made of steel. Spoolsand pins shall
be cast or forged, ref. M201.

1305 Other materials, such as polymers and fibre-reinforced
composites may be used if they have been proven satisfactory.

J 1400 Design verification of splice

1401 The rope manufacturer shall completely document all
splicing proceduresin the Manufacturing Specification for the
splice. Measures taken to prevent dlipping of the splice at min-
imum load shall be documented.

1402 Therope manufacturer or other parties carrying out the
splices of the fibre rope shall follow the same splicing proce-
dures when splicing the fibre ropes for rope assemblies to be
tested and for rope assemblies for delivery. The following
standards may be used as guidance:

— OCIMF Guidelinesfor the Purchasing and Testing of SPM
Hawsers, First Edition —2000.
— BS3226.

1403 The purchaser may specify the type and dimensions of
hardware and quality and strength of the materials used. If not,
the manufacturer shall propose the type and quality of hard-
ware, suitable for the intended service.

J 1500 Design verification of sockets

1501 If sockets or similar terminations are applied, free
bending at the outlet may reduce the fibre rope fatiguelife. To
avoid premature fatigue failure, abend-limiting device is often
incorporated at these locations. Such a device is designed to
smoothly transfer the loads from the socket to therope. To pre-
vent water ingressin the socket a sealing system may beincor-
porated in the device.

1502 Design and manufacturing of sockets shall be accord-
ing to M201.

1503 Thestrength of the socket and pin material shall exceed
the strength of the fibre rope assembly. The fatigue strength
shall be evaluated against the design life of the mooring sys-
tem. If atermination is chosen, which is not able to meet these
requirements, the reduced strength and fatigue life shal be
considered in the mooring system design. Requirements
regarding procedure and prototype testing are given in:

— DNV Standard for Certification 2.5

J 1600 Manufacturing of fibre rope assembly

1601 Prior to manufacturing a quality plan shall be estab-
lished by the manufacturer. The quality plan shall describe
activities to be performed, frequency and type of inspection or
tests, criteriato be met as well as give reference to applicable
controlling documents.

1602 The manufacturer shall establish a Manufacturing
Specification, describing how the rope is manufactured. The
specification shall give complete manufacturing instructions
for each step in the production process, including strand
replacement criteria.

1603 The rope manufacturer shall document the following
parameters for each lot of load bearing yarn used:

— manufacturer and manufacturing plant
— yarndesignation

— yarn weight per unit length

— breaking strength
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— marinefinish.

J 1700 Testing

1701 Number of test specimens and type of tests have to be
according to recognised standards such as:

— Standard for Certification 2.13
— API RP2SM.

1702 Synthetic fibre ropes are subject to creep, potentially
leading to creep rupture. Polyester and Aramid fibre ropes are
not subject to significant creep at loads normally experienced
in mooring applications. Only if ropes were seriously weak-
ened by fatigue would creep rupture become significant asthe
final mode of failure.

1703 HMPE yarns creep substantially although the amount
of creep is very dependent on the particular HMPE yarn in
question. When using HM PE ropesfor deep water mooring the
risk of creep rupture should be evaluated in connection with
certification together with yarn supplier and rope maker, tak-
ing into account the expected loading history and rope con-
struction.

1704 Testing requirements are given in Sec.5.

K. Windlasses, Winches and Chain Stoppers

K 100 General
101 Thewindlass or winch shall normally have:

— onecablelifter or drum for each anchor

— coupling for release of each cable lifter or drum from the
driving shaft

— dtatic brakes for each cable lifter or drum

— dynamic braking device

— quick release system

— hydraulic or electrical motors.

K 200 Windlasses

201 The anchors are normally to be operated by a specially
designed windlass.

202 Thewindlass shall have one cable lifter for each stowed
anchor. The cablelifter isnormally to be connected to the driv-
ing shaft by release coupling and provided with brake. The
number of pockets in the cable lifter shall not be less than 5.
The pockets, including the groove width etc., shall be designed
for the joining shackles with due attention to dimensional tol-
erances.

203 For each chain cablethereisnormally to be achain stop-
per device, see 214.

204 Electrically driven windlasses shall have atorque-limit-
ing device. Electric motors shall comply with the requirements
of DNV-0S-D201.

205 Thewindlasswith prime mover shall be able to exert the
pull specified by Table K1 directly on the cablelifter. For dou-
ble windlasses the requirements apply to one side at atime.

Table K1 Lifting power
- Grade of chain
L fi
ifting force and speed ) RAS Ra
Normal lifting force 2 2 2
for 30 minutesin N 46.6 Dnom “ | 52.8 Dom © | 49:5 Dnom
Mean hoisting speed > 9 m/minute
for windlass
dedicated to
emergency mooring
Maximum lift force for 1.5% normal
2 minues . lifting force
(no speed requirement)
Dpom = the diameter of chain (mm).

206 The hoisting speed for windlasses applied for position
mooring to be decided based on the operational aspects.

207 Attention shall be paid to stress concentrations in key-
ways and other stressraisers and also to dynamic effectsdueto
sudden starting or stopping of the prime mover or anchor
chain.

208 The capacity of thewindlass brake shall be sufficient for
safe stopping of anchor and chain cable when paying out.

209 The windlass with brakes engaged and release coupling
disengaged shall be ableto withstand astatic pull of 65% of the
chain cable minimum breaking strength, without any perma
nent deformation of the stressed parts and without brake slip.

210 If achain stopper is not fitted, the windlass shall be able
to withstand a static pull equal to the minimum breaking
strength of the chain cable, without any permanent deforma-
tion of the stressed parts and without brake dlip.

211 Cadculations indicating compliance with the lifting
power requirements in 205 and requirements for windlass
brake capacity may be dispensed with when complete shop test
verification is carried out.

212 Thechain stoppers and their attachments shall be ableto
withstand the minimum breaking strength of the chain cable,
without any permanent deformation of the stressed parts. The
chain stoppers shall be so designed that additional bending of
theindividual link does not occur and the links are evenly sup-
ported.

K 300 Winches

301 When steel wireropesareused asmooring lineswinches
areto beinstalled.

302 Asfar as practicable and suitable for the arrangement,
drums are to be designed with alength sufficient to reel up the
ropein not morethan 7 layers. If the number of layers exceeds
7, special considerations and approval is required.

The ratio between winch drum diameter and wire diameter is
normally to be in accordance with the recommendations of the
wire manufacturer. However, the ratio should as a minimum
satisfy the following requirement:

9516

w

dy
dy

303 When all rope is reeled on the drum, the distance
between top layer of the wire rope and the outer edge of the
drum flange isto be at least 1.5 times the diameter of the wire
rope. Except in the cases where wire rope guards are fitted to
prevent overspilling of the wire.

winch drum diameter
nominal wire diameter
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Guidance note:

It is advised that the drums have grooves to accept the rope.
Where a grooved rope drum is used the drum diameter is to be
measured to the bottom of the rope groove. To avoid climbing of
the rope on the grooves the fleet angle is not to exceed 4°.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

304 The strength of the drums is to be calculated, with the
maximum rope tension acting in the most unfavourable posi-
tion. The effects of support forces, overall bending, shear, tor-
sion aswell as hoop stresses in the barrel are to be considered.

