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CHANGES — CURRENT

General

This document supersedes DNV Rules for PlanningEretution of Marine Operations, (1996/2000) Pt.2
Ch.5.

Text affected by the main changes in this edit®highlighted in red colour. However, if the chasgesolve
a whole chapter, section or sub-section, normaily the title will be in red colour.

Det Norske Veritas AS, company registration nuns 748 931, has on MNovember 2013 changed
name to DNV GL AS. For further information, see wwnwgl.com. Any reference in this documen
“Det Norske Veritas AS” or “DNV” shall therefore ade a reference to “DNV GL AS”.

This is a new document in a series of documentscew the DNV “Rules for Planning and Execution of
Marine Operations” (1996/2000). Extensive revisiand/or amendments have been made, with the faipwi
main changes:

— Section 2 “General Requirements” is new, combinieg/ content with some original text from Section 5
of the previous Rules.
— Lifting of objects weighing less than 50 t hasméaecluded, with factors/text updated accordingly.

Editorial corrections
In addition to the above stated main changes, galittorrections may have been made.
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SECTION 1 INTRODUCTION

1.1 Application
1.1.1 General
1.1.1.1 This standargrovides specific guidance and recommendation&fgjineered onshore, inshore and

offshore lifting operations, conducted both inaid sub-sea, s¢e.1.2.2]

Guidance note:

‘Engineered’ refers to lifts that are planned, dasid and performed according to requirements in BDS/H101,
i.e. specially prepared and documented.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
1.1.1.2 Weight limitations (upper or lower bound) are npesified herein, however, requirements in other

standards and local/international regulations maydbevant and governing, for objects with lowelighés
(typically less than 50 tonnes) and for operatiorslving routine lifts.

Guidance note:

‘Routine’ lifts are considered ‘everyday’ lifts, thbut specific supporting documentation; e.g. l#ssociated with
general cargo carrying or portable units from/tpu vessels, minor erection lifts on constructj@nds, etc. For
such lifts higher safety factors may be applicableompensate the lack of detailed engineering. éd@w routine
lifts are not covered in this standard.

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

1.1.2.1 DNV offshore standards covering marine operatinas DNV-OS-H101, DNV-OS-H102 and DNV-
0S-H201 to DNV-0S-H206, are collectively referredas the VMO Standard.

Guidance note:

The VMO Standard supersedes and replaces “DNV eSfalr Planning and Execution of Marine Operatio@&£e
alsoTable 1-2

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
1.1.2.2 For sub-sea lifting relevant parts of DNV-OS-H20@ls be considered.
1.1.2.3 The sea transportation phase for lifted objectsliftivty equipment is covered in DNV-OS-H202.

1.1.2.4 General recommendations for planning, loads anidjded marine operations are given in DNV-OS-
H101 and DNV-OS-H102

1.1.3 Objectives and conditions
1.1.3.1 The objectives of this Standard are stated in DNSA@L01, Sec.1A.
1.1.3.2 The general conditions for use of this Standardstated in DNV-0OS-H101, Sec. 1 B200.

1.2 References
1.2.1 Numbering and cross references

1.2.1.1 Table 1-1defines the numbering system used throughout dtsindard, in comparison with that
adopted in some of the DNV-H series of offshor@dteids, published to date. Skable 1-1

1.2.1.2 The text in this standard includes references tun®nts listed iMable 1-2 Where referred to, the
referenced text shall be considered part of tlaiedsrd.

Table 1-1 Numbering

Level Numbering Numbering in some published DNV-H standards
Sections 1 Sec. 1, 2,3...

Sub-Sections 1.1 A.,B.,C....

Paragraphs 111 A 100, A 200, A 300...

Items 1.11.1 101, 102.., 201, 202.., 301, 302...

1.2.1.3 Requirements herein are based on the documentamewitisted inTable 1-2 however the latest
revision shall normally be applicable, unless otlige agreed.

DET NORSKE VERITASAS
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Guidance note:

Agreement should be made between involved pantiesrally through contracts) as Company, Contracéos
MWS.

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

Table 1-2 References including requirements

Reference Revision Title

DNV-0S-H101 Oct. 2011 Marine Operations, General

DNV-0S-H102 Jan. 2012 Marine Operations, Design &rkealtion

DNV-0S-H201 Apr. 2012 Load Transfer Operations

DNV-0S-H202 See note Sea Transport (VMO Standard22ajt

DNV-0S-H203 Feb. 2012 Transit and Positioning of &ffe Units

DNV-0S-H204 Nov. 2013 Offshore Installation OperaigMO Standard Part 2-4)
DNV-0S-H206 See note Sub Sea Operations (VMO Staridart?-6)
DNV-OS-E303 Dec. 2012 Offshore Fibre Ropes

IMCA M 179 Aug 2005 Guidance on the use of cable &idgs and grommets
DNV 2.22 Oct. 2011 DNV Standard for Certification Nb22, Lifting appliances

Note: The DNV-OS H-series is planned issued during #mop October 2011 - October 2014. Each OS will
enter into force on the date of publication. Utité OS is published the relevant requirements INVD Rules
for Planning and Execution of Marine Operationsdlshe considered governing.

1.2.1.4 The documents listed ifable 1-3include information that through references irs tigixt, clarify and
indicate acceptable methods of fulfilling the requients given in this standard.

1.2.1.5 The latest revision of the informative referendeswsd normally be used.

Table 1-3 Informative References

Reference Title

DNV-RP-H101 Risk Management in Marine and Subsea@jpas

DNV-RP-H102 Marine Operations during Removal of @ffee Installations

DNV-RP-H103 Modelling and Analysis of Marine Opeoats

DNV 2.7-1 DNV Standard for Certification No 2.7-10¢fshore Containers

DNV 2.7-3 DNV Standard for Certification No 2.7-3Fertable Offshore Units

ISO 2408 Steel wire ropes for general purposes -Mim requirements

ISO 3108 Steel wire ropes for general purposes erbhation of actual breaking load

ISO 4309 Cranes — Wire ropes — Care and maintenamg@ection and discard

EN 818 Short link chain for lifting purposes - Parto Part 7

ISO 19901-6 Petroleum and natural gas industripeeiic requirements for offshore structures - BaMarine
operations.

EN 10204 Metallic products - Types of inspectionaoents

EN 10164 Steel products with improved deformatioopgrties perpendicular to the surface of the prbduc

EN 12385-4 Steel wire ropes; Safety; Part 4: Strdmdpes for general lifting applications

EN 13414-1 Steel wire rope slings - Safety - Paglings for general lifting service

EN 13414-3 Steel wire rope slings - Safety - Pat@mmets and cable-laid slings

EN 13411-2 Terminations for steel wire ropes - Safd®art 2: Splicing of eyes for wire rope slings

EN 13411-3 Terminations for steel wire ropes - Safd®art 3: Ferrules and ferrule-securing

EN 13411-4 Terminations for steel wire ropes - Safdart 4: Metal and resin socketing

NORSOK N-004 | Design of steel structures

NORSOK R-003 | Safe use of lifting equipment

1.3 Terminology and definitions
1.3.1 Terminology
1.3.1.1 Terminology of special importance and used througltitis standard is defined below.

1.3.1.2 Shallverbal form used to indicate requirements stritdlype followed in order to conform to the
document.

DET NORSKE VERITASAS
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1.3.1.3 Shouldverbal form used to indicate that among severakipdiies one is recommended as
particularly suitable, without mentioning or exdiog others, or that a certain course of actiorrédgured but
not necessarily required.

1.3.1.4 Mayyverbal form used to indicate a course of actiompgsible within the limits of the document.
1.3.2 Definitions
1.3.2.1 Definitions are included in DNV-OS-H101; terms gksial importance for this standard are defined

below.

Bobbin: Sheaves applied to increase the bending diametauble slings around a pin. May also be used to
centralise the load, then normally referred tooasl Icentralising bobbin.

Cable laid grommetSteel ropes arranged into a stranded construatadried together, right or left lay, and
spliced such that there is no end.

Cable laid sling:Steel ropes arranged into a stranded construcidted together, right or left lay, with a hand
spliced eye in each end.

Design factor:Factors to be applied for design of structurahaets which include relevant load factors,
consequence factors, and local dynamics.

Dynamic amplification factorA factor accounting for the global dynamic effemtsmally experienced during
lifting. The dynamic amplification factor is defideas (Dynamic Load + Static Load)/Static Load.

Fibre sling: Slings made of high performance man-made fibres.
Grommet:Endless sling.
Lifting: The activities necessary to lift or assist a stmecby crane(s).

Lifting equipment/gearTemporary installed equipment such as slings,ldeacsheaves, spreader beams or
frames, necessary to perform the lift.

Lifted object:A structure or parts thereof subjected to lifting.

Lift points: The attachment points for slings on the liftedeahj Lift point are normally designed as padeyes
or trunnions/padears.

Padear: Type lift point on a structure, normally consigtiof a tubular member and an end-plate, to ensure
sling retention. The sling/grommet may be laid agbthe tubular member such that a shackle is redect

Padeye.Lift point on a structure consisting of a steelimalate with a matched machined or drilled hole fo
the shackle pin. The hole may be reinforced byatepicheek plate) on each side.

Plate shackleA shackle where the bow is replaced by two stedep and an extra pin.
Rigging arrangemenfThe complete system, as applicable, of slings;idba and, spreader beams or frames.
Shackle:A structural component composed by a bow and diging e.g. a sling/grommet to a padeye.

Single laid slingPreformed steel wire rope, with hand splices, ®dlaplices, pressed sockets or resin sockets
to form eye terminations at each end.

Skew load factorA factor accounting for the extra loading on stiraused by the effect of inaccurate sling
lengths and other uncertainties with respect toddalistribution in the rigging arrangement.

Sling: A strap used between lift point and crane hookndulifting. The term sling is also used for a $tepe
with an eye at each end.

Spreader beam/frame — loose gear giadt of the rigging used to:

— minimise/eliminate compressive forces imparted thie lifted object
— reduce the effect of inaccurate sling lengths or
— to avoid clashes between slings and the lifteéabj

Trunnion: Another name for padear type lift points. It mégoebe a type of double padear, i.e. a pin (tubular
supported in the centre with slings/grommets om Isades.

1.3.3 Symbols and abbreviations

1.3.3.1 The list below defines symbols used in this chapter

A: Nominal cross sectional area of all 4 slings.
CGBL: Calculated Grommet Breaking Load

CoG: Centre of gravity.

CSBL: Calculated Sling Breaking Load

D: Bending diameter of slings.

DET NORSKE VERITASAS
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DAF: Dynamic amplification factor.

DHL: Dynamic hook load.

DHL;:  Dynamic hook load for hook no. i.

d: Diameter of sling.

DF: ;l?r?:sign Factor” introduced to ensure that sliggsmmets are not too oversized (stiff) to apply tdbulated
sl

E: Young's modulus.

Fas Lift point design load in the sling direction.

Fsling: Maximum dynamic sling load.

F(SPL): Additional hook load due to SPL.

F(SPL): Additional hook load due to SPL for crane no. i.
: Guidance Note

HMPE: High-Modulus Polyethylene

IACS: International Association of Classificationctaties

MBL: Minimum breaking load.

MWS Marine Warranty Surveyor/Survey

P: Nominal dynamic sling load.

SHL: Static Hook Load

SKL: Skew load factor.

SKLg: Skew load factor due to elongation of slings.

SKLg:  Global skew load factor, s¢@.3.2].

SKL; : Skew load factor due to tilt.

SKLy :  Skew load factor due to yaw.

SPL: Special loads, s¢2.1.3].

SSCV:  Semi-submersible crane vessel.

SWL: Safe working load.

Tz: Zero upcrossing wave period
UT: Ultrasonic Testing
W: Object weight.

WLL: Working Load Limit = SWL
Weight of rigging/lifting equipment.

rig -
an,ii Weight of rigging/lifting arrangement no. i.
WSD: Working Stress Design also known as PermisShiess Method
acoG: Maximum theoretical part of total load at hook naith CoG in extreme position.
£: Average strain in the slings caused by P.
&' Sum of sling and padeye fabrication tolerancédéid by sling length.
& Average strain in the slings diagonal 1.
& Average strain in the slings diagonal 2.
W Reduction factor due to bending.
7 Consequence factor.
Vaesign:  Design factor for lift points, equipment and suginy structures.
%! Load factor.
Y Material factor.
% Resulting reduction factor due to splicing or thexg.
¥ Reduction factor due to splicing.
Vet - Nominal safety factor for slings.
K Wear factor.
Yow - Twist reduction factor
g: Average sling angle from a horizontal plane.