305 The drum barrel is to be designed to withstand the sur-
face pressure acting on it due to maximum number of wind-
ings, the rope is assumed to be spooled under maximum
uniform rope tension.

K 400 Materials

401 Windlass and winch components shall be made from
materials as stated in Table K2.

Table K2 Material requirementsfor windlasses and winches

Item Material requirements
. Cast stedl
Cable lifter and paw! wheel Nodular castiron )
Cable lifter shaft Forged or rolled steel
Driving shaft Forged or rolled steel
Forged or rolled stedl
Gear wheels Cast stedl
Nodular cast iron
Forged steel
Couplings Cast stedl
Nodular cast iron
Cast stedl
Wire drum, drum flanges Rolled steel
Nodular cast iron
Drum shaft Forged or rolled steel
Stopper, pawl stopper with | Forged or rolled stedl
shafts Cast stedl
Forged or rolled steel
Brake components Cast stee!

1) To beconsidered in each case.

402 Windlasses, winches and chain stoppers may be cast
components or fabricated from plate materials. The material in
the cast components shall be cast steel or nodular cast iron with
elongation not less than 14%, and otherwise with material
properties according to DNV-OS-B101 Ch.2 Sec.4. Plate
material in welded parts shall be of the grade as given in Table
K3. The hardness of the materia in the pockets of the cable
lifter shall be less than the hardness of the chain.

Table K 3 Plate material grades V)

Thickness Normal strength struc- | High strength structural
(mm) tural steel (NS) steel (HS

t<20 A AH
20<t<25 B AH
25<t<40 D DH
40<t<502 E EH

1) Steel of improved weldability, see DNV-OS-B101, may also be used

2) Larger thickness than 50 mm may be accepted upon special considera-
tion

403 Drums are either to be fabricated from steel plates or to
be cast. Ferritic nodular cast iron with minimum elongation
(A5) 14% may be accepted. By special consideration alower
elongation may be acceptable. Impact testing of ferritic nodu-
lar cast iron will be waived for this application.

404 Components fabricated from plate material shall be
manufactured in accordance with DNV -OS-C401. The compo-

nents are categorised as primary structures according to DNV -
0S-C101 Sec.4, while supporting structureis special structural
category.

K 500 Capacity and system requirements applicable for
windlasses and winches used in position mooring

501 The lifting force of the windlass or winch in stalling
shall not be less than 40% of the minimum breaking strength
of therelevant anchor line. Thewindlass or winch shall be able
to maintain the stalling condition until the brakes are activated.

502 For windlasses or winches not fitted with stoppers, the
braking system shall be separated into two independent sys-
tems, each able to hold a minimum static load corresponding
to 50% of the minimum breaking strength of the anchor line.
The brakes shall work directly on the wildcat or drum or wild-
cat or drum shaft.

503 For windlasses or winches not fitted with stoppers the
brakes when engaged, shall not be affected by failure in the
normal power supply. In event of failure in the power supply,
aremainder braking force of minimum 50% of the windlass's
or winch’s braking force shall be instantly and automatically
engaged. Means are also to be provided for regaining maxi-
mum braking capacity in event of power failure.

504 Windlasses or winches fitted with a stopper device, the
capacity of the stopper device shall not be less than the mini-
mum breaking strength of the anchor line. The windlasses or
winches are aso to be fitted with an independent brake, with
static braking capacity of minimum 50% of the breaking
strength of the anchor line. For winches the middle layer shall
be used as reference.

505 The windlasses or winches are in addition to the static
brakes also to be fitted with a dynamic brake. The characteris-
tics of speed or load to which the dynamic brake system can be
exposed during setting of the anchor without damaging over-
heating occurring, shall be documented and included in the
operation manual. These characteristics are also to be reported
to the relevant verifying authority and shall be clearly docu-
mented, e.g. in the Appendix to the classification certificate.

506 For preinstalled passive mooring system applicable for
long term mooring, stalling capacity less than 40% of mooring
line minimum breaking strength shall be considered on a case
to case basis. Deviation with respect to the braking capacity
and hoisting speed are acceptable, provided acceptance from
the national authoritiesin question.

507 It shall be possible to carry out a controlled lowering of
the anchor lines in case of an emergency. Individualy or in
convenient groups it shall be possible to release the brakes or
stoppers from a well-protected area by the winch itself, and
from amanned control room or bridge. During the emergency
release it shall be possible to apply the brakes once in order to
halt the lowering and thereafter releasing them again. No sin-
gle error, including operator’s error, shall lead to release of
more than one anchor line.

508 A manually operated back-up system for emergency
lowering of the anchor line shall be provided in the vicinity of
the winch or stopper.

509 If ariser disconnect systemisfitted thenitisnot possible
to release the anchor lines while risers are connected to the
unit. A special safety system preventing this shall be provided.
Emergency release is nevertheless to be possible with risers
connected after amanual cancellation of the above system.

510 It shall be possible to carry out a controlled lowering of
the anchor lines in case of an emergency. The lowering shall
be carried out individually or in convenient groups.

511 It shall be possibleto release the brakes or stoppersfrom
a protected area close to the winch itself, and from a manned
control room or bridge. During the emergency release it shall
be possible to apply the brakes once in order to halt the lower-
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ing and thereafter releasing them again.

512 No single error, including operator’s error, shal lead to
release of more than one anchor line.

513 Anaudibleaarm system shall befitted by each windlass
or winch in order to warn that remote operation of the wind-
lasses or winches shall take place.

514 At locations where remote operation of the windlasses
or winches can be carried out, signboard shall state that the
alarm system shall be engaged prior to remote operation of the
windlasses or winches.

515 For long term mooring with preinstalled passive moor-
ing systems, deviations from the standard can be acceptable,
provided acceptance from the national authoritiesin question.

K 600 Soppers
601 The chain stoppers may be of two different types:

a) A stopper device fitted on the cable lifter or drum shaft
preventing the cablelifter or drumto rotate (paw! stopper).

b) A stopper preventing the anchor line to run out by direct
contact between the stopper and the anchor line.

Thelatter type shall be of such design that the anchor lineis not
damaged at a load equivalent to the minimum breaking
strength of the anchor line.

602 The materia requirements are given in 400.

K 700 Srength and design load

701 For the structural part of windlass or winch and stopper,
the strength requirements are given in Table K4.

TableK 4 Design load and strength requirementsfor winches or
windlasses

Case . Maximum equivalent stress,
Load |“nn2nchor o, to be the smaller of the

following values

Stopper engaged S, 0.73 o, 0r 0.9 o4

bs in the stopper
Brakes engaged 0.5
9ag for oS, 0.73 o, 0r 0.9 o
Pulling 0.4 Syps 0.5 opor 0.6 o¢

O = A/G§+ 0'2—0'1~ oyt 32’2
Where o4 and o» are normal stresses perpendicular to each other,
and risthe shear stress in the plane of o7 and o.
o is the specified minimum upper yield stress of the material.

o is the specified minimum tensile strength of the material.

Shbs IS the minimum breaking strength of the anchor line.

702 Chain stoppers and their supporting on offshore loading
buoys (CALM) may be designed according to K701 and DNV -
RP-C103 Ch.2, or DNV-OS-C101 using the LRFD method.