DET NORSKE VERITASAS
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SECTION 2 GENERAL REQUIREMENTS

2.1 Planning and documentation
2.1.1 General

2.1.1.1 Planning, including the design process, documeantadind risk management, for lifting operations
shall comply with requirements and philosophieggiin DNV-OS-H101, Section. 2

Guidance note:

The documentation associated with the above shalbbmmensurate with operational complexity ancettperience
of those parties involved in any given operation.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
2.1.2 Documentation
2.1.2.1 The general requirements to documentation are giv@NV-0S-H101, Section 2B
2.1.2.2 The lifting operation should be clearly describgddbawings, calculations and procedures.
2.1.2.3 All applicable input data should be documented.

2.1.2.4 A manual covering all relevant aspects of thenlgtoperation should be prepared, see also DNV-0OS-
H101, Sec.4G 200.

2.1.2.5 All relevant certificates, test reports, releastes@nd classification documents for equipmenpesa
and vessels involved should be available for review

2.2 Crane and crane vessel
2.2.1 General

2.2.1.1 The crane, crane vessel and all associated equighenld be in good condition, properly manned
and fit for performing the intended operations.

2.2.1.2 The crane should be equipped with a reliable loaditaring system with an accuracy normally not
exceeding 5% of the maximum crane capacity, or b0%e weight of the lifted object.

2.2.2 Positioning

2.2.2.1The crane vessel should be positioned, moored araflerated on DP according to relevant
requirements stated or referred to in DNV-OS-H203.

Guidance note:
For inshore and weather restricted mooring systbmsequirements in DNV-OS-H101, Sec. 6B normatigla.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
2.2.3 Crane vessel certificates
2.2.3.1 The crane vessel shall comply with the requiremenBNV-OS-H101, Sec. 6D.
2.2.3.2 Hydrostatic stability data should be available aafal.
2.2.3.3 The following vessel certificates should normaléydresented in valid condition:

— certificate of registry

— certificate of classification

— safety construction certificate

— certificate of international load line
— safety equipment certificate.

2.2.4 Crane documentation

2.2.4.1 The crane lift capacity for the required lift ragiand height shall be properly documented, consigler
all operational limitations and clearance requiratee

2.2.4.2 The following crane certificates should normallygresented:

— Certificate of classification or maker’s certiftea
— Crane test report issued by a recognised authority

DET NORSKE VERITASAS
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— Latest annual survey report.

— Lift record for preceding operations.

— Load-radius curves for static and dynamic liftiognditions. Limiting condition, sei.2.4.4] for each
load-radius curve shall be clearly indicated.

2.2.4.3 Safe handling instructions for the crane operasioall be available, in particular alarm settingd an
handling of alarms shall be properly documented.

2.2.4.4 Clearly defined operating parameters shall be ptesifor the applied load-radius curve(s), to easur
that the crane is suitable, given the design assangpmade.

Guidance note:

The limiting crane operational condition could natiy be expressed by relevant combinations of tilewing

(maximum) parameters:

a) DAF

b) wind speed

¢) hoist line angle tolerances relative to cranah(li@-line and sideways)

d) static heel and trim of crane vessel

e) crane tip motions/accelerations due to waves

f) motions/accelerations of the vessel where thga# lifted from

g) wave conditions, e.g. expressed by Hs, Tz aradivel wave/vessel direction(s).

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

2.2.4.5 For lifts by two (2) or more hooks on the same erbnom, total lift capacity of the crane (boom)
structure shall be documented. The most unfavoeralld distribution between the hooks shall beiadpl

Guidance note:

Requirements to hook load distribution assessnantgcluded if3.3.5.1] Note that the DAF indicted {3.2.2.4]
are based on the load in each hook.

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

2.3 Operational aspects
2.3.1 General
2.3.1.1 General requirements for operational aspects &mndn DNV-OS-H101, Section 4.

2.3.1.2 The operation shall be carried out with due consitiien of identified risks and prescribed risk
mitigations.

2.3.2 Control of lift

2.3.2.1 The lifted object shall be adequately controlledonder to avoid any significant and undesirable
yawing and/or pendulum motions. See also the requénts for bumpers and guideg5ri.7].

Guidance note:

Control should be ensured by applying an adequatémation of:

— adetailed step by step lift and handling procedur

— monitoring and evaluating relative crane tip andhpositions before lift-off

— tugger lines

— taglines

— bumpers and guides.

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

2.3.2.2 Maximum expected (relative) vertical motions of tbiane and lifted object should be properly
accounted for - sd@.3.3.3]and[5.1.7].

2.3.2.3 Rotation (yaw motion) of the lifted object shoulsrmally be controllable in both directions durifp a
phases of the lift. See alga3.4.7]

2.3.2.4 The use of tugger lines should be properly planaed designed; design documentation should
normally include:

— layout sketches/drawings
— attachment point detailing
— required tension in tugger lines due to vesselonst(to avoid slack and snap loads) and how totaa it
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— tugger line(s) to crane hook and/or spreader ibaygplicable
— capacity checks of all associated components.

Guidance note:

In general all components associated with the tutige arrangement (e.g. wires, winches, winch fiations,
sheaves and blocks) should have adequate ultintattsal strength (MBL) to withstand the maximuoadls which
can be imposed on them by the tugger lines. Sedak.2.7]

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

2.3.3 Clearances
2.3.3.1 All relevant clearances should be determined aarbtighly assessed for all stages of the lift.

2.3.3.2 Clearances required during crane vessel operatiomsld be determined on the basis of the expected
duration of the operation, the operational proced@ee[2.3.2]), crane functionality, environmental
conditions, positioning and fendering systems, baglsystems, configuration lay out, possible tilbbject,
etc.

Guidance note:

Minimum clearances should consider maximum motiointhe crane vessel and transport vessel/bargeciatsd

with the environmental design conditions and DPabdjty/mooring system. Required clearance depenisa

number of factors such as size and weight of ftedliobject, ability to control the lift (sd¢2.3.2]), vessel motions,
weather conditions, consequence of impact loadg &g following clearances could be used as guiléorcobjects
lifted offshore:

a) The minimum clearance between the lifted objediftthg equipment and the crane boom should ndigmeot
be less than 3.0 m.
b) For objects to be lifted over, around or betwetter objects a minimum clearance of 3.0 m is renended.

¢) Minimum 5.0 m between lifted object and otheustures on the same transport barge, unless spbaiiipers/
guides/tugger lines are used for lift off.

Clearances for lifts by floating crane vessels ofitating structures (e.g. spars, FPSQO’s) will nesbcial
consideration. It is expected that the clearancethfs case will need to be larger than thosedtabove. The design
clearances should be defined with due attentidghéanaximum expected relative motions of the flegstructure
and the lifting vessel.

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

2.3.3.3 Clearances between the underside of the liftedcoblajed grillage or seafastening structures on the
transport vessel/barge should be evaluated, with ahinsideration given to relative vertical and faes
horizontal motions after lift-off. If these cleas are small, particular attention should be giveavoid
damages in case of subsequent impacts.

Guidance note:

The probability of the barge/vessel impacting wité lifted object after lift-off could be estimatading the methods

described in DNV-RP-H103 Section 9.5.

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

2.3.3.4 The minimum clearances indicated in DNV-OS-H203bl&a4-2 for moored vessels in weather
restricted operations and if applicable, Tableféranooring lines should be considered.
Guidance note:

The indicated minimum clearance in ULS/ALS is farspible contact with critical structures/elementshsas the
crane boom, single critical structural elementsjeunwater buoyant compartments and/or sensitivépetgnt.
Clearances to other elements should normally négdsethan 3.0 m in ULS.

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

2.3.3.5 Minimum clearances for DP vessels should be defawedrding to DNV-0OS-H203, Sec.5 C200.

Guidance note 1:

For short time lifting operations close to fixe@fibrms, a smaller minimum distance than recommema®NV-
0S-H203 may be considered, given that most of éievblisted items are giving favourable effect:

a) Records of favourable (small) vessel footprintsrd) similar operations are presented.

b) Maximum expected yaw motions of the vessel haaentronsidered in the clearance calculation.
¢) The operational weather conditions are well witthie limiting DP capacity in DP 3 (or 2).

d) The crane vessel is operating on the leewarddfittee installation.

e) Possible motions of the installation are congider
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If the first contact in case of lost position Wik with critical elements, s¢23.3.4]GN, the minimum recommended
distance is 10.0 m; for contact with non-critickdreents this may be reduced to 5.0 m. Adequatetif@mncy)
fendering could be used to further reduce the recended minimum distance.

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

Guidance note 2:

Clearances around the crane vessel (either moaregnamically positioned) and any floating platforFPSO,
drilling rig or submersible, shall be determinedspscial cases based on the station keeping analfyie floating
structure and the lifting vessel. Positioning equémt and procedures shall be defined to maintanntmimum
clearances required for each specific operatio®. @focedures should minimise the durations for hiese are
required.

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

2.3.3.6 Circumstances that could reduce the availablehbfight according to load-radius curves shall be
thoroughly evaluated.

Guidance note:

In addition to the clearances mentionedlir8.3.2] such considerations could include:

a) Varying tide levels, with due consideration givertcombinations of floating and/or bottom fixedtaftranes.

b) Recommended (3.0 m in ISO 19901-6) minimum distdretween travelling block and fixed block notpedy
included in the crane charts.

¢) Hoist line angle restrictions for multi hook $ifapplying fixed (no slewing) crane booms.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

2.3.3.7 Sufficient bottom clearance between the crane Vesskthe sea bed should be documented for lifting
operations in shallow waters.
Guidance note:

There should be a minimum underkeel clearancenob@&tween crane vessel (including thrusters) aadesk for an
offshore lift after taking account of tidal conditis, vessel motions, increased draft and chandeseiror trim during
the lift. Lesser clearance for operations in shettewaters may be applicable depending on the deahd
environmental conditions, but should not be lessith m.

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

2.3.4 Lifting

2.3.4.1 Operational criteria such as, wind speed, wave itiong, relative motions, etc., should be estalglish
prior to starting the lifting operation. These erid should be included in the operation manual.
Guidance note 1:
For vessel to vessel lifts relative vertical motim®iween crane hook and object should be caredutijuated before
commencement of the lift. Relative motions excegd® m is not recommended. See §63.2.4]
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

Guidance note 2:
Considerations should be given to the effect ofdMimading to ensure that such loads will not jedjsa the
operation. It is recommended that a limiting wimidecion is clearly expressed.

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

2.3.4.2 General crane operational procedures and limitatised2.2.4.4] shall be considered.

2.3.4.3 Connection (and disconnection) of the lifting riggibetween object and crane hook shall be planned
in detail.

Guidance note:

The planning should/may include items such asnbutimited to:

— fSafe handling during installation/connection céelifting equipment, e.g. shackles, lift toolslaspreader bars/
rames.

— Easy access and appropriate working environmentdgers.

— Colour coding of slings/lift points to be connattegether in order to avoid mix up.

— Securing (during sea transportation) for riggiagipment that is pre-connected to the object.[Sde8].

— Back loading of heavy lifting equipment.

— Lift point detailed design, see e[§.1.4.6]

— Practical use requirements, $é€1.6]and[4.2.2].
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— For subsea disconnection, see DNV-OS-H206.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

2.3.4.4 The crane hook should be positioned accurately theecentre of gravity of the lifted object prior t
commencement of the lift.
Guidance note:
When lifting from another vessel/barge or from ghby crane vessels, possible restraint loads betareme vessel
and lifted object should be relieved by slackenimapring lines as much as possible and restrictecbtithrusters.

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

2.3.4.5 Ballasting of transportation vessel/barge priootauring lifting in order to obtain simultaneoufs |
off at all support points should be considered.

2.3.4.6 If counterweights are to be used to adjust thereeasftgravity during lifting, such weights should b
securely fastened to the lifted object.

2.3.4.7 Eccentric and/or none symmetric hook loading shbeldvithin acceptable limits.

Guidance note:

E.g. objects with a CoG distant from the centras$ ax lift (single hook lifts) will lead to considable differences in
sling angles and eccentric hook loading. It shdaddlocumented that the subsequent moment will veri@ad the
hook or blocks, or make rotation of the hook imjidss

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

2.3.4.8 Where shimming arrangements between support staigtillage and the object are used, shims
should be adequately secured to one of the surfaces

Guidance note:

Securing to grillage is preferable. If securing hasbeen properly done a check-point and proceftunemoval of
shimming plates (that may be stuck under the cgpgutuld be included. Removal of shims should pedfiy be
performed immediately after lift-off.