K 800 Other type of winches
801 There are other types of winches available such as:

— chainjack
— linear winch
— traction winch.

802 These winches shall be designed according to require-
ments for windlasses and winches as far as applicable. Other
design codes can be accepted.

L. Fairleads

L 100 General design
101 Fairleads are normally of roller type.

102 Normally the chain cable shall be directly conveyed
from the lower fairlead to the cable lifter, without interruption
of an upper fairlead. An upper fairlead may be accepted only
upon specia consideration, taking into account the fairlead
diameter, number of fairlead pockets and the distance between
fairlead and cable lifter.

103 The lower fairlead is normally to be provided with a
swivel arrangement. For a chain cable fairlead on mobile off-
shore units the number of pockets is normally not to be less
than 5. The pockets shall be designed for the joining shackles
with due attention to dimensional tolerances.

104 Sharp edges at interface structures with anchor chain or
steel wire rope to be avoided.

105 Increasing number of pockets in fairleads above 5 will
lead to lower stress and reduced wear. For units designed to
stay at the same location for more than 5 years, it is recom-
mended to have 9 pocketsin the lower fairlead at |east not less
than 7 pockets. Other constructions provided with similar or
better supporting for chain cable may be accepted.

106 For asted cable fairlead the ratio between pitch diame-
ter of fairlead wheel and nominal wire rope diameter shall not
belessthan 16. Thisappliesto all sheavesincluding combined
wire rope or chain arrangement of a mooring system. The
groove in fairlead wheel is normally to satisfy the relations as
indicated in Fig.8.

107 Fairleadsfor combined chain or wire anchor line will be
considered in each case.

120° < y < 150°
1,35 dy < hg < 175 d,,
rg = 0525 d,,

d.,

I I S a .
vy = arc of support. \d/ Lh,
hg = depth of fairlead groove. ‘\,‘_/
rg = radius of fairlead groove.

d, = nominal wire diameter. [y |- — | p
P = pitch diameter. .
.,
P > 16 /r<\
T ]
A VN
Figure8

Fairlead for steel wirerope, diameter or groove

L 200 Materials

201 Generdly the material in the fairlead wheel shall be of
cast steel according to DNV-0OS-B101 Ch.2 Sec.4. The hard-
ness of the material is normally to be compatible but not
exceeding that of the chain or wire rope.

202 Theselection of material gradesfor platesin thefairlead
housing shall be based on the plate thickness and the design
temperature according to DNV-OS-C101 Sec.4. The parts,
which shall be welded to the column structure, shall be consid-
ered as specia structure. Manufacturing shall be in accordance
with DNV-OS-C401.

203 If the fairleads are not exposed to air in operation and
survival conditions, a design temperature of 0° may be
accepted on a case by case basis.

204 The materia in the fairlead shafts is normally to be of
forged or rolled steel, see DNV-OS-B101 Ch.2 Sec.3 or Sec.1.
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Highly stressed elements of the fairleads and their supporting
structure are special structural category, see DNV-0S-C101
Sec.4. The other parts of thefairleads and supporting structures
are categorised as primary.

L 300 Srength and design load

301 Inthe structural part of the fairlead the nominal equiva-
lent stress o is normally not to exceed 0.9 o when subjected
to aload equal to the breaking strength of the anchor line. The
strength analysis shall be made for the most unfavourable
direction of the anchor line. The horizontal design working
range (DWR) and the vertical design inlet angle (DIA) nor-
mally to be considered in the strength analysis are shown in
Fig.9.

DWR «° = Operational working range + 20°

Figure9
Horizontal DWR and vertical DIA

302 The skew load caused by bearing friction shall be
included in the structural strength assessment.

303 The characteristic fatigue damage in fairlead and fair-
lead attachment shall be carried out if the unit is designed to
stay at alocation for 5 years or more. Load spectrum devel oped
in accordance with Sec.2 F300 shall be applied. Stress concen-
tration factorsand S-N curves can be found in DNV-RP-C203.

304 Fairlead support shall be calculated according to DNV-
0S-C103.

M. Seel Wire Rope End Attachment

M 100 Sructural strength

101 Thestrength of end connections and connecting linksfor
combined chain or wire rope systems shall be at least that of
the strength of the anchor line.

102 Wire rope end attachments of the open or closed socket
type are normally to be used, see Fig.10 and Fig.11. Other end
attachment types will be considered in each separate case.

Figure 10
Open socket

Figure 11
Closed socket

103 Fastening of the end attachments on the wire rope shall
be carried out in accordance with the requirements of a recog-
nised national or international standard and by personnel qual-
ified by the manufacturer.

104 Design verification of sockets shall be in accordance
with recognised standards:

— DNV Standard for Certification 2.5

105 The yield strength of the socket and pin material shall
exceed the strength of the fibre rope assembly. The fatigue
strength shall be evaluated against the design life of the moor-
ing system. If atermination is chosen, which isnot ableto meet
these requirements, the reduced strength and fatigue life shall
be considered in the mooring system design. Requirements
regarding procedure and prototype testing are given in:

— DNV Standard for Certification 2.5

M 200 Material and manufacture

201 The sockets shall be made from cast stedl, forged steel
and steel plates. The sockets shall be designed and manufac-
tured according to Standard for Certification 2.5 with the fol-
lowing materia requirements:

— Minimum 40 J Charpy V notch energy at -20°C
— Minimum 12% elongation

M 300 Fatigue

301 Thefatiguelife of sockets manufactured for usein long
term mooring system shall be documented according to DNV -
RP-C203.

N. Sructural Arrangement for
Mooring Equipment

N 100 General

101 The anchors shall be effectively stowed and secured in
transit to prevent movement of anchor and chain due to wave
action. The arrangements shall provide an easy lead of the
chain cable or wire rope from the windlass or winch to the
anchors. Upon release of the brake, the anchor isimmediately
to start falling by its own weight.

102 If anchors are supported directly by the shell, the shell
plating in way of the anchor stowage shall be increased in
thickness and the framing reinforced as necessary to ensure an
effective supporting of the anchor.

103 Anchors bolsters shall be efficiently supported to the
main structure. However, if the anchor bolsters are damaged or
torn off, the main structure shall not be significantly damaged.

104 Thechainlocker shall have adequate capacity and asuit-
able form to provide a proper stowage of the chain cable, and
an easy direct lead for the cable into the chain pipes, when the
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cable is fully stowed. The chain locker boundaries and access
openings shall be watertight. Provisions shall be made to min-
imise the probability of chain locker being flooded in bad
weather. Drainage facilities of the chain locker shall be
adopted.

105 Under normal operation of the mooring line provisions
shall be made for securing the inboard end. The arrangement
shall be such that the mooring line can be easily disconnected
in case of emergency. A weak link can be arranged at the
inboard end to secure disconnection in case of emergency.

106 Mooring systems with al-wire rope or chain or wire
rope anchor lines shall have provisions for securing the
inboard ends of the wire rope to the storage drum. This attach-
ment shall be designed in such away that when including the
frictional force being applied through the turns of rope always
to remain on the drum it is able to withstand aforce of not less
than the minimum wire rope breaking strength.

107 The fastening of the wire rope to the storage drum shall
be made in such a way that in case of emergency when the
anchor and chain or wire rope have to be sacrificed, the wire
rope can be readily made to dip from an accessible position.
The storage drum shall have adequate capacity to provide a
proper stowage of the wire rope.

108 Fairleads fitted between windlass or winch and anchor
shall be of theroller type.

109 The windlass or winch, chain stopper and fairlead shall
be efficiently supported to the main structure. The nominal
equivalent stress, o ¢ in the supporting structures is normally
not to exceed 0.8 o ; when subjected to a load equal to the
breaking strength of the unit's anchor line. The strength analy-
sis shall be made for the most unfavourable direction of the
anchor line, i.e. angle of attack to structure. Detailed informa-
tion regarding design of supporting structureis given in DNV-
RP-C103.

O. Arrangement and Devices for Towing

O 100 Genera

101 Theunit shall have apermanent arrangement for towing.
Bridle(s) and/or pennant(s) for towing shall have clear way
from the fastening devices to the fairlead. For column-stabi-
lised units a bridle shall normally be used.

102 Normally the towing arrangement shall be designed for
use of asingle tug of sufficient capacity. If the size of the unit
necessitates the use of two or more tugs pulling in the same
direction, this can be allowed for in the design as specified in
303.

103 Thereshall bearrangementsfor hang-off and retrieval of
the unit's towing bridle(s) and towing pennant(s).

104 In addition to the permanent towing arrangement, there
shall be a possibility of using an emergency arrangement of
equivalent strength. Application of the unit's mooring arrange-
ment may be considered for this purpose.

105 The design load for the towing arrangement shall be
clearly stated, e.g. for classed units, in the Appendix to the
classification certificate.

0200 Material

201 Plate materials in towline fastening devices and their
supporting structures shall be as givenin Table K3.

202 The termination of towing bridle(s) and/or pennant(s)
where connected to the unit should be chain cable of sufficient
length to ensure that steel wire rope segments of the towing
arrangement will not be subject to chafing against the unit for
towline pull sector between 90° port and 90°starboard. Alter-
natively the full length of bridle(s) and pennant(s) can be chain

cable.

203 Chain cables and shackles to be used in the towing
arrangement shall be in accordance with the requirements
giveninH.

204 Towing bridles and pennants of steel wire rope shall be
in accordance with the requirements givenin H and I.

205 All eyesin towing arrangement connections shall be fit-
ted with hard thimbles or spelter socketsin accordancewith M.

0O 300 Srength analysis

301 The design load for the towing arrangement shall be
based on theforce, Fy, required for towing the unit when float-
inginitsnormal transit condition. For the purpose of determin-
ing therequired towing force, thrust provided by the unit'sown
propulsion machinery should normally not be taken into
account. The unit under tow shall be able to maintain position
against a specified sea state, wind and current velocity acting
simultaneously, without the static force in the towing arrange-
ment exceeding its towing design load.

302 Asaminimum thefollowing weather conditions shall be
used for calculation of environmental drift forces, Fy, for
world-wide towing:

— sustained wind velocity: Uy i 10 = 20 m/s (10 m above
sealevel)

— current velocity: Ve =1 m/s

— significant wave height: Hg=5m

— zero up-crossing wave period in second: 6 < T, < 9.

Guidance note:

Environmental forces may be calculated according to Classifica-
tion Note 30.5.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

303 The towing design load, Fp, to be used in the strength
anaysis for each towing bridle or pennant is a function of the
required towing force and the number of tugs comprised in the
design and given by:

Fp = fowFr (kN)
frow = Designload factor
= 10, if NTUG =1
= 1‘5/NTUG y if NTUG >1
Nty = number of tugs comprised in the design of the tow-

ing arrangement.
Guidance note:

It isadvised that the towing design load for each towing bridle or
pennant not to be taken less than 1000 kN and that the towing
arrangement is designed for use of asingle tug.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

304 The minimum bresking strength, S5 Of the unit's tow-
ing bridle(s) and/or towing pennant(s), shall not be less than 3
times the towing design load, Fp.

305 The nominal equivalent stress, o ¢ in the flounder plate
isnormally not to exceed o+ when subjected to aload equal to
the breaking strength of the unit's towline, S, The strength
analysis shall be made for the most unfavourable direction of
the towline.

306 Towing fastening devices, including fairleads, and their
supporting structures shall be designed for aload equal to the
minimum breaking strength of the unit's towing bridle and/or
towing pennants, Spy,s. Strength analyses shall be made for the
most unfavourable direction of the towline pull, i.e. angle of
attack to device or structure. The nominal equivalent stress, o
o in the towing devices and their supporting structures shall
not exceed 0.9 o and 0.8 oy, respectively.
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P. Tension M easuri ng Equi pment Other mooring system such as submerged turret systems (buoys
docked in aconein aship’s hull) tension measuring can be car-

ried out by calculations. This requires that the position of the

P100 Generad . e
o . . anchors and anchor linelengths are known within acceptable tol-
101 Normally tensioning measuring equipment shall be erances, and the unit’s position is known and continuously mon-
installed. itored.
Guidance note; ---e-n-d---0f ---G-u-i-d-a-n-c-e---n-o-t-e---

For special applications e.g. loading buoys this can be replaced . . . .
by angle measurements during installation to verify the preten- 102 For tension measurement equi pment the instrumentation

sion, when continuous monitoring of anchor line tensionsisnot ~ shall comply with relevant standards such as DNV-0S-D202
required. in addition to requirementsin Sec.3 D800.
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SECTION 5
TESTS

A. Testing of Mooring Chain and
Accessories

A 100 Genera

101 All chain shal be certified according to a recognised
standard. Further, all chain shall be subject to proof load tests,
break |oad test and mechanical tests.

102 The tests specified below shall be carried out, but devi-
ation from the requirements given below can be accepted if the
deviations are according to the standard used for certification.

A 200 Proof and break load tests

201 The entire length of the chain shall withstand the proof
load without fracture and shall not crack in the flash weld.
Proof loads to be used for stud and studless chain are given in
Sec.4 Table B2.

Theseloadsarevalid for chain produced according to Standard
for Certification 2.6

202 During the manufacturing process sufficient links shall
be produced to provide the required test samples and mechan-
ical test samples. These test links shall be suitably identified
and attached evenly at both ends of the production chain to be
heat-treated. A break test sample consists normally of three
links.

A 300 Dimensionsand dimension tolerance

301 The shape and proportion of links and accessories shall
confirmto |SO 1704 or the design specially approved. Thetol-
erances shall be according to requirements given in Standard
for Certification 2.6.

A 400 Mechanical tests

401 Mechanical test shall be carried out according to
requirements in Standard for Certification 2.6.

402 Mechanical properties shall be in accordance with the
Standard for Certification 2.6.

B. Test of Seel Wire Ropes

B 100 Testsof finished wireropes

101 Every length of wire rope shall be subjected to a break-
ing load test.

102 The breaking load shall be determined by testing to
destruction a sample cut from the finished wire rope. The test
length shall be taken as at least 30 times the rope diameter
between the grips. The actual breaking load shall not be less
than given in Table B2 for the rope constructions shown in
Sec.4 Fig.6 and for the dimension concerned. For other wire
rope constructions and/or diameters the breaking load shall be
in accordance with the requirements of a recognised national
or international standard such as Standard for Certification 2.5.