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

2.3.5 Monitoring of lifting operations

2.3.5.1 The following parameters should normally be momitbmanually/visually or by monitoring systems
if needed to obtain sufficient accuracy and/orrisuge adequate response time:

— hook load(s)

— crane radius

— crane slew angle

— crane boom angle

— crane block elevation

— environmental conditions

— tilt of lifted object, especially for multi-hoolifis
— relative motions of lifted object
— position and orientation

— clearances

— hoisting velocity.

2.3.6 Cutting of seafastening

2.3.6.1 The cutting procedure should be such that no \&@ntestraint will be present during lift off.

Guidance note:

Vertical cutting of seafastening with a flame cutteay, due to the coarse cut, result in restraimfigcts. It is
recommended that the cut is performed at an aridl® ©15 degrees minimum (to the vertical) or thath piece is
removed using two parallel cuts.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
2.3.6.2 Rotational restraint, at single support points, migdule footings, shall be avoided.

2.3.6.3 It should be thoroughly verified (by dedicated penrsel) that the cutting is complete before thelfina
‘go-ahead’ for lifting is given.
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Guidance note:
It should also be ensured that the crane operéatairoup-to-date load information to be able tqdift during lift-
off phase, in case seafastening not completelpffut

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

2.3.6.4 Cutlines should be marked on the seafasteningvarazs.

Guidance note 1:
Cut lines to be decided with due considerationvmichdamage to the structure and its surface ptiotec

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
Guidance note 2:
To avoid damaging the barge deck and provide ffr @ad easy handling, considerations should be nmdeoid

large pieces of loose seafastening debris. Seafagt®f large loose seafastening or grillage debfier lift-off
should be considered.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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SECTION 3 LOADS

3.1 Basic loads
3.1.1 Weight and centre of gravity

3.1.1.1 The object weight (W) as lifted should be the chemastic weight defined in DNV-0S-H102, Sec. 3C
100.

3.1.1.2 Inaccuracies in CoG position should be considecedraling to the principles in DNV-OS-H102, Sec.
3C 200.

Guidance note 1:

Geometry changes due to CoG uncertainties maynmonventional rigging arrangements (e.g. for twosme sling
riggings) influence the design loads (e.g. outdafip loads on lift points). The effect of geomeathanges shall in
these cases also be considered.

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

Guidance note 2:

To simplify the design and procurement of liftingugment, lifting points etc. a sling load inacaydactor, based
on the weight inaccuracy and CoG envelope studpiea used; the assumptions used to derive thisifanust be
confirmed.

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

3.1.2 Weight of rigging

3.1.2.1 The weight of rigging (W) is the total weight of the rigging arrangemer#, equipment such as
shackles, slings, spreader bars or frames, etc.
3.1.2.2 Hook, block and hoist line weights do not needeabnsidered as a part of;yv

Guidance note:
This is most relevant for cranes with several guegigging configurations typically for onshoreaerer cranes.

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

3.1.2.3 W,y should be included in the applied crane load,dmgs not need to be considered for elements
below eac'h part of the rigging.

3.1.3 Special loads

3.1.3.1 When appropriate, allowances for special loads §SfPould be made. Special loads may include
tugger line loads, guide loads, wind loads, hydnaahgic and hydrostatic loads, etc.

3.2 Dynamic loads
3.2.1 Dynamic effects

3.2.1.1 All lifts are exposed to dynamic effects due toiaon in hoisting speeds, crane and vessel mations
cargo barge movements, object movements etc.

3.2.1.2 The effect of global dynamics will be significanthfluenced by parameters such as:

— environmental conditions

— rigging arrangement

— type of crane vessel

— stiffness of crane-boom and lifting appliances

— type of cargo vessel

— weight of lifted object

— lifting procedure

— whether the lift takes place in air, in water loraugh both.

Global dynamic loads should be calculated with cesideration given to these and other parametdrsie
identified and as applicable. See dI3@.2].

3.2.1.3 Dynamic effects during lifting onto a floating dfisre structure or vessel should be specially
considered. See DNV-RP-H102, Section 3.3.4 for gjinds.

3.2.1.4 For lifts through water special investigations dddae made in each case, taking proper accouhteof t

DET NORSKE VERITASAS



Offshore Standard DNV-OS-H205, April 2014
Sec.3 Loads — Page 17

hydrostatic and hydrodynamic effects, during atical phases of the lift, see DNV-0S-H206 and DIR¥-
H103.
Guidance note:
For lifting in water, additional local dynamic efts may govern the design of lifting equipment edaets. Such effect
could be local sling dynamics due to motion of dbgect initiated by waves.

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

3.2.2 Dynamic amplification factor
3.2.2.1 The global dynamic load effects may be accountetyaising a dynamic amplification factor (DAF).

3.2.2.2 The DAF should for major offshore lifts be estaldid on the basis of a dynamic analysis, considering
the effects irf3.2.1].

3.2.2.3 Environmental design conditions applied in the dyitaanalysis should be duly reflected in the
operations manual, see also DNV-OS-H101, Sectian 4B

3.2.2.4 In lieu of more refined analyses, the values foven inTable 3-1may be considered as minimum
factors for lifts in air, provided the lifting opetion will not take place under adverse conditions.

Guidance note 1:

The dynamic amplification factors rable 3-lare indicated for the following lift types:

a) Onshore = Quay and yard crane lifts from/to bigtgp moored along quay.
b) Inshore = Lift with crane vessel from/to barg@ish sheltered waters.

c) Offshore = Lift with crane vessel or platform weafrom barge/ship (supply vessel) to a fixed platf. See
[3.2.1.3]for lift to a barge/ship.

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

Guidance note 2:

The definition of adverse conditions depends oritheonfiguration and should normally be defined the basis of
analysis - se3.2.2.2] For offshore lifts with SHL> 100 tonnes, the following could be used as generajh
guidance:

a) Significant swell (i.e. swell with a period anéidht creating significant crane vessel motionse,sg[2.3.4.1]
GN1).

b) For lifts not involving ballasting of crane velssduring lift-off, waves with (Hs) > 2-2.5m.

c) For lifts involving ballasting of crane vesselgidg lift-off, waves with (Hs) > 1-1.5m

For offshore lifts with SHL < 100 tonnes the follmg could be used as general guidance:

a) Waves with Hs > 2.5-3.5m (highest value for sr8&lL).
b) Swell/waves that are creating significant motiohtghe crane vessel.

For lifts from small vessels, say with length léssn 80m, lesser wave limits should be considered.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

Guidance note 3:

For offshore lifting from deck of SSCV’s to a fix@thtform, the DAF for inshore lifts ilable 3-1may normally be
used. Also for lifts from own deck with mono hutboe vessels (e.g. for the lifting in air phassubsea lifts) the
inshore factors may be considered applicable fishofe lifts. Note that the DAF should not be taless than (1.5a
+ g)/g, where “a” is the maximum expected/calcudateane tip acceleration due to crane vessel motiorthe

limiting wave conditions for the lift. Normally @ugh estimate of “a” based on maximum crane tiicedrmovement
and associated period will suffice to document thgguirement.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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Table 3-1 Dynamic Amplification Factors)

SHL (Static Hook Load) |DAF Onshore DAF Inshore DAF Offshore
32-100t 1.10 1.07 + 0.05,/100/SHL 1+ 0.25,/100/SHL
100 - 300 t 1.05 1.12 1.25
300 - 1000 t 1.05 1.10 1.20
1000 - 2500 t 1.03 1.08 1.15
> 2500 t 1.03 1.05 1.10

1) See Guidance Notes[i3.2.2.4]

2) For objects weighing less than 3 tonnes it ism@mended to assume an object weight of 3 tonnesisathis
throughout the calculations.

3) Se€d6.2.3.2]for recommendations to moving cranes onshore.

3.3 Skew loads
3.3.1 General

3.3.1.1 Skew loads are additional loading caused by equipifabrication tolerances and other uncertainties
with respect to asymmetry and associated forceildligion in the rigging arrangement.

Guidance note:

Effects that may cause skew loads are:

— sling length inaccuracies

— fabrication tolerances of lift points
— deflections of lifted object

— crane hook geometry

— multi hook lifting

— doubled slings

— difference in sling elongations.

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

3.3.1.2 The lifting procedure shall be carefully evaluafedthe potential occurrence of skew load effects,
other than those mentiongl3.1.1]GN.

3.3.1.3 For rigging configurations involving slings from meothan 4 lift points converging on a single hook,
skew load effects shall be calculated on a casabg basis.

3.3.1.4 Skew load effects shall be considered as outlindbe sub-sections below.
3.3.2 Sling tolerance effects

3.3.2.1 The effects of sling length tolerances are depenotethe fabrication tolerance of slings and Idtrds,
the rigging geometry, sling characteristics andutilesation of the slings. The effects may be aoted for by
a factor SKlg;.

Guidance note:

In general SKJ; should be calculated for each lift rigging, howefa some typical rigging configurations, the
standard SKL; indicated in[3.3.2.3] [3.2.2.4] [3.3.2.5] or [3.3.2.6] may be applied. Note that the indicated
assumptions should be fulfilled. SKlfor 4 point symmetric lift riggings may also bdadated in accordance with
App.A. App.A includes also some background for the §Kactors in this sub-section.

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

3.3.2.2 The SKLg, should always be calculated in the following cases

— The slings or lift points have excessive fabrigatiolerances.

— The rigging has an unusual geometry, e.g. smadhsbpening angles, more than 4 slings and/or no
symmetry. See also 3.3.2.3 GN.

— Not any of the standard SKLsl indicated®3.2.3] [3.2.2.4] [3.3.2.5]or [3.3.2.6]are applicable.

3.3.2.3 For statically determinate rigging arrangementsh(wi without spreader bar) with typical geometry
and sling lengths within tolerances08.5% of their nominal length, a SKlof 1.0 may be applied. The effect
of tolerances on rigging geometry and sling loadridiution should otherwise be considered.
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Guidance note:

By typical geometry, it is meant that all sling®(i2 or 3 for statically determinate configuratipparry a significant
part of the load and that the angle(s) betweershngs is (are) more than 30 degrees. For 3 afidglarangements,
it is normally assumed that the sling angles ateréen 45 and 70 degrees with the horizontal.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
3.3.2.4 For four points lifting with ‘floating’ spreader ma SKLg of 1.1 is acceptable, on the assumption that
the following conditions are fulfilled:
a) An approximately symmetric rigging geometry igised.
b) The sling lengths are within0.5% of their nominal length.
c) The calculated axial load in the spreader bat isast 15% of the sling load.

Guidance note 1:

‘Floating’ spreader bars, as defined in this stathdare used between two slings in a conventiorsding rigging.
The ‘floating’ spreader bars are connected to awly slings in each end. The four slings (two eact)eand the
spreader bar will form one plane.

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

Guidance note 2:

If the stated conditions are not met the $Kdhould normally be found by calculation. Howewggnerally if the
length tolerance is stricter than stated the mimmnaxial load requirement in the spreader bars cbelctlaxed.

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

3.3.2.5For statically indeterminate 4 point lifts usingbte laid slings or grommetsa SKLg; of 1.25 is
normally acceptable, subject to the following caiodis:

a) The total deviation in length between both diadems maximum 0.5% of the nominal length. Note tha
the manufacturing tolerance needed to satisfyrédgairement is quite strict, s&1.7]for guidance. See
also[3.3.2.6]GN.

b) Sling/grommet elastic modulussE20 000MPa, see al$d.1.7.5]andApp.A.

c) The applied slings/grommets have no significaviaions in characteristics (construction, dimensnd
condition/age/earlier use).

d) An approximately symmetric rigging geometry ispligd and the slings angle#)(are maximum 60
degrees with the horizontal.

e) The sling/grommet DF 5.0. DF = MBL / (DHL /4/sirf), For MBL sed4.1.3]and for DHL se¢3.4.2].

Guidance note:

If the stated conditions are not met the SKdhould normally be found by calculation. Howevierthe length
tolerance is stricter than stated, the maximumtgdéetor and sling angle requirements could baxed.

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

3.3.2.6 For statically indeterminate 4 points lifts usingrevrope slings or grommets, the SKlcould be
selected according fbable 3-2

Table 3-2 SKLg, for Wire Rope Slings & Grommets

SKL | Associated |Assumptions as defined[®.3.2.5] valid (Yes) or modified as indicated below.
diagonal load
Distribution
a) b) c) d) e)

1.25 5/8 — 3/8 Max. 0.3% E 70 000MPa Yes Yes (60 deg.) .0
1.33 2/3-1/3 Max. 0.3% Ang. < 70 deg. D 5.0
15 3/4 - 1/4 Yes (0.5%) Yes (60 deg.) Dk 5.2
1.6 4/5-1/5 Yes (0.5%) Ang. < 70 deg. DF< 5.6

Guidance note:

In order to ensure maximum 0.3% deviation on tl@alhals the sling length tolerance needs to b sgt 0.15%
for slings that are not interchangeable and theplifint fabrication tolerances have to be insiguaifit. Hence,
symmetric (preferably double symmetric) interchaaige rigging is recommended.