103 If facilities are not available for pulling the complete
section of six strands ropes to destruction, the breaking load
may be determined by testing separately 10% of all wiresfrom
each strand. The breaking load of the rope is then considered
to be:

Smbs = f tky (kN)

average breaking load of one wire (kN)
total number of wires

f
t

kq lay factor as given in Table B1.
Table B1 Lay factor Kk
Rope construction . ;
group Rope with FC Rope with IWRC
6 x19 0.86 0.80
6 x36 0.84 0.78
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Table B2 Test loads and masses for six strand steel wireropes

Rope with fibre core (FC)

Construction groups Nominal diameter (mm) Minimum required breaking strength in kN Apngg}rlrggemr?ass
1570 N/mm2 1770 N/mm2
24 299 337 214
26 351 396 251
6x19 group 28 407 459 201
30 468 527 334
32 530 598 380
36 671 757 480
40 829 934 593
6 x 19 group and 44 1000 1130 718
6 x 36 group 48 1190 1350 854
52 1400 1580 1000
56 1620 1830 1160
60 1860 2100 1330
Rope with independent wire-rope core (IWRC)
. . . Minimum required breaking strength (kN) Approximate mass
Construction groups Nominal diameter (mm) 1570 N/mm2 1770 Nlmm2 (kg/100 m)
24 323 364 241
26 379 428 283
6x19 group 28 440 496 328
30 505 569 376
32 573 646 428
36 725 817 542
40 895 1010 669
44 1080 1220 810
6 x 19 group and 48 1290 1450 964
6 x 36 group 52 1510 1710 1130
56 1750 1980 1310
60 2010 2270 1510
64 2290 2580 1710
68 2590 2920 1930
72 2900 3270 2170
76 3230 3640 2420
80 3580 4040 2680
84 3950 4450 2950
88 4330 4880 3240
92 4730 5340 3540
96 5160 5810 3850
6 x 36 group 100 5590 6310 4180
104 6 050 6820 4520
108 6520 7 360 4880
112 7020 7910 5250
116 7530 8490 5630
120 8 060 9080 6020
124 8 600 9700 6430
128 9170 10 330 6 850

C. Test of Windlass and Winch and Chain
Soppers

C 100 Testsof windlassand winch

101 Before assembly the following parts shall be pressure
tested:

— housings with covers for hydraulic motors and pumps
— hydraulic pipes

— valves and fittings

— pressure vessels.

Thetests shall be carried out in accordance with relevant parts
of DNV-0S-D101.

102 After completion, at least one windlass or winch of a
delivery to one unit shall be shop tested with respect to
required lifting capacity and static or dynamic braking capac-
ity.

103 After installation onboard, functional tests of the wind-
lasses/winches are to carried out. The tests are to demonstrate
that the windlass with brakes etc. functions satisfactorily. For
windlasses dedicated for emergency mooring the mean speed
on the chain cable when hoisting the anchor and cableis not to
be less than 9 m/minute and is to be measured over two shots
(55 m) of chain cable during thetrial. Thetrial should be com-
menced with 3 shots (82.5 m) of chain cable fully submerged.
Where the depth of water in trial areasisinadequate, consider-
ation will be given to acceptance of equivalent simulated con-
ditions. The hoisting speed for windlasses intended for
position mooring shall be according to design.

104 For windlasses or winches designed for long term moor-
ing systems where deviations from requirements in Sec.4
K500. are accepted, deviations in the test requirements given
in 103 can be accepted.

C 200 Test of chain stopper
After completion at the chain stoppers shall be function tested.
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D. Test of Manual and Automatic Remote
Thruster Systems

D 100 General

101 Tests of thrusters assisted mooring shall be carried out
in arealistic mooring situation.

102  All control, monitoring, alarm and simulation functions
of thruster control system shall be tested.

103 In addition to 102, tests of simulated failures shall be
carried out to verify redundant system (if required) in thruster
and power installations. Alternative means of demonstrating
these functions can be accepted.

E. Testing of Synthetic Fibre Ropes

E 100 General

101 Itistherope manufacturer’sresponsibility to take suffi-
cient number of samples of the completed fibre rope in order
to compl ete the necessary test to document the fibre rope prop-
erties.

E 200 Specification of testing
201 Thefollowing properties shall be determined by testing:

— weight per unit length

— breaking load and post installation stiffness
— initial drift and storm stiffness

— residua strength — fatigue

— creep properties.

202 The fibre ropes samples shall be preconditioned in sea-
water at atemperature between 5° and 15° for 24 hours before

testing.

203 Number of test samples shall be according to the stand-
ard used for certification.

204 Thetesting of afibre rope assembly isonly valid for the
specified assembly. In cases of new deliveries with similar
materials, constructions etc., the requirements for documenta-
tion and testing will be considered in each case.

E 300 Creep properties

301 Thefibrerope' screep propertiesshall bedocumented. A
test method is given in the guidance note.

Guidance note:

Two rope samples shall be tested. One test sample from the start
of the production of thefirst rope segment and the other from the
end of the last rope segment. The test samples shall be precondi-
tioned in seawater according to 202.

The gage length over which elongation is measured shall be suf-
ficiently long to achieve +10% accuracy for expected extension.
The gage mark shall not be closer than 0.5 m from thetail of each
termination.

The entire rope section including termination shall be immersed
in seawater, or at least the sample has to be kept wet by spraying
during the test.

A test load equal to 30% of the rope’ s wet characteristic strength
isapplied to onerope sample. A higher tension load equal to 65%
of the rope’s wet characteristic strength is applied to the other
rope sample.

Elongation of each test rope sampleis measured at 30 s, 10 min-
utes, 30 minutes, 1 hour, 2 hours, 4 hours, 12 hours, and every 24
hours from the start of the creep test for a period of 7 days or till
creep rupture develops, whichever occurs first.

From asemi-log of the creep strain versustimein seconds, deter-
minethe creep rate of the rope samplesusing regression analysis.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---
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SECTION 1
CERTIFICATION AND CLASSIFICATION

A. General

A 100 Introduction

101 As well as representing DNV's recommendations of
safe engineering practice for general use by the offshoreindus-
try, the offshore standards also provide the technical basis for
DNV classification, certification and verification services.

102 A complete description of principles, procedures, appli-
cable class notations and technical basis for offshore classifi-
cation is given by the DNV offshore service specifications
documents for classification, see Table A1.

Table A1 DNV offshor e service specifications
No. Title

DNV-0SS-101 | Rulesfor Classification of Offshore Drilling and
Support Units

Rules for Classification of Floating Production,
Storage and Loading Units

DNV-0S5-102

103 Mooring aspects subject to classification covered by this
standard include:

— temporary mooring

— emergency mooring
— towing arrangements
— mobile mooring

— long term mooring.

104 For the purpose of temporary and emergency mooring
the unit shall be equipped with at least two of each of the fol-
lowing items:

— anchors

— chain cables

— windlass (one winch may contain two cable lifters)
— chain stoppers

— separate spaces in the chain lockers.

Details regarding structural arrangements are given in Ch.2
Sec.4 N. Specification of equipment is given in Sec.2

B. Main Classfor Offshore Units (1A1)

B 100 General

101 Depending ontype of unit, the main class (1A1) for off-
shore units covers requirements for:

— temporary mooring
— emergency mooring
— towing.