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

3.3.3.11t is normally acceptable to assume that the liftdject has infinite stiffness for the purpose of
calculating nominal sling loads and skew load affethis in most cases will be conservative. Howgesee
[3.3.3.2]

Guidance note:

Deflections of the lifted object could also redibe SKL, effects significantly and could be considered veven
found relevant. Note also that the SKL factorg3i3.2.5]and[3.3.2.6]have been calculated considering some object
deflection. See als@pp.A.

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

3.3.3.2 For some lifts with a statically indeterminate figg system, object deflections could influence the
sling load distribution considerably. In these caisés normally required to carry out structuralatlations,
with due consideration given to the stiffness ahlxigging and lifted object.

Guidance note:

Typical examples include:

— Slender objects e.g. spool pieces.

— Asymmetrically loaded objects with limited torsairstiffness, e.g. non-clad frames or modules Etdkid-type
‘pancakes’.

— Lifts involving more than 4 lift points.

All possible combinations of maximum and minimumngllengths should be included in the model, eygafplying
temperature elements, in order to find the skew kféects.

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

3.3.4 Crane hook geometry

3.3.4.1 The crane hook geometry will influence the theaadtsling angles, lengths and loads. This should be
considered.

3.3.4.2 The minimum hook prong radius in way of the slirgfuld be included in the hook technical
documentation.

3.3.4.3 Two (2) prong or asymmetric four (4) prong hooksymaduce the skew load in four (4) sling lifts as
the hook may rotate. This may be considered in dkead calculations.

Guidance note:

A rotation of these hooks will in a horizontal projion reduce the length of one diagonal by thastimg-hook-sling
projected line is getting more close to a straligiet The angles in the other sling-hook-sling pobgd line get greater
and this line length hence increase.

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

3.3.5 Skew loads for two-hook lifts

3.3.5.1 Skew load effects associated with the use of nfualtik lifts shall be considered, in addition to skew
load effects for rigging at each hook.

Guidance note:

The effect of any CoG position within the definet/elope and the effect of tilt and yaw shall besidered for multi
hook lifts. The yaw and tilt effects may resultrfraleviations of the hooks from their ideal, relatpositions. The
magnitude of this deviation will depend on whettier two cranes are on the same or separate vebeelsssel's
motion response, and the lifting procedure.

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

3.3.5.2 The yaw effect factor SK|. accounts for increased sling loading due to imtabf the object about a
vertical axis; a yaw effect factor of 1.05 is notipaufficient. For lifts with small sling openingngles at the
hooks and/or significant wind/tugger line loadsreager yaw effect factor may be applicable.

3.3.5.3 A tilt effect factor SKL, shall be calculated to account for the increasled) loading caused by
rotation of the object about a horizontal axis #mel effect of out-of-plumb hoist lines. The tilfext factor
should be based on possible tilt caused by maximmook height tolerances and hoist line deviatioomfthe
vertical.

Guidance note:

For lifting with crane vessels the tilt effect factmay normally be calculated for a tilt of 3° whie hooks (cranes)
are on the same vessel and for a tilt of 5° wherctanes are on separate vessels (hoist line eulthofb included).
Alternatively a maximum possible deviation in hob&ights could be defined/documented/controlled 8Kd;
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calculated accordingly. Normally maximum +/- 1.0o0k height difference needs to be used for multikhiifting
with the cranes on the same vessel.

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

3.3.6 Skew loads for multi-hook lifts

3.3.6.1 For lifts involving more than two hooks, the maximmuariation in load distribution between the hooks
shall be specially considered.

Guidance note 1:
For statically determinate configurations the véoia could be found as indicated [8.3.5.3] Tilt of object in two
directions may be applicable.

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

Guidance note 2:
For statically indeterminate configurations theiaon will depend on the following two main facsor

— Control of relative hook heights (and hook load).
— Stiffness of the system, i.e. object, rigging anahes (relative stiffness between hooks).

Subject to the below listed conditions a factol df (+/- 10% variation in hook loads) is normaliycaptable:
— A proper operational procedure describing howaotml the hook loads throughout the lifting op&rat
— Onshore or inshore lifting.

— Hook elevations can be shown to be accuratelyiddally controlled from one location.

— All crane hook loads are continuously monitoreatfrone location.

— Limited (i.e. < 2 deg.) tilt of object in any daton will not significantly influence the hook lda.

— The cranes are fairly highly utilized (i.e. norfgadbject weight/crane capacity > 50%).

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

3.3.7 Double slings

3.3.7.1 For doubled slings, e.g. both eyes connected te didtimg point, uneven loading on each part can
occur and should be considered in the design.

Guidance note:

Equal loading on each part can be considered falisingle hook lifts where the slings are allovteddjust during

a “slow” tensioning phase and do not involve upegdilting (i.e. no rotation of the slings overiged trunnion or

similar after the slings are loaded will occur)islassumed that each part has the same axialest#ff For lifts with

rapid tensioning of the slings a 45:55% distribatahould be assumed.

For lifts that do involve upending/tilting or diffent axial stiffness of each part, the effect oéwen distribution

between the sling parts should be considered, asguanmaximum possible sling friction coefficieritthe hook,

trunnion, shackle etc. Friction coefficient valdess than 0.13 for well-greased steel slings shbaldocumented.
For slings with a dry surface higher friction caeiint values should be considered. For a 180 degpatact area
and a friction coefficient of 0.13, the load dibtriion will theoretically be 40:60%.

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

3.3.7.2When using doubled-doubled slings/grommets in teofna defined distribution (e.g. 45:55), this
effect shall be doubled (i.e. 0.55.55 if a 45:55 distribution is defined), wheneatetining the highest sling
load.

3.3.7.3If the doubled sling consists of two parallel sBnghe load distribution should be calculated
considering the maximum sling length difference arakimum sling modulus (E).

3.3.8 Tilt of lifted object — single hook lift

3.3.8.1 Object tilt (due to CoG position and/or imposed ibomtal loads) will influence the sling load
distribution for most rigging configurations. Th#feet of tilt should be considered in the load cddtions
where relevant.

Guidance note:
Where calculated maximum tilt is less than 2% mérmally not necessary to consider related effedhe sling load
calculations.

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

3.3.8.2If the object’s lift points are at different eleiats it shall be ensured that this has been propeakkn
into account in the tilt (and sling force) calcidats.

3.3.8.3 Variable sling elongation, sling length and liftipibfabrication tolerances could increase objdtt ti
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Where lifting points are located below the vertiCalG of the object, forces in the most utilisedgsi will tend
to increase due to sling elongation; in this catector SKL,, should be estimated.

3.4 Loadcases and analysis of forces
3.4.1 General

3.4.1.1 Lifts shall be analysed for all relevant loadcasesrder to define the maximum characteristic bad
on the crane, rigging and the lifted object.
Guidance note:

Lifting operations cannot be represented by a simgdll defined loadcase, but rather a sequencéfefeht/critical
ones. Uncertainties with respect to for examplerimdl force distribution, skew loads, dynamic effepossible
accidental loads, etc. introduce further complesitiThe entire lifting operation should be consdesequentially
and the most critical loadcase for each specifimber/element should be identified. For most coneeat lifts
however, the entire sequence is adequately coumrdte basic loadcases described3m.2] and the additional
loadcases described[i3.4.3].

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

3.4.1.2 For lifting operations involving pivoting and/or epding manoeuvres, an adequate number of steps
shall be analysed to ensure that the critical lagdts for all members are identified.

Guidance note:

For some stages of the upending considerationlpfeoiew degrees between each step may be neceasaaximum
of 15 degrees between each step should normatylbpted

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

3.4.1.3 Special considerations will be necessary for Igftoperations in water, guidelines for which areegiv
in DNV-OS-H206.

3.4.2 Basic loadcase and force distribution

3.4.2.1 For single hook lifts, the dynamic hook load ismatly expressed as:
DHL = DAF (W + W) + F(SPL)

where:

DHL = Dynamic hook load.

DAF = Dynamic amplification factor, sd8.2.2].
W = Object weight, se8.1.1.1]

W, = Rigging weight, sef8.1.2].

SPL = Special loads, sé&1.3]
F(SPL) =Additional hook load due to SPL.

3.4.2.2 For two hook lifts, the dynamic hook load for eddok (DHL;) is normally expressed as:
DHL; = DAF ((acoc* SKLyx W) + Wigi) + F(SPL)
where:

O0coc = Maximum theoretical part of total load at hookwiith CoG in extreme position.
SKL; = Factor expressing the increase in hook load G tb tilting of the object.

3.4.2.3 The basic loadcase for a given lift could normakycalculated as a (quasi) static loadcase by egply
DHL at the hook position, and distributing weightlaany special loads to each element; howeve|[3s&8].

3.4.2.41n order to find maximum dynamic forces in eachmaat (e.g. sling, lift points, supporting strucfuyre
the sling forces found in the basic loadcase (atingrto[3.4.2.3) should be adjusted considering all relevant
skew load effects as described3m3].

Guidance note:

Skew load effects will tend to increase forcesams slings, whilst reducing forces in others. liyrba necessary to
define various loadcases in order to address aHipte combinations of sling loads.

For a conventional four sling lift, the following/d (skew) load cases should normally be considered:

1) The force distribution calculated according[3c4.2.3] modified by multiplying the forces in two diagdiya
opposite slings with the skew load factor. The égrin the remaining two slings should be determimefjuasi)
static equilibrium.

2) As 1 above but with the skew load applied ondtier pair of slings.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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3.4.2.5 Maximum dynamic forces calculated accordinddd.2.4]are the design forces for slings/grommets
and shackles. This force is for each sling defia®eing.

3.4.2.6 For structural components, the maximum dynamic giegorce should be calculated using the
characteristic forces calculated accordin{Btd.2.4]with appropriate design factors defined5ril].

3.4.2.7 If tugger lines are attached to the lifted objettachment points should normally have a documented
ultimate structural strength (minimum breaking [p#mht is minimum 1.3 times the maximum load whieim
be imposed by the tugger lines.

Guidance note:

Tugger lines should where possible be equipped withad limiting device or be arranged in a wayvpreing
overloading the tugger line arrangement.

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

3.4.3 Additional loadcases

3.4.3.1 Members which may be exposed to loads not adequatkiressed ifi3.4.2] should be identified;
relevant design loads should be established aculydi

3.4.3.2 Loads due to rotation of an object in slings whited shall be considered in loadcases for liffmints
and lifting equipment. Sg8.3.5].

3.4.3.3 If slings/grommets could be (are) transferring ladddditional locations other than the lift pojresy.
due to tilt of the object, the corresponding forskeuld be considered in the design.

3.4.3.4 Local lateral forces and moments shall be consitléwe the purposes of designing lift points and
lifting equipment, with due consideration givenrtative sling/lift point positions and angles, rimaMm
fabrication tolerances and object tilt.

Guidance note:

In the absence of a detailed study and assumingrmuin anticipated relative deviations, it is norngabequate to
consider a lateral load, acting simultaneously whhin-plane load, of 3.0% of the maximum slingcén The lateral
load should be applied at the point of action, atghe shackle bow (see sketctpp.B) or at the trunnion stopper
plate, etc.

If the out-of-plane load has been calculated basedctual tolerances/measurements it is normallyretuired to
add the 3% load. Further guidance regarding ouglarfie load calculations can be found in DNV 2.58¢.3.5.5.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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SECTION 4 LIFTING EQUIPMENT

4.1 Slings and grommets
4.1.1 General
4.1.1.1 This section covers slings and grommets manufagtaceording to a recognised code/method.

4.1.1.2 For deep water installation lifts and abandonmert eecovery (A&R) operations using traction
winches and very long ropes, reference is madeNg-0DS-H206.

4.1.2 Materials and construction

4.1.2.1 Lifting slings and grommets can be manufacturedgisteel, polyester, high-modulus polyethylene
(HMPE), aramid or other synthetic fibre materidlse quality and performance characteristics ofnaterials
used shall be adequate and documented.

4.1.2.2 Since the failure modes for different sling / groatrmaterials vary, different safety factors shdagd
applied.

4.1.2.3 The construction of slings and grommets shall lexjadte for the designated use.

Guidance note:

Guidance can be found in various codes from IMGZQ land EN. Steel slings or grommets may be coristidcom
a single wire rope, or multiple wire ropes (calaigl). See e.g. IMCA M 179, ISO 2408 and EN 1238b6¢4urther
information.

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

4.1.3 Minimum breaking load of steel wire rope

4.1.3.1 The minimum breaking load (MBL) of steel wire-roglexgs and grommets shall be documented (and
certified) in accordance with a recognized standBracumentation should clearly indicate how thdesta
MBL has been determined.

Guidance note 1:

Ideally, the MBL for wire rope should be determirtedpulling a complete rope to destruction. If adztg facilities
are not available for such testing, the rope MBbawsti be established in accordance with a recogratatiard. For
grommets, strength of the core element should adhbluded when calculating the MBL. When fabringtsteel
slings from several individual ropes, the total MBhould normally be taken as the sum of the umer®BL's,

divided by a sling spinning loss factor of 1.18.

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

Guidance note 2:

It is assumed that the MBL for steel slings/gronsnespecified without possible reductions dueni @nnections,
see[4.1.5.5]

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

4.1.4 Minimum breaking load of fibre rope
4.1.4.1 MBL for fibre slings and grommets should be esttidd on the basis of destructive tests, using
complete rope specimens.

Guidance note 1:

It is normally acceptable to define the MBL as theest value of three tests (see also DNV-OS-E308)yvever
defining the MBL based on thé"%ercentile of results is recommended. See DNV-Q84KSec. 5 A500.

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

Guidance note 2:

For large slings where destructive testing of weglecimens is not possible, an alternative metfi@btablishing
the MBL may be deemed acceptable in the certibicapirocess.

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

Guidance note 3:

Fibre slings may be subjected to a bedding in ghaeeof 10 cycles to 30% MBL before testing to destton.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

4.1.4.2 For the purposes of testing, the eye of the slmagl e bent around the minimum permissible eye
bending diameter during normal use; the minimumteyed diameter should be marked on the ID tag.
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Guidance note:

The minimum bending diameter could be specifiethercertificate/data book only, but in this caselh tag should
include a reference to restrictions/limitationstbe certificate/data book.

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

4.1.4.3If any parts of a fibre sling, other than the eyei, be bent during normal use, such bending sthoul
be included during MBL testing.

4.1.4.4 For the purposes of testing, grommets shall be denind the minimum permissible bending diameter
during normal use; the minimum bend diameter shbeldharked on the ID tag.

4.1.4.5 For fibre slings and grommets the maximum and mimmoperating temperature shall be defined and
clearly specified.

4.1.4.6 All relevant possible failure modes such as cregqgss rupture, overloading or abrasion, shall be
identified, and the avoidance of these failure nscgteall be ensured by defining the requirementealition
management and discard.

Guidance note:

The condition management includes procedures fadlivey and storage. Discard criteria should be bdistzed
considering the worst possible combination of terapee (se¢4.1.4.5) and loading. It should normally be indicated
on the ID tag. The slings and grommets should biiee (surveyed) according to the discard critgniaor to each
lift. Slings not meeting the criteria should beddisled and it is recommended that these slingstarscally marked
(e.g. cut in two) to avoid any possibility of reeus

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

4.1.4.7 Fibre slings should normally be proof load testetbbe being used for the first time. The proof load
for fibre slings should be18 SWL, with SWL = MBlLgjing/ J&r For j5s seef4.1.5.1]

Guidance note:

For products that are certified according to thagiples in DNV-OS-E303 it may be agreed to disrdghe proof
loading requirement.

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

4.1.5 Nominal safety factor

4.1.5.1 The nominal safety factor for slings and grommgtsshould be taken as the greatest of the following
products of partial factors:

Yot = K Yo & Kv YmMw
Vet = 2.3% Ky Mw
Seeg4.1.5.3]through[4.1.5.13]for definitions of the partial safety factors.

4.1.5.2 Calculated maximum dynamic sling loag);fg, se€[3.4.2.5] should fulfil the equation below.

M BI‘Sling
ysf

F

ding

4.1.5.3 4 : Load factor = 1.3

Guidance note:
A reduced factor may be found applicable in sonsesae.g.:

— For lifts with load factor 1.2, s¢6.1.2.3](GN) and where all (skew) load effects have bexmitely calculated
J = 1.2 may be used.

— If accurate calculations in accordance with thterahtive method if5.1.3] are undertaken, the factor may be
taken as the greater of (%P and Q-Loads3 + %E-loadx 0.7) and (%P and Q-Loadsl.0 + %E-loads 1.3).

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

4.1.5.4 y. : Consequence factor = 1.3

Guidance note:

If single sling failure does not result in totas$ or the consequences of sling failure may bardegl as negligible,
a lower factor may be applied. See also DNV-OS-H20&ubsea applications.

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

4.1.5.5 Reduction factoy, due to the end termination of slings and wire sogigall be documented.
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Guidance note:

The following minimum factors should normally beoated (note that EN 13411 formally covers slingmigers up
to 60 mm only):

— Hand spliced according to EN 13411y2= 1.25

— Ferrules and ferrule-securing according to EN 1331y, = 1.12

— Metal and resin socketing according to EN 1341J4:1.0 (note - normally not recommended for liftgigngs)
— Cable laid slings spliced as described in IMCA K8 1sed4.1.7.1} )= 1.33

— Fibre slings shall be tested with the actual teation, hencgg = 1.0.

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

4.1.5.6 Reduction factoy, due to bending, for steel wire slings and gromrsbtaild be taken as:
W = 1/(1-0.5/(D/d§-5)

where:

D = diameter of bend (if D is varying, the minimutiameter should be used, see 8d.4.2)

d = nominal diameter of sling or single part cdbid grommet.

4.1.5.7 Reduction factow, for fibre slings may be taken as 1.0. The benthdiar for fibre slings shall not be
less than minimum bend diameter specified by thedator and as used in the testing for sling MBL.
Guidance note:
See[4.1.4.2] GN. A bend diameter less than specified may beidened acceptable if a conservatpgefactor is
applied and documented. In no case should D/d < 1.

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

4.1.5.8 Resulting reduction factgf due to end termination or bending should be takpral to the greatest of
¥s and .
4.1.5.9 Wear and application factgg, = 1.0 for steel slings, with material factor aatiog to[4.1.5.10]and
inspection requirements according|401.9]. For frequently used slings without thorough irgjmn before
each lifty, = 1.10 is normally required.

Guidance note:

For jacketed fibre slings this factor can be takei.0, unless the jacket is damaged in such vedytth load bearing
fibres may have been affected or could be affestazh the sling is used, in which cases the slingkhbe discarded.
For unjacketed fibre slings the appropriate weetdfaneeds to be evaluated on a case by case basis.

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

4.1.5.10 The material factory,) should be taken as minimum 1.5 for steel wireerslings certified according
to[4.1.8.1]

Guidance note:
For as-new slings with adequate 3rd party certifica sed4.1.8.1]- the material factornfn) may be reduced to 1.35.

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

4.1.5.11 For lifting with fibre slings the material factog() will depend on the material type and relevant
failure mode. The following minimum factors are givin DNV-OS-H102:

Polyester " ¥n=1.65
HMPE and Aramid : }#,=2.0
Other fibre materials : y;, = 2.

Guidance note:

For fibre slings subject to a robust certificatmncess, other material factors may be consideregpgable; however,
Y should not be less than 1.65.

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

4.1.5.12 Discard criteria shall be established and cleatdyesl on the sling label and certificate - see also
[4.1.4.6]

Guidance note:

The discard criteria could be specified on theifieaite/data book only, but in this case the ID saguld include a
clear reference to the discard criteria on thefezate/data book.

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

4.1.5.13If there is any risk of twisting a fibre liftinges e.g[4.1.6.6] a twist reduction factog,, shall be applied.
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4.1.6 Practical use

4.1.6.1 It shall be ensured that slings/grommets are ptppandled and installed to allow for a safe hook-o
and tensioning. See algd.3.4.3]and[5.1.8].
Guidance note:
Slings should be handled in the fabrication yarstiitt accordance with agreed procedures, in daprevent sling
damage during handling of slings.

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

4.1.6.2 The eye of a single part steel wire-rope sling &thaot be bent around a diameter less than themedmi
diameter of the cable laid rope from which it isnfieed.
Guidance note:

In order to maintain the sling eye in good conditibis recommended not to bend the sling eye ateudiameter
less than two times the sling diameter. If thegséye for some reason is bent around a diametettaa the nominal
diameter a reduction in the sling capacity, [ge&.5.6] needs to be considered. As the eye has two ldgdending

reduction greater than 50% according to the equnatipd.1.5.6]actually reduces the sling capacity.

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

4.1.6.3 In order to maintain steel wire-rope slings andngmeets in good condition no other parts should be
bent around a diameter less than 4 times the ndufienaeter of the cable laid rope. A reductionief tapacity
due to bending should nevertheless be considezef4.4.5.1]

4.1.6.4 Bendingin way of splices should be avoided unless othensjscified by the sling manufacturer.

Guidance note:
Several suppliers of braided fibre rope grommeatemenend placing the splice on the hook or shat&lensure even
load distribution.

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

4.1.6.5 Bending in way of grommet butt and tuck locatiohalkbe avoided. Both locations shall be marked.

4.1.6.6 Sling lay-down arrangements should be carefullysatered to avoid the possibility of twisting during
rigging and tensioning. The slings should be cleararked, preferably with longitudinal paint margn

4.1.6.7 If there is a possibility that the fibre sling mayist in use, an appropriate and approved twigibfac
must be applied. The twist reduction factgy shall be determined by testing and the correspondi
permissible number of turns established.

4.1.6.8 Due considerations to avoid connecting right aftchiend laid ropes shall be made when severalsling
are connected together. Torque neutral slings dictpbraided may be connected together, but ndt rght
or left hand laid ropes.

4.1.6.9 If lifting with a single sling located between tlifeed object and crane hook, possible rotationsitbfer
hook (due to swivel arrangements in hook) or olgéet| be restrained.

4.1.6.10For lifting with fibre slings, rigging design anift procedure shall thoroughly consider and prevent
the possibilities for mechanical damages (e.giraytir abrasion) and sliding of the sling relatigethe lifted
object. The possibility for abrasion or damage tuglongation of the sling during loading shalldemsidered.
Avoid folding, bunching and pinching when connegtfibre slings to shackles or other rigging compuse

4.1.7 Manufacturing and tolerances

4.1.7.1 The manufacturing of slings and grommets shoulgdréormed by a recognised manufacturer. The
rope construction should be well suited for thenmated use and comply with recognised codes or atdsd

Guidance note:

Examples of recognised codes are DNV 2.22, ISO 24@BEN 13414-1. For heavy cable laid ropes IMCATS
applies.

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

4.1.7.2 Sling eye length should be no shorter than spektifiethe manufacturer or less than 10 times the rop
diameter.
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Guidance note:

The above requirement to 10 times rope diametbased on a bolt/hook diameter of maximum 3 timesrdpe
diameter. If minimum eye sling length is definedthg manufacturer he also needs to specify theegponding
maximum bolt/hook diameter.

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

4.1.7.3 Lengths and tolerances of cable laid steel sliggesmmets or fibre slings should be adequately
specified in order to fulfil the assumptions foe thpplied SKL;, se€3.3.2].

Guidance note:

The standard length tolerances for slings and grersnspecified in recognized codes may differ frdme t
assumptions iffi3.3.2]. It should also be noted that it is the actudiedénces in sling length under lift load that are
important for the SK. The stiffness (E) will influence the under lifidd sling lengths, sefpp.A.

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

4.1.7.4 The length of slings and grommets should be docteadny adequate measurements.

Guidance note:

During measuring, slings or grommets should beyfallpported and adequately tensioned. The tensiounld be
agreed with the manufacturer and normally be miminioi the range of 2.5 - 5.0 per cent of MBL foredtslings.
Matching slings should be measured with the samsiléeload and under similar conditions. The temsiad the
bending diameter during length measurements shmgpecified on the test certificate. If needed[44.7.5]GN,

the lengths should be measured at adequate terisiestablish the elastic modulus (E).

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

4.1.7.5The modulus of elasticity (E) of slings and gromsnetsed in an indeterminate lift rigging
configuration should be indicated.

Guidance note:

E should at least be specified for sling/grommatling close to SWL. The indicated E could be basedtandard
values if these are considered reliable/consemwakor sling/grommet types where no reliable stechdalues are
available, E should be based on measurements.bi.mcluding length measurements, §éel.7.4] GN, with
tensions around the SWL. The required documentatiaghe indicated E should reflect the criticalitf/the applied
SKLg;.