102 For units with the additional class notation POS-
MOOR, the requirements for emergency and temporary maoor-
ing are normally covered.

103 For units with the additional class notations AUTS,
AUT, AUTR, AUTRO, the requirements for emergency and
temporary mooring shall be complied with.

104 If required by flag administrations, DNV can perform
certification of the complete mooring equipment according to
the POSMOOR notation or the relevant national regulations.

105 Ship-shaped units shall have an arrangement for tempo-
rary mooring complying with the Rules for Classification of
Ships Pt.3 Ch.3 Sec.3.

106 Equipment for drilling bargeswill be considered in each
case.

107 Column-stabilised units shall have an arrangement for
temporary and emergency mooring complying with Sec.2 A.

108 Sdf-elevating, tension-leg and deep-draught units are
not required to have temporary or emergency mooring.

109 All type of units shall have arrangement and devices for
towing complying with Sec.2 I.

110 When a unit is equipped with thruster assistance, the
thrusters and thruster systems shall comply with Ch.2 Sec.3.

B 200 Documentation requirements

201 Documentation requirements shall be in accordance
with the NPS DocReq (DNV Nauticus Production System for
documentation requirements) and Guideline No.17.

C. Main Classfor OffshoreInstallations (Ol)

C 100 General

101 Mainclass Ol does not have requirements for temporary
and emergency mooring.

102 For installations with main class Ol, the additional class
notation POSMOOR is mandatory.

D. Class Notation POSMOOR

D 100 General

101 Units with mooring system and equipment complying
with this standard may be assigned the class notation POS-
MOOR or POSMOOR V.

102 The additional letter V refers to a mooring system,
which is designed for positioning of a unit in vicinity of other
structures.

Guidance note:

For column-stabilised units with conventional mooring systems,
the class notation POSMOOR V applies when the distance
between the unit and other structures is less than 300 m. The
safety factors of the anchor lines are dependant of the collision
hazard and consequences of failure, see Ch.2 Sec 2 D.

For units with an unconventional anchoring system and for all
types of moored ship-shape units, the limiting distance between
the unit and other structuresto avoid collision hazard isgiven in
Ch.2 Sec.2 D400.

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

103 If the unit’s mooring system is designed for thruster
assistance, the system notation letters TA or ATA can beadded
to the POSMOOR notation.

TA  Theunit isprovided with thruster assisted mooring sys-
tem which is dependent on amanual remote thrust con-
trol system

ATA Theunitisprovided with thruster assisted mooring sys-

tem which is dependent on an automatic remote thrust
control system.
Guidance note:

Classification according to TA and ATA does not imply specific
reguirements regarding number of thrusters or capacity of these.
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The effect of thrusterswill be determined and incorporated in the
mooring analysis.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

D 200 Scopeand application

201 Deviations from the requirements of this standard are
only acceptable upon agreement with DNV.

D 300 Useof alternativerecognised standards

301 For mobile offshore units like for instance drilling and
accommodation units, POSMOOR notations shall only be
granted if the mooring system is designed and components cer-
tified according to this standard.

302 For floating production and/or storage unitsand installa-
tions, POSMOOR notations may be based on alternative
standards as for instance APl RP2SK subject to agreement
between DNV and client.

303 A notewill beincluded in the Appendix to the class cer-

tificatefor floating production unitsor installationswith POS-
MOOR class notations, where the mooring system is designed
according to another recognised standard.

D 400 Basicassumptions

401 It is the intention of this standard that by specifying
environmental condition according to Ch.2 Sec.1 for upper and
lower water depths, all intermediate water depths are covered.

402 For long term moored units, site specific environmental
data shall be applied.

403 Theclassification isbased on the condition that an up to
date anchor line record is kept available for presentation to
DNV’ s surveyor upon request.

D 500 Documentation requirements

501 Documentation requirements shall be in accordance
with the NPS DocReg (DNV Nauticus Production System for
documentation requirements) and Guideline No.17.
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SECTION 2
EQUIPMENT SELECTION AND CERTIFICATION

A. Specification of Equipment

A 100 General

101 Equipment for temporary and emergency mooring shall
in general be selected in accordance with the requirements
givenin Table Al.

102 For self-elevating units the requirements may alterna-
tively be based on specified design conditions or design
strength of mooring lines, which shall be included in the
Appendix to the classification certificate.

A 200 Equipment number
201 The equipment number is given by the formula

EN=AZ3+A

A = Moulded displacement (t) in salt waters (density
1.025 t/m3) on maximum transit draught

projected area in m2 of all the wind exposed surfaces
above the unit's light transit draught, in an upright con-

dition, taken asthe projection of the unit in a plane nor-
mal to the wind direction. The most unfavourable
orientation relative to the wind shall be used taking into
account the arrangement of the mooring system.

202 The shielding effect of members located behind each
other shall normally not be taken into account. However, upon
special consideration a reduced exposed area of the leeward
members may be accepted. The shape of the wind-exposed
members shall normally not be taken into account.

203 Thesolidification effect shall normally not be taken into
account.

204 To each group of equipment numbers, as they appear in
Table A1, thereisassociated an equipment letter which will be
entered in the Appendix to the classification certificate. If the
unit is equipped with heavier equipment than required by clas-
sification, theletter, which correspondsto the lowermost satis-
fied group of equipment numbers, will replace the class
requirement letter.
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Table Al Equipment table