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

4.1.8 Certification of slings

4.1.8.1 For wire rope used for slings and grommets a Mariufars Certificate corresponding to the
requirements in EN 10204, type 3.1 (or type 3.2usthbe provided. For slings or grommets madeas|stire
ropes and used with a material factor of less thar{sed4.1.5.10), a 3.2 certificate (as defined in EN 10204,
issued/endorsed by a recognised Certifying Bodgdgsiired.

Guidance note:
Where 9-part slings are proposed for use in agjfsystem, certification shall be given specialsideration.

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

4.1.8.2 Safety factors and other restrictions or limitaiémposed by other relevant directives/standards in
Declaration of Conformity (if accepted as adequasification) shall be adhered to. However, thesleof
safety shall not be less than stated in this stahda

Guidance note:

European Economic Area (EEA) Statutory Declaratb@onformity (Samsvarserkleering) from the manuifeets
and Certificate of Application (Bruksattest/ILO ifioy from a Competent Person may be acceptable amtheling
certification where applicable.

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

4.1.8.3 All Directives referred to in a Declaration of Confity, together with the standards used, shall be
clearly stated in the Declaration of Conformitybifé rope certification should follow the principlieslicated
in DNV-OS-E303.

4.1.8.4 The sling/grommet certificate should indicate asiaimum:

— unique identification number/s

— name of manufacturer

— date of manufacture

— clearly defined MBL (or CSBL/CGBL)

— diameter and length (nominal and actual/measured)
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— type of construction
— modulus of elasticity (E), if applicable — Sgel.7.5]

4.1.8.5 Additional information for cable laid slings or gnonets include:

— certificate number/s for unit rope (certificatedsbe enclosed)
— MBL of rope
— MBL (or CSBL/CGBL) of sling or grommet.

4.1.8.6 For fibre slings, the following are also relevant:

— minimum bend diameter

— reject criteria

— maximum working temperature and
— applied proof load (if applicable).

4.1.8.7 Each sling or grommet should be clearly identifigth reference to the corresponding certificate.
4.1.9 Inspection

4.1.9.1 All lifting equipment shall be in good conditiondthoroughly inspected before each lift or seriies o
lifts.

4.1.9.2 Slings and grommets shall be regularly inspectednfally at least every 12 months) by a competent
person. Special attention should be given to tmelition of splices and terminations.
Guidance note:

According to NORSOK R-003, Annex H3, the re-cetcation/periodic control should be performed annudlifting
appliances and lifting gear shall be controlledquically by enterprise of competence. As a generia, periodic
control shall be carried out every twelve months, fo later than in the same month one year dfieptevious
control.

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

4.1.9.3 Slings and grommets with:

— apparent damage or deterioration

— indications of previous overloading
— unknown internal condition

— unreliable handling or storage history
— or certification older than 5 years

shall be discarded, or subject for revalidatiomeetification according tf4.1.10]

4.1.9.4 De-rating slings is normally not accepted.

Guidance note:

For steel slings and grommets reject criteria astrtg requirements should comply with the follogvBtandards:
— 1S0O 3108

— 1S0O 4309

— DNV 2.22.

For fibre slings and grommets suitable reject deatshould be applied, sé&1.4.7]and[4.1.5.8]GN.

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

4.1.10 Revalidation of slings and grommets

4.1.10.1Slings and grommets subject to revalidation shalltioroughly inspected and evaluated by a
competent person. Destructive testing and issuahceew certificates shall when required, be doneaby
recognised sling manufacturer and/or Certifying Y3od

4.1.10.2 Revalidation/re-certification procedures should deeording to a recognised code and normally
include the elements indicated in the below GN.

Guidance note:

Slings and grommets subject for revalidation shdngigproperly cleaned. Random opening should béedaout to
check for internal condition and corrosion. The bemof openings is subject to the length of thagslbut as a
minimum the sling should be opened in at leastthiifferent locations.

A rope, or unit ropes of one sling (if cable laid)a series of used slings should be subject tout#a/e testing, if
there are uncertainties with respect to capacifpternal conditions of the series.
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The nominal length of slings as specified in thaiiginal certificates should be verified or re-deténed by
measuring under tension, prior to issuance of neificate. Se¢4.1.7.3]GN for recommended tension.

For heavy slings (normally MBL > 500t) the data/tmmpk for each sling should contain (as a minimtim)following
information;

— all relevant certificates

— handling and storage/conservation procedure
— survey reports, and

— storage history.

Cable laid slings and grommets subject for revéltideshall be thoroughly inspected and evaluated bpmpetent
person from a recognised sling manufacturer ar@éotifying Body.

In addition, the data/log book for each cable Hidg should contain:

— records of previous lifts
— lift weights and preferable loading in each sling
— minimum bend radii.

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

4.1.10.3When cable laid slings are being handled, the ownem appointed representative should witness
the operations; any incidents shall be recordatiéndata/log book for that sling. Special attensbould be
given to incidents resulting in compression loadsplices.

4.2 Shackles
4.2.1 Safe working load

4.2.1.1 The safe working load is generally used as referdacthe strength of shackles. SWL is normally
determined by the Manufacturer or a Certifying Body

4.2.1.2 The shackle allowable dynamic load shall not benadreater than the minimum of:

a) SWLxDAF
b) MBL/3.0
¢) Documented “Proof Loading”, s¢42.3.3]

The acceptance criterion defined in DNV-OS-H10%t8a 5 A400, is fulfilled when the dynamic shackle
load does not exceed the allowable load as defibede.

4.2.1.3 The shackle MBL, normally defined by specifying animum safety factor on SWL, shall be
documented.

4.2.2 Design considerations and practical use

4.2.2.1 Shackles are designed and rated to withstand Igaditine with the plane of the bow, perpendicular
to the pin; other load conditions should normakyavoided.
Guidance note:

Eccentric loading may be acceptable if the shacigmcity is de-rated according to original Manufaet guidelines
and/or calculations. The total pad eye thickneskeahole shall not be less than 75% of the intgavawidth of the
shackle.

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

4.2.2.2 Shackles shall be loaded according to the manuttsuecommendations.

Guidance note:
If no recommendations are available conservatigeraptions should be made. E.g. the following walimally not
be acceptable:

— Multiple slings carried by a single shackle pin.
— Point loading of the shackle pin (without de-rgtthe shackle capacity).

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

4.2.2.3 Shackle dimensions should be selected with duadeagabending radii of slings and grommets, see
[4.1.6.2]and[4.1.6.3]

4.2.2.4 Shackles should not normally be connected togetmmmever shackles connected bow-to-bow is
normally considered acceptable for most shackléisout de-rating of the capacity.
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Guidance note 1:
Wide body shackles should not be connected bowst-mless specifically allowed by the manufacturer.

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

Guidance note 2:

Pin-to-pin connections shall be avoided. Pin-to-boennections may be accepted, if de-rating is clamed
appropriately. It shall be ensured (by use of faareple spacer-plates) that the shackles are clyreetded, see
[4.2.2.1]

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

4.2.2.5 Shackles shall be prevented from accidental opediming all stages of the handling and lifting
operations.

Guidance note:

Shackles should as a minimum have one adequaty saéehanism (e.g. nut), itself protected agaicsidental
release, e.g. split pin/cotter pin; no interacti@tween these mechanisms should exist.

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

4.2.3 Manufacturing and testing

4.2.3.1 Manufacturing and testing of shackles used fonliftshould be carried out in accordance with sound
practice and a recognised code or standard - &be ghackles s¢B.1.5].

4.2.3.2 Material requirements for new shackles should tectordance with the requirements summarised in
DNV 2.22 Ch.2 Sec.1 Table 1-2.
Guidance note:

Shackles not complying with these material requéests may be acceptable, if produced by a recogrssadkle
manufacturer. Old shackles may be considered amlolepon the basis of a review of available infororat
certification and the results from the non- degivgcexamination, see al$é.2.4] and[4.2.5.3]

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

4.2.3.3 Every shackle should be proof load-tested afteridation. The proof load should not be less than
indicated in DNV 2.22:

— 2 x SWL for SWL< 25 tonnes
— 1.22x SWL + 20 tonnes for SWL > 25 tonnes.

Appropriate post-test inspection shall be carried o

Guidance note:
See DNV 2.22 Ch.2 Sec.12.2 for applicable testgmope requirements including to inspection aftstirg.

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

4.2.3.4 A shackle shall not be used if the inspection aftex proof loading reveals any geometrical
deformations, cracks, or other defects.

4.2.4 Inspection

4.2.4.1 Every shackle should be visually inspected befadhdift for indications of abnormal loading, over-
loading, damages or cracks, etc.

4.2.4.2 Shackles that do not fulfil all requirements[#2.5] and/or with indications of abnormal loading,
damages, cracks etc. shall be subject to thoroisgiahinspection, magnetic particle inspection, altichsonic
testing before use.

4.2.5 Certification of shackles

4.2.5.1 A manufacturer’s certificate and proof load cectfie signed by a recognised Certifying Body should
be provided for each shackle.

4.2.5.2 A shackle certificate should normally contain tb#dwing minimum information:

— certificate identification code
— shackle identification code
— MBL

— proof load

— safe working load

— name of manufacturer
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— date of manufacture

— material type

— manufacturing method

— reference code, standard or specification
— date of certification.

4.2.5.3 For shackles accepted without documented mateoplpties complying witf4.2.3.2] the proof load
certificate should not be older than 2 years.

4.2.5.4 Each shackle should be clearly identified with refiee to the corresponding certificate. The safe
working load as specified in the certificate shdoddclearly marked on the shackle.

4.3 Other lifting equipment
4.3.1 General

4.3.1.1 Other lifting equipment is in this standard defireexdall elements transferring loads between th& hoo
and the object lift points; e.g. chains, rings, k&dinks, swivels, sheave blocks, lifting beaneties, specially
fabricated equipment and heave compensators.

Guidance note:
Dedicated lifting equipment may be defined as ‘®ues”, se¢5.1.5].

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
4.3.1.2 Lifting equipment shall be designed, manufactunedi t@sted according to a recognized code for such
equipment.

Guidance note:
For chain slings EN 818 normally applies.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
4.3.1.3 Proof loading of each component should be includetie testing. See DNV 2.22 Ch.2 Sec.12.2 for

applicable test loads and other test requirements.

Guidance note:
For lifting equipment defined as “structures”, $&4..5], test loading may be omitted.

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

4.3.1.4 Lifting equipment shall be delivered with adequeeetification.

Guidance note:

The indicated certificate requirements for slingisackles or structures (as found relevant for yipe of lifting
equipment) could be used as basis to define thguadie certification according to this standard. &se DNV 2.22.

---e-n-d---0f---G-U-i-d-a-n-c-e---n-0-t-e---
4.3.1.5 All standard lifting equipment including chain gjmshall have a proof load certificate.
4.3.2 Safe working load (SWL)
4.3.2.1 SWL should normally be defined in accordance whk fpplicable design code. However, the

achieved safety factor (i.e. documented breakiag/®WL) shall not be less than specified in thasdard.

Guidance note:

The indicated design factors for slings, shacklestouctures (as found relevant for the actual tgpdifting
equipment) could be used as basis to define thereztjminimum safety factor according to this stald

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

4.3.3 External and internal lifting tools
4.3.3.1 Where lifting tools are used as part of a liftimgpagement, the maximum loads imposed on such tools
shall not exceed the stated certified SWL for thad.t

Guidance note 1:

Lifting tool is in this sub-section defined as adhgulic tool that is internally or externally comted to a tubular
receptacle. The receptacle could be a pile or pgsar built lift point.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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Guidance note 2:
The lifting tool may have different WLL (SWL) forevtical and horizontal lifting.

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

4.3.3.2 It shall be ensured that the lifting tool (tubuleekeptacle’s material quality, dimensions and getoyn
are compatible with the tool.

Guidance note:
As a minimum and where relevant, the following dddae checked and documented:

— Steel hardness should be sufficiently low to eesdtequate grip.

— Dimension/s (normally the diameter and wall thieks) is/are within the tool specification.
— No weld seams or other imperfections that coubghggdize the tool functionality.

— The gripping surface should be free for loose, yistase and paint.

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

4.3.3.3 If used, hydraulic systems should be ‘fail-safehature, i.e. in the event of hydraulic power Idks,
tool will continue to transmit normal operating dtsa

4.3.3.4 Relevant test certificates shall be issued or esetbby a body approved by an IACS member.

4.3.3.5 Operating and monitoring procedures should be aategiw ensure the prevention of all critical and
foreseeable operational errors.