. Sockless anchors Chain cables
Equipment -
number Equipment Mass per Total Diameter and grade
Exceeding — letter Numb:
ot exceed ng Hmoet anchor (kg) length (m) NY J8or NV R3S NV R4
720 —-780 S 2 2280 467.5 36
780 -840 T 2 2460 467.5 38
840 —-910 U 2 2640 467.5 40
910 —980 \% 2 2850 495 42
980 -1 060 w 2 3060 495 44
1060 -1 140 X 2 3300 495 46
1140-1220 Y 2 3540 522.5 46
1220-1300 z 2 3780 522.5 48
1300-1390 A 2 4050 522.5 50
1390-1480 B 2 4320 550 50
1480-1570 C 2 4590 550 52
1570-1670 D 2 4890 550 54
1670-1790 E 2 5250 5775 56 54 50
1790-1930 F 2 5610 5775 58 54 52
1930-2 080 G 2 6 000 577.5 60 56 54
2080-2 230 H 2 6 450 605 62 58 54
2230-2380 I 2 6 900 605 64 60 56
2380-2530 J 2 7350 605 66 62 58
2530-2 700 K 2 7 800 632.5 68 64 60
2700-2 870 L 2 8300 632.5 70 66 62
2870-3040 M 2 8 700 632.5 73 68 64
3040-3210 N 2 9300 660 76 70 66
3210-3400 (e} 2 9900 660 78 73 68
3400 -3 600 P 2 10500 660 78 73 68
3600 -3 800 Q 2 11100 687.5 81 76 70
3800-4 000 R 2 11 700 687.5 84 78 73
4000 -4 200 S 2 12 300 687.5 87 81 76
4200 -4 400 T 2 12900 715 87 81 76
4400 -4 600 U 2 13500 715 90 84 78
4600 -4 800 \% 2 14100 715 92 87 81
4800 -5 000 W 2 14700 742.5 95 90 84
5000 -5 200 X 2 15 400 7425 97 90 84
5200 -5 500 Y 2 16 100 742.5 97 90 84
5500 -5 800 z 2 16 900 742.5 100 92 87
5800-6 100 A* 2 17 800 7425 102 95 o)
6 100 -6 500 B* 2 18 800 742.5 107 100 95
6 500 -6 900 C* 2 20 000 770 111 105 97
6900 -7 400 D* 2 21500 770 114 107 100
7 400 -7 900 E* 2 23000 770 117 111 102
7900 -8 400 F* 2 24500 770 122 114 105
8400 -8 900 G* 2 26 000 770 127 120 11
8900 -9 400 H* 2 27500 770 132 124 114
9400 -10 000 I* 2 29 000 770 132 124 114
10 000 -10 700 N 2 31000 770 137 130 120
10 700 -11 500 K* 2 33000 770 142 132 124
11 500 -12 400 L* 2 35500 770 147 137 127
12 400 -13 400 M* 2 38 500 770 152 142 130
13 400 -14 600 N* 2 42 000 770 157 147 137
14 600 -16 000 o* 2 46 000 770 162 152 142
1) K3can by applied for units where the temporary and emergency mooring is not a part of the position mooring system such as DP units
B. Certification of Equipment — :
Table B1 Certification of equipment
B 100 General Component Certificate
101 Equipment shall be certified consistent with tsfunctions Ar_‘czf’r — NV
and importance for safety. The principles of categorisation of | Windiassor winc NV
equipment subject to certification are given in the respective | Fairlead NV
offshore service specifications, see Table B1. Anchor chain cable and accessories NV
o . Steel wire rope 1) W
B 200 Categorisation of equipment Fibre ropeincl. termination NV
201 Categorisation of equipment that isnormally installed as | Chain stopper NV

part of the areas covered by this offshore standard is given in
Table B1.

1)  For unitswith class notation POSMOOR, NV certificateis required.
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B 300 Certification of material

301 For the items given in Table B2 the following material
certificates are required:

Table B2 Certificatesfor materials

Materials for:

Anchor NV
Mooring chain and accessories NV
Steel wire Ropes NV D
Steel wire rope end attachment NV D
Fibre ropes NV
Fibre Ropes termination NV
Windlass cable lifter NV
Winch drum and drum flanges NV
Windlass/winch framework NV
Shafts for cable lifter and/or drum NV
Couplings NV
Gear shafts and gear wheels NV
Brake components (pawl wheel/stopper) NV
Chain stopper NV
Fairlead (cable lifter/sheaves, shafts, housing and NV
support)

Towing equipment (Shackles, flounder plate and NV
chain)

1) For six strand steel wirerope not applied in long term mooringsystem a
work certificate will be accepted provided the steel wire rope is pro-

duced by an approved manufacturer.

C. Classification Requirementsfor Anchors

C 100 General
101 Anchor types relevant for classification are:

— ordinary stockless anchor
— ordinary stocked anchor
— HHP (High Holding Power) anchor.

102 The mass of ordinary stockless anchors shall not be less
than given in A. The mass of individual anchors may vary by
+7% of the table value, provided that the total mass of anchors
is not less than would have been required for anchors of equal
mass.

103 The mass of the head shall not to be less than 60% of the
table value.

104 For anchors approved as HHP anchors, the mass shall
not be less than 75% of the requirements given in A. In such
cases the letter r will be added to the equipment letter.

105 Thetotal mass of the anchors corresponding to a certain
equipment number may be divided between 3 or 4 instead of 2
anchors. The mass of one anchor will then be 1/3 or 1/4 respec-
tively of the total mass required.

106 If steel wirerope is accepted instead of stud link chain
cable, the mass of the anchors shall be at least 25% in excess
of the requirement given in Table A1, see D203.

C 200 Additional requirementsfor HHP (High Holding
Power) anchors

201 Anchors shall be designed for effective hold of the sea-
bed irrespective of the angle or position at which they first set-
tle on the sea bed after dropping from the anchor's stowage. In
case of doubt a demonstration of these abilities may be
required.

202 The design approva of HHP anchorsis normally given
asatype approval, and the anchors are listed in the Register of
Approved Manufacturers or Register of Type Approved Prod-
ucts.

203 HHP anchors for which approva is sought shall be
tested on sea bed to show that they have a holding power per
unit of mass at least twice that of an ordinary stockless anchor.

204 If approval is sought for arange of anchor sizes, at least
two sizes shall be tested. The mass of the larger anchor to be
tested shall not be less than 1/10 of that of the largest anchor
for which approval is sought. The smaller of the two anchors
to be tested shall have a mass not less than 1/10 of that of the
larger.

205 Each test shall comprise a comparison between at least
two anchors, one ordinary stockless anchor and one HHP
anchor. The mass of the anchors shall be as equal as possible.

206 Thetests shall be conducted on at least 3 different types
of bottom, which normally shall be: soft mud or silt, sand or
gravel, and hard clay or similar compacted material.

207 Thetestsshall normally be carried out by meansof atug.
The pull shall be measured by dynamometer or determined
from recently verified curves of the tug's bollard pull as func-
tion of propeller r.p.m. Provided the pull is measured by veri-
fied curves of the tug's bollard pull the minimum water depth
for the tests shall be 20 m.

208 The diameter of the chain cables connected to the
anchors shall be as required for the equipment letter in ques-
tion. During the test the length of the chain cable on each
anchor shall be sufficient to obtain an approximately horizon-
tal pull on the anchor. Normally, ahorizontal distance between
anchor and tug equal to 10 times the water depth will be suffi-
cient.

C 300 Requirementsfor anchorsused in mobile moor -
ing

301 Proof testing of anchor strength is only applicable for
ordinary fluke anchors such as:

— stockless anchor
— stocked anchor
— High Holding Power anchor (H.H.P)

302 These anchors are to be subjected to proof testing in a
machine specially designed for this purpose or the structural
strength of the anchor has to be documented by calculations,
see 305.

303 The proof load of anchorsto be used for mobile mooring
isnot to be less than 33% of the minimum breaking strength of
the anchor line.

304 The anchors are to withstand the specified proof load
without showing signs of defects.

305 Proof load testing of anchors can be omitted if calcula-
tions show that the safety factor required for documentation of
the ability of the anchor to withstand the required proof |oad by
calculation methods instead of testing to be equivalent to 0.9
of the materia yield stress in each case. The corresponding
anchor shackles for long term mooring systems and mobile
mooring systems shall be tested according Ch.2 Sec.5 A200
and Ch.3 Sec.2 C303 respectively.

C 400 Flukeanchorsfor temporary moorings

401 Ordinary anchorsand H.H.P. anchors are to be subjected
to proof testing in a machine specially approved for this pur-
pose.

402 The proof test areto be as given in Table C1. dependent
on the mass of equivaent anchor, defined as follows:

— total mass of ordinary stockless anchors
— mass of ordinary stocked anchors excluding the stock

DET NORSKE VERITAS



Offshore Standard DNV-OS-E301, October 2004
Page 72 — Ch.3 Sec.2

Amended April 2007
see note on front cover

— 443 of the total mass of H.H.P. anchors.