Guidance note:

External and internal hydraulic lifting tools shddlave:

— aremote monitoring system close to/visible frdma trane driver’'s cab

— a pressure gauge (or indicator) in the systemysigpwhen the tool is closed or open

— a duplicate pressure gauge (or indicator), asechksssafely possible to the tool to avoid influenicepressure

reading
— asecondary method of release in the event ofawidrsystem failure.

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

4.3.3.6 Automatic lifting tools shall incorporate systents d¢ontrol the stress in lifted items, to prevent
excessive local over-stress. Redundant and medid@ick-up systems must be in place, in case oépmss.

DET NORSKE VERITASAS



Offshore Standard DNV-OS-H205, April 2014
Sec.5 Structures — Page 34

SECTION 5 STRUCTURES

5.1 Design conditions
5.1.1 General
5.1.1.1 General recommendations regarding structural desiginfabrication are given in DNV-OS-H102.

5.1.1.2 Loadcases and analysis of forces are describ¢8.4ih For design of padeyes and other structural
elements, additional design factors as describgal In2] should be applied.

5.1.1.3 Tolerances which may result in excessive laterakem load components should be avoided.
5.1.2 Design factors — base case

5.1.2.1 Design forces for structural elements should beutated as described [B.4], with the basic load
combination defined ifB.4.2] and application of design factor definedydssign =y .

where:

% : load factor
% : consequence factor

5.1.2.2 The consequence factgg, shall be selected accordingTable 5-1below.

Table 5-1 Consequence factors

Element category x

Lift points including attachments to object (singl&ical elements supporting the lift points, |i.3
defined within this category).

Lifting equipment not subjected to load testingy(spreader frames or beams, plate shackles). 1.3
Main elements supporting the lift point. 1.15
Other elements of lifted object. 1.0

Note: jc is intended to account for severe consequencsingie element failure; categorisation of elements
according to the table above should consider realicyof elements accordingly.
5.1.2.3 The load factow, should normally be taken as 1.3.

Guidance note:

A reduced load factor of 1.2 may be considerediegiple with respect to G (and Q) loads; see DNV1$?2,
Section 5 B202. In this cagg = 1.2 may be applied if dynamic load caused bgdsis is less than the static (P-load).

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

5.1.3 Design factors — alternatives

5.1.3.1 Assuming all loads have been suitably categorizezinber design forces may be calculated based on
the two ULS load conditions “a” and “b”; see DNV-@802, Sec. 3B. Consequence factors according to
Table 5-1shall be applied.

Guidance note:
This approach is not applicable if the DAF has hessed oi3.2.2.4]andTable 3-1

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

5.1.3.2 Structural element forces calculated as describfi14] could be used in a WSD check, see DNV-0OS-
H102 Sec.2 D200. Consequence factors accordifiglte 5-1shall be applied.

5.1.4 Lift points

5.1.4.1 Lift points and their attachments to the structshieuld be designed for the maximum sling load, any
possible sling angles and local load effects, asifipd in[3.4.3.4]

5.1.4.2 The lift point design load in the sling directidfy, shall include design factors accordingial.2]
(or[5.1.3) as stated if3.4.2.6] Design force components in other directions dimlbased onfs seeApp.B
for guidance.

5.1.4.3 Lift point designs which may fail as a result of deoate deviations in sling force direction shoutd b
avoided.

5.1.4.4 Padeyes should normally be aligned such thatdjftorces act in-plane with the main padeye plate.
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Guidance note:
Not aligned padeyes may be acceptable providedhitsais properly considered in the design caldoiet

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

5.1.4.5 The load bearing capacity of lift points shall lzdcalated based on a recognised code/method.

Guidance note:
The calculation method describedApp.B may, as one acceptable alternative, be adoptqubfieyes.

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

5.1.4.6 It is recommended that lift points are designedlie main connections in shear rather than tension
High tensile forces acting through the thicknesedlion of rolled steel material shall be avoided.
Guidance note:

Itis recommended that padeye plates are slottedgh horizontal flanges and welded directly taicat web plates.
If through thickness tension cannot be avoidedenss with guaranteed through thickness propesfesuld be
used. Actual material quality requirements showdhbsed on the stress level and guidance from mexadjcodes,
e.g. EN 10164 and NORSOK N-004 (Sec. 5.2 includimgment in sec. 12). At site, UT inspections ofriregerial
to verify the through-thickness properties maydenfl acceptable as documentation. UT inspectioulgte carried
out after (and if found beneficial also before) airfj. The stress level should be maximum 50% ofable.

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

5.1.4.7 The geometry and position of lift points shall emsproper functionality of the rigging, including
alignment, adequate load distribution on shacKieg/s and connection / disconnection.

Guidance note:

The following normally apply:

— The required padeye hole diameter should be seleconsidering both shackle-pin and hole fabricatio
tolerances, as well as allowable bearing presSee.alsd\pp.B.

— For shackles sdd.2.2.1]and[4.2.2.2]

— For trunnion/pin type lift points: To allow for pgcted sling/grommet ovalisation under load thetlwéailable
for the sling shall be not less than ¥.B (limited to 1.25D + 25mm), where D is nominahgl diameter. It the
ovalisation is reduced by a curved contact surfaeevidth available for the sling could be lesgjc¢plly1.15x
D.

— There should be adequate clearances for connemiomlis-connection of lift rigging; see af@03.4.3]
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---

5.1.5 Dedicated lifting equipment
5.1.5.1 Dedicated lifting equipment is normally designedl ananufactured for the purposes of lifting one
particular object.

Guidance note:
Dedicated lifting equipment can include:

— spreader bars

— spreader frames

— plate shackles

— sling guiding structures, s¢&4.3.3]

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

5.1.5.2 Dedicated lifting equipment shall as a minimum ifudfll applicable requirements to design and
fabrication of structures given in this section.

5.1.5.3 Eccentricities considering maximum possible degiatiin sling angles should be duly considered in
spreader bar and frame verifications.

5.1.6 Lifted object

5.1.6.1 Appropriate consequence fact@sseTable 5-) should be applied to primary and secondary giratt
elements.

5.1.6.2 Appropriate consideration should be given to skeadIcases, as the load effects caused by these are
normally not covered by in service design condgion

5.1.6.3 Attention should be paid to possible horizontadleamponents acting on the lift points.
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5.1.7 Bumpers and guides
5.1.7.1 The lay-out and size of the guiding system shoeldi¢tailed with consideration given to:

— Functional requirements, e.g. protection of sumdbng structures, ease of installation and ingiaha
accuracy.

— Operational procedure and details, e.g. tuggeslietc.

— Maximum calculated/allowable relative motions beén lifted object and guides.

— Maximum calculated or allowable tilt of the objeéetall relevant directions.

Guidance note 1:
Typical values for maximum tilt and motions are:

a) vertical movements £ 1.0 m

b) horizontal movements + 1.5 m

¢) longitudinal tilt £ 2°

d) transverse tilt £ 2°

e) plan rotation + 3° (object close to final pogifio

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
Guidance note 2:

Further guidance on guides and bumpers (espetlhgmoval projects) can be found in DNV-RP-H1@Z 3.3.5.
---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
5.1.7.2 The design strength requirements for bumpers aitkguare given in DNV-OS-H101, Section.6C
5.1.8 Rigging lay-down and securing
5.1.8.1 The lifted object shall be equipped with a rigglag-down and securing arrangement, providing safe

and optimal handling of the rigging, before aneathe lift.

Guidance note:
See and DNV 2.7-3 Sec.3.3.2 for further guidanee. &sd4.1.6.1]

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

5.1.8.2 Special considerations shall be made for the eglsgse of lifting equipment, and allowing a smooth
and unobstructed rigging tightening before liftiNgelding to special elements shall be avoided.

5.1.8.3 The lay down structure and securing arrangemeiisidisupport the lifting equipment for maximum
static and horizontal/vertical dynamic loads befand after lifting.

Guidance note:

Dynamic loads to be considered may be transpontdtiads, impact loads (from the lifting equipmeat)d
environmental loads after installation.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
5.1.8.4 Special attention should be paid to the securitsiggfing during sea transport; effects of cycliads

shall be duly considered.

Guidance note:
Note that the horizontal accelerations may be clamably larger at the top of an object than inGloé.

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

5.1.8.5 Adequate strength of the lay down structure andurgeg arrangements should normally be
documented by calculation; for rigging with a selight exceeding 5 tonnes calculations shall beemad

5.1.9 Object seafastening and grillage

5.1.9.1 General requirements for design of seafasteningyetidge for transportation of objects is coveird
DNV-0S-H202

5.1.9.2 Seafastening and grillages should allow easy releasbjects being lifted. In addition, they should
provide adequate support and horizontal restraimt] such time that the object can be lifted cle&ithe
transportation vessel/barge.
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Guidance note:

The seafastenings should normally be capable afjfreleased in stages, such that the cargo isestana 10 degree
static angle until the release of the final stagee release of seafastenings, and the removalyobag item, should
not disturb the seafastenings of any other item.

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

5.1.9.3 Elements providing horizontal and/or vertical supdter cutting/removal of seafastening shall be
verified for environmental conditions applicable fbe operation.

5.2 Fabrication and inspection
5.2.1 Materials and fabrication

5.2.1.1 Materials and fabrication of lift points and lifjnrequipment should comply with the requirements
given for “special structural steel” in DNV-OS-H1(&ection 6A

5.2.2 Inspection

5.2.2.1 Inspection of lift points and lifting equipment shd comply with the requirements given for “special
structural steel” iDNV-0OS-H102, Section 6B

5.2.2.2 Lift points shall be adequately inspected for esuhsequent lift.

Guidance note:

Adequate inspection should be based on the inféomatailable for the lift point, including loadgtory and original
NDT. If information is inadequate or unavailableg inspection should be as for a new lift poing [8€2.2.1]

Lift points can be accepted for subsequent lifthaged on a visual inspection if:

a) the load history (since last MPI/UT inspectiohjte lift points is known,

b) no abnormal loading of the lift points has ocedror has been suspected during previous lifts, and
¢) no damage is evident during the visual inspection

In the absence of a), lift points should be subjedt00% (min) MPI before any subsequent lifting.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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SECTION 6 YARD LIFTS

6.1 General
6.1.1 Application

6.1.1.1 This section is applicable to lifts and other crassisted operations (roll-up) in connection with
erection and assembly. It also applies to loadaodtload-in operations by onshore cranes.

6.1.1.2 Relevant requirements in sections 1 tagply for major yard lifts, roll-up operations alwhd out
operations by lifting. This section describes exgoms and additional requirements for such openatio

6.2 Loads
6.2.1 Weight and CoG

6.2.1.1 The weight of a yard lifted item is often basectattulation only. In such cases, a weight contigen
factor of 1.1 (min) should be used to define theigle weight.

6.2.1.2 The effect of extreme positions of the CoG showdaluated.
6.2.2 Special loads

6.2.2.1 For roll-up operations special loads may be of ificgnt importance and should be thoroughly
evaluated.

6.2.2.2 As applicable, special loads for roll up operatiorgude:

— winch/tugger line loads

— support reaction loads (vertical and horizontal)
— friction loads (at supports and slings)

— wind loads.

6.2.3 Dynamic loads
6.2.3.1 Table 3-1relating to dynamic effects for onshore lifts.

6.2.3.2 For crawler cranes travelling with load, possibieamic effects should be evaluated thoroughly.
Crane speeds and surface conditions should bedssesi If no documentation is presented the minimum
factors for “inshore lifts” inTable 3-1should be used.

6.2.4 Skew loads

6.2.4.1 Yard lifts may involve three or more cranes. Extestrane loads, i.e. worst possible load distrimstio
within the cranes, should be calculated considemirigast:

— support lay-out defined by the cranes
— flexibility of the lifted object

— crane types

— limiting environmental conditions

— lifting procedure

— monitoring system/tolerances.

A sensitivity analysis considering possible cravedl variations should be considered.

6.2.4.2 The design of lifting equipment (and lifted/upenddgects) should in some cases be based on the
crane extreme load capacity, e.g. overturning foadrawler crane.

Guidance note:

This is particularly relevant for lifting with sesad (highly utilised) crawler cranes in a statigalhdeterminate
system, where exact crane load may be difficuttaiatrol.

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

6.2.5.1 For operations involving multiple cranes the maximout of plumb of hoist lines should be defined/
calculated and considered in the calculations.

6.2.5.2 The effect of swinging of the lifted object duettavelling crane movements should be evaluated.
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6.2.6 Loadcases

6.2.6.1 Loadcases for yard lifts should be based on themgéguidelines if3.4] and the loads described in
the paragraphs above.