For intermediate values of mass the test load is to be deter-
mined by linear interpolation.

Table C1 Proof test load for anchors
Massof | Prooftest | Massof |Prooftest | Massof | Prooftest
anchor load anchor load anchor load
(kg) (kN) (kg) (kN) (kg) (kN)
2200 376 5700 713 13500 1180
2300 388 5800 721 14 000 1210
2400 401 5900 728 14 500 1230
2500 414 6 000 735 15000 1260
2600 427 6100 740 15500 1270
2700 438 6 200 747 16 000 1300
2800 450 6 300 754 16 500 1330
2900 462 6 400 760 17 000 1360
3000 474 6 500 767 17 500 1390
3100 484 6 600 773 18 000 1410
3200 495 6 700 779 18 500 1440
3300 506 6 800 786 19 000 1470
3400 517 6900 795 19500 1490
3500 528 7 000 804 20 000 1520
3600 537 7 200 818 21 000 1570
3700 547 7 400 832 22 000 1620
3800 557 7 600 845 23000 1670
3900 567 7 800 861 24 000 1720
4000 577 8 000 877 25000 1770
4100 586 8200 892 26 000 1800
4200 595 8400 908 27 000 1850
4300 604 8 600 922 28 000 1900
4400 613 8800 936 29 000 1940
4500 622 9000 949 30 000 1990
4600 631 9200 961 31000 2030
4700 638 9400 975 32 000 2070
4800 645 9600 987 34 000 2160
4900 653 9800 999 36 000 2250
5000 661 10000 1010 38 000 2330
5100 669 10500 1040 40000 2410
5200 677 11 000 1070 42 000 2490
5300 685 11 500 1090 44000 2570
5400 691 12 000 1110 46 000 2650
5500 699 12500 1130 48 000 2730
5600 706 13000 1160
C 500 Identification

501 Thefollowing marks shall be stamped on one side of the
anchor:

— mass of anchor (excluding possible stock)

— HHP, when approved as high holding power anchor
— certificate no.

— date of test

— DNV's stamp.

D. Classification Requirementsfor Mooring
Chain

D 100 General

101 Mooring chain and accessories shall be made by manu-
facturers approved by DNV for the pertinent type of anchor
chain, size and method of manufacture.

102 Thedesign of chain links and accessories are subject to
approval and shall be in accordance with Ch.2 Sec.4 H. Devi-
ationsin accordance with SO 1704 will generally be accepted.
Detailed drawings shall be submitted for approval. Studless
chain can also be accepted.

D 200 Temporary mooring

201 Thediameter and total length of stud link chain shall not
be lessthan givenin Table Al

202 Upon specia consideration by DNV a steel wire rope

and an increased mass of anchor may substitute the chain link,
provided suitable winches having positive control of the steel
wire rope at all times are installed. The length and strength of
the steel wire rope and the mass of anchors shall beasgivenin
E201 and C106.

203 If the total mass of anchors is divided between 3 or 4
instead of 2 anchors, the diameter of the anchor chain shall be
based on a mass corresponding to 1/3 and 1/4 respectively of
the total mass of the anchors required according to the equip-
ment number of the unit.

204 Thetotal length of the anchor chain shall be at least 50%
respectively 100% in excess of the requirement given in Table
Al for the reduced diameter of the chain.

D 300 Position mooring

301 The chain cable anchor lines used in the position moor-
ing system can be of stud or studless type. Chain grades shall
be NV R3, NV R3S and NV R4. The chain cable can be sub-
stituted partly or completely by steel wire rope or by synthetic
fibre rope.

Guidance note:

Upon special consideration other chain grades of offshore quality

can be accepted.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

D 400 Testing of chain and accessories

401 All chain and accessories shall meet the requirements
for materials, design, manufacture and testing in Standard for
Certification 2.6.

402 The materias for mooring chain of grades NV R3, NV
R3S and NV R4 shall be delivered with DNV material certifi-
cates.

E. Classification Requirementsfor Steel Wire
Ropes

E 100 General

101 Steel wire ropes shal be manufactured by works
approved by DNV.

E 200 Temporary mooring

201 If steel wire rope is accepted instead of stud link chain
cable, thelength of thewire rope shall be at least 50% in excess
of therequirementsgivenin Table Al for the chain cables. The
strength of the wire rope shall not be less than 75% of the min-
imum breaking strength required for the substituted chain
cable.

202 Technical requirementsfor steel wire ropesare givenin
Ch.2 Sec.4 J.
E 300 Position mooring

301 Requirements concerning materials, manufacture and
testing of steel wireropesaregivenin Ch.2 Sec.4 J, Ch.2 Sec.5
B and Standard for Certification 2.5. Steel wire ropes shall be
certified by DNV according to Standard for Certification 2.5.

F. Classification Requirementsfor Synthetic
Fibre Ropes

F100 General

101 Fibreropesused in positioning systemsshall be certified
by DNV according to Standard for Certification No. 2.13.

102 Detail requirements are given in Ch.2 Sec.4 K and Ch.2
Sec.5E.
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G. Classification Requirementsfor Windlass,
Winchesand Chain Stoppers

G 100 General

101 Windlasses, winches and chain stoppers shall be certi-
fied by DNV.

102 Detailed requirements regarding design, material and
testing are given in Ch.2 Sec.4 K and Ch.2 Sec.5 C.

103 Requirementsfor structural strength of supporting struc-
tureisgivenin Ch.2 Sec.4 N109.

H. Classification Requirementsfor Fairleads

H 100 General
101 Fairleads shall be certified by DNV.

102 Requirementsregarding design and material aregivenin
Ch.2Sec4d L.

103 Requirementsfor structural strength of supporting struc-
tureisgivenin Ch.2 Sec.4 N109.

|. Classification Requirementsfor Arrangement
and Devicesfor Towing

| 100 Genera

101 Bridle(s) or pennants for towing shall have clear way
from the fastening devices to the fairlead.

102 There shall be an arrangement for retrieval of the unit's
towline in case the connection to the towing vessel should
break.

103 In addition to the permanent towing arrangement, there
shall be the possibility of using an emergency arrangement of
equivaent strength. Application of the unit's mooring arrange-
ment may be considered for this purpose.

104 The design load for the towing arrangement will be
stated in the unit's Appendix to the classification certificate.

105 Requirementsregarding material and structural strength
aregivenin Ch.2 Sec.4 O.

J. Classification Requirementsfor Tension
M easuring Equipment
J100 General

101 Tension measuring equipment shall
installed on classed units.

102 Requirements regarding tension-measuring equipment
aregivenin Ch.2 Sec.4 P.

normally be

K. Classification Requirementsfor Thrusters
and Thruster Systems

K 100 General

101 Manual and automatic installed thrusters and thruster
systems shall comply with requirementsin Ch.2 Sec.3 and the
Rulesfor Classification of Ships Pt.6 Ch.7.

L. Classification Requirementsfor anchorsused
in Long Term Mooring

L 100 General

101 Detailed requirements are given in
Ch.2Sec4B,C,DEandF.

M. Survey during Installation

M 100 General

101 For floating production and/or storage units and CALM
buoysasurveyor shall be present during installation of anchors
and during hook-up and pre-tensioning of the mooring lines.
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