6.2.6.2 For multi-crane operations sensitivity analysishwiéspect to possible crane load distributions (se
[6.2.4.1) should be carried out.

6.2.6.3 Analysis shall be performed for an adequate nurobaesll-up angles. Se8.4.1.1]and[3.4.1.2]

6.3 Lifting equipment
6.3.1 Slings and grommets

6.3.1.1 The nominal safety factor for slings and grommetsyfrd lifts should be calculated as described in
4.15.1

Guidance note:

Yards-slings are normally used repeatedly, thudseg to wear and tear - a wear fagipe 1.00 should be used
(1.20 is recommended).

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
6.3.1.2 If slings made of soft ropes are used, specialquéans may be required, siel.4].
6.3.1.3 Attention should be paid to the effect of objedatimn (roll-up) on sling connections.
6.3.2 Shackles
6.3.2.1 Shackles with SWI< 50 tonnes without certification may be accepteduaing:

— the SWL is stamped on the shackle

— the original Manufacturer is recognised

— calculated dynamic shackle loadsWL

— the shackle is thoroughly inspected before use.

6.4 Structures
6.4.1 Lift points

6.4.1.1 The local strength capacity of some non-purpos#-liifti points may have significant strength
reserves; a consequence factor of 1.0 may in sasdsde applicable, s€éable 5-1

Guidance note:

Typical examples are elastic hoop stresses fobalau member where supporting a sling, comparet thi¢ total
plastic capacity of the hoop.

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

6.5 Cranes
6.5.1 Documentation

6.5.1.1 Yard cranes should normally possess an approgakdsby a recognised authority.

Guidance note:
In Norway this is “Arbeidstilsynet”.

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

6.5.1.2 It should be documented that regular maintenancariged out of all parts important for the safety
the lift.

6.5.2 Allowable loads

6.5.2.1 Allowable crane loads should be based on load-cahies/tables. These should, as applicable, glearl
State:

— Crane boom type and length.
— Counter weight position(s) and minimum number @ihline legs.
— Maximum load, limited by overturning or structusttength.
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— Crane equipment, e.g. hook, block, hoist linesjdndo be included in crane hook load.
— Operational limitations.

6.5.2.2 For multiple crane operations involving travellingffective crane radii should be calculated
considering maximum out of plumb for hoist linesieTcrane capacities should be calculated basekese t
radii, sed6.2.5].

6.5.2.3 Adequate sub-structure / ground strength shoulddeemented for crawler crane operations; special
attention should be given to toe peak loads.

6.5.2.4 If there is insufficient information regarding grol capacity, load testing (including the complete
crane track) shall be carried out.

Guidance note:

The capacity could e.g. have been reduced localéytd an excavation that has been refilled witreppgropriate
compaction.

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

6.5.2.5 Operational limitations for travelling counter wktg should be considered; position and weight
should be checked.

6.6 Operational aspects
6.6.1 Clearances

6.6.1.1 Assuming all effects have been assessed, a cadulasinimum clearance to the crane boom of 0.5m
is normally acceptable.

Guidance note:
For roll-up operations planned hoist line anglesd® be considered when the minimum clearancesatzcalated.

Possible deviations from vertical hoist lines ($86.2.2) need to be considered when establishing minimum
clearances for lifts involving travelling.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
6.6.1.2 Crane boom lengths shall be sufficient to fulfi ttlearance requirements.
6.6.2 Crane tracks

6.6.2.1 Crane tracks should be marked and the surfaceldeviehproved if required. See al§®5.2.3]and
[6.5.2.4]

6.6.3 Survey and monitoring
6.6.3.1 A thorough check for obstructions in way of thenars, structure and rigging should be carried out.

6.6.3.2 It shall be ensured by surveys and monitoring @.grane radius/boom angle) that all crane alldevab
load assumptions, s¢&5.2), are properly accounted for.

6.6.3.3 For roll-up operations continuous monitoring shanlclude:

— lifted/upended object deflections

— hoist line angles

— crane positions

— reaction loads/behaviour in roll up cells
— roll-up angle.
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APPENDIX A LIFT CALCULATIONS

A.1 Calculation of SKL
A.1.1 Hook load

A.1.1.1 Direct calculation of the SK} may be based on a sling load of 1.3 times thardehed from the
DHL.

A.1.2 Sling length tolerances

A.1.2.11t is recommended not to select too strict strenmiierances when skew load calculations are
performed. SKL; below 1.1 should normally not be applied for aistdly indeterminate lift of a relatively
rigid object.

A.1.3 Recommendations and assumptions
A.1.3.1 The following apply:

— A 4 point symmetric lift rigging is assumed.

— The load-deflection curves of the slings may bpraximated as linear for the purpose of calculathmg
SKLg.

— The indicated E-modulus for slings may be inacueamd should if possible be verified.

— Itis recommended to assume the lifted objecnitdly stiff. However, as a further refinement tigject
flexibility and possible crane hook rotation maytaken into account. The indicated valuedgyyis based
on a reasonably stiff box type lifted object.

A.1.4 Calculations

A.1.4.1 The SKLg, will decrease with increasing load since the regadifference between the sling loads will
decrease. This effect is illustratedrigure A-1

A.1.4.2 The below formula may be used for calculation ef 8KLg, for a 4 point statically indeterminate lift
with approximately a double symmetric single slargangement, ane> &,.

SKLg =1 +&/ (£+ &q9

where

£ . average strain in the slings at hook load 1.3 Ikt skew load assumed).

£ . 1.3 DHL/(A E sin@).

DHL : dynamic hook load in N.

A 314

d . diameter of sling in mm.

E :Young's modulus for the sling, could for cabli lalings be taken as 20 000 MPa based on A as

defined above. For steel rope slings E = 70 000 MParmally acceptable.

&dd - equivalent additional strain to include the effetbbject deflection. For most lifts
Eadg= 0,0035% cos(@) could be considered.

6 : average sling angle from a horizontal plane.

& . total sling and padeye fabrication tolerancegssible length deviation) as a function of thiegsl
length, i.e.& = total tolerance/sling length.

Guidance note:

For lifting with grommets, the sling area A shobkltaken as the total sling cross sectional amaum of both parts
of all 4 grommets.

---e-n-d---of---G-u-i-d-a-n-c-e---n-o-t-e---
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Figure A-1
Determination of SKLg

SKL r 3
2.0
\\
1.0 > €
P 1 Sling Diagonal 1
/ ~
/ / /Sling Diagonal 2
// » €
ko &2

&S oo

g

&1

load in sling

average strain in sling (elongation/sling length)
sling length fabrication tolerance

average strain in sling diagonal 1

average strain in sling diagonal 2

DET NORSKE VERITASAS



Offshore Standard DNV-OS-H205, April 2014
App.B Padeye calculations — Page 43

APPENDIX B PADEYE CALCULATIONS

B.1 Padeyes

B.1.1 General
Design calculations for padeyes could be based on;

— finite element analysis or
— hand calculations.

For both these types of calculations input assuwmpficalculation method and accept criteria needeto
carefully evaluated.

A typical padeye layout is shown below. The caltafamethod iffB.1.2] applies for this type of padeye.

Padeye Sideways View Padeye Front View

B.1.2 Element analysis

Typical important items to be thoroughly evaluafedliinear (elastic) element analyses are:
— Load input (distribution) from shackle (pin anddyaf out-of-plane).

— Element types and sizes.

— Peak stresses — What is allowed of magnitude atehsion?

B.1.3 Calculations

By hand calculations the actual stress distributiolh be impossible to predict accurately. Hencachs
calculations should include capacity evaluationseblaon an assumed stress distribution. At leasjuade
capacity of the following items should be documednte

a) Bearing pressure/capacity in the pin hole.
b) Tear out from the pin hole.

¢) Cheek plate welds, if applicable.
d) Combined axial, shear and bending in the padghpe( + stiffeners, if applicable).

B.2 Padeye calculation method

B.2.1 General

Normally the design checks listed below are sudfitito verify a padeye design. However, for spquaaleye
designs additional checks may be necessary, amktu: for such checks should hence be evaluatealcim

case.
For padeyes the following design considerationsnadly apply:

— The outside radius of the padeye main plate &walio less than the diameter of the pin hole.

— The pad eye thickness at the hole shall not kzetten 75% the inside width of the shackle.

— The padeye hole diameter should be carefully sedeo fit the shackle pin diameter. For strengtippses
the difference in hole and pin diameter should emaall as possible, but shackle pin maximum diamet
including tolerance should be considered in ordaartsure that the pin will enter the hole.

— For padeyes with significant (i.e. > 10%) out ¢dine loading, it is recommended that the shackte pi
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diameter is not less than 94% of the padeye halmelier.
— Nominal shackle pin- and hole diameter should/ddag applied in the strength calculations.

B.2.2 Definitions
In the equations in this subsection the followirgimitions are applied:

F4s Design load in sling direction, s¢&1.4.2]
Fq Padeye design load in line with padeye plate
Fq  Lateral padeye design load
Me  Design moment in centre of padeye hole
o,  Yield stress of padeye material
¥n  Material factor
E Elastic modulus
Dpin  Diameter of shackle pin
Dy  Diameter of pinhole
£ Adjustment factor — Bearing pressure
o Adjustment factor — Lateral load
v Sling out-of-(padeye)plane angle
t Total thickness of padeye at hole including chelakes(t = t, + 2 xt;y,)
Road Radius of padeye, taken as:
_ Rpl ><tpl +2X Rch Xtch
pad — t

R

Where:

Ry) is minimum distance form centre hole to edge atepl
Rqp, is radius of cheek plates (two equal plates assiyme
tor is the thickness of the padeye plate

teh is the thickness of the cheek plates

B.2.3 Design loads
The design loads on the padeye may be calculatedi@ated below. The following assumptions apply:

— The sling load (fJ) is transferred to the padeye through a shackiedisated
on the sketch.

— No friction between sling and shackle.

— The shackle is positioned centric in the padeye.

— Lateral load (f) is transferred to the padeye through contactspres
between shackle body and padeye and/or as fritdice between pin and
padeye. Load resultant is assumed to work at tqgnof

— Moment (M) is transferred to the padeye through contactspresbetween
shackle pin and padeye.

Fg = Fys X CoSQ) ‘ Fg = Fys % Sin(v) ‘ Me = Fy x h

B.2.4 Bearing pressure

The equations given below could be used to findtilg average bearing pressure. If the out-of-plaaeing

is significant (i.e.0> 1.3) the bearing pressure will be unevenly itisted. This should be considered. It is
recommended that this is done by substituffiwgth £ in the following equations whe@= £x (d— 0.3) and

0 21.3. SedB.2.6] for calculation ofo.

For Dyin/ Dy < 0.96 the following criterion applies:
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1_1]xw

o X[D D
g pin H
Y/ = 018x
4m

For Dyin/ Dy 2 0.96 the following criterion applies:

J/ > 0036x [T XEXA
Vm D, xt

The allowable bearing pressure is adjusted acogrdirihe use of the padeye. This is taken into @aaicby
applying the factop3 as indicated:

— B=1.0if the (shackle) pin will rotate in the halering lift (upending).
— [=0.7 for padeyes that will be used for multipfes lwithout pin rotation.
— B=0.5 for single lift use without pin rotation.

B.2.5 Tear out

A tear out check is normally considered sufficientheck the padeye material above (i.e. in the thigection)
the hole. The following criterion shall be fulfitle

0'/ 17xF,

>

Y™ (2XRopy —Dyy) %t
B.2.6 Cheek plate welds

The cheek plate welds should fulfil the followingterion:

ayw/2 Fy xtg, <5
Vm 15xtxD, xa

_4xtan@E)xh N
t
The above equation is based on the following assong

o 1

a) The cheek plate welds will be fillet welds alband the outer edge of the cheek plate with a thoba”.

b) The cheek plate will be so stiff (in plane) tlitas reasonable to assume that the complete wilda
active in transferring load.

¢) The fillet welds stress components will varyaathund the weld. Pure shear on the throat hasdmssemmed.

d) Possible uneven (bearing) load distribution betweheek plates and main plate has been accownted f

(Factor= 1,2)

e) The factoW has been included to take into account increlseting on the cheek plate due to out-of-plane

loading.

B.2.7 Combined stress

All relevant sections of the padeye from centeehatd below including (weld) connections to objaetin
structure (or to spreader bar/frame), shall be labdéor combined stresses. It shall be documenitestified
that the most critical section(s) has been consitlar the design calculations.

Combined stresses should be checked accordingetmagnized code, see also DNV-OS-H102.
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