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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non
Inte

Inte

The]
ado
Inte

Atte
righ

ISO

for petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures.

ISO
Spe

The)

ISO

F[governmentat, In_liaison with 150, also take part In the Work. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draff\Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

19901-6 was prepared by Technical Committee ISO/TC 67,.Materials, equipment and offshor

19901 consists of the following parts, under the general title Petroleum and natural gas ir
cific requirements for offshore structures:

Part 1: Metocean design and operating considerations

Part 2: Seismic design procedures and ckiteria

Part 4: Geotechnical and foundation design considerations

Part 5: Weight control during-engineering and construction

Part 6: Marine operations

Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units
following pariis under preparation:

Part 3. Topsides structure

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for voting. Publication as an

ct of patent

e structures

dustries —

foll

winas:
G-

19901 is one of a series of International Standards for offshore structures. The full series covrsists of the

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

ISO 19901 (all parts), Petroleum and natural gas industries — Specific requirements for offshore

structures
ISO 19902, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

ISO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1:

semi-submersibles and spars

© 1SO 2009 - All rights reserved
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— IS0 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 1: Jack-ups 1)

— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 2: Jack-ups commentary 1)

— IS0 19906, Petroleum and natural gas industries — Arctic offshore structures 1)

1) Under preparation.
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Introduction

The series of International Standards applicable to types of offshore structure, 1ISO 19900 to
constitutes a common basis covering those aspects that address design requirements and assess

-6:2009(E)

ISO 19906,
ments of all

offshore structures used by the petroleum, petrochemical and natural gas industries worldwide. Through their
application, the intention is to achieve reliability levels appropriate for manned and unmanned offshore

Stru ures, wr ever the type O ructure and the nature or compination or matlteria used.

It is| important to recognize that structural integrity is an overall concept comprising models fo
actipns, structural analysis, design rules, safety elements, workmanship, quality control” proc
natipnal requirements, all of which are mutually dependent. The modification of one aspect d
isolation can disturb the balance of reliability inherent in the overall concept or structural s

necgssary, therefore, to consider the implications involved in modifications in relatioto the overall
offshore structural systems.

Thel series of International Standards applicable to types of offshore structure is intended to pro

describing
bdures and
f design in
ystem. It is
reliability of

vide a wide

latitude in the choice of structural configuration, material and techniques.without hindering innovation. Sound

engjneering judgment is, therefore, necessary in the use of these Intérnational Standards.

Thig part of ISO 19901 was developed to provide requirements{and guidance for the planning,
and|safe execution of marine operations for all types of offshere structures except for drilling rigs,
barges and diving support vessels. Marine operations for offshore structures are parts of the G
transportation and installation phases when the structure is at risk from the marine environm
opefations can extend to decommissioning, redeployment, removal, etc.

Thig part of 1ISO 19901 describes the principles of and provides requirements and guidance
opefations associated with fixed and floating offshore structures, from the point of view d
eng|neering, implementation and documentation. Alternative requirements, methods and provisio
the Jntention of this part of ISO 19901 and-may be applied, provided it can be demonstrated that t
at lgast the same level of confidence. The overall objective of this part of ISO 19901 is to ensure
opefations are conducted withintdefined and recognized safety/confidence levels, wherevd
performed. Additional standards;yeodes and guidelines should also be taken into account, where
Special attention should be paidto national regulations governing the area in which the marine op
performed.

It is|not the intent of this*part of ISO 19901 to govern the design of structures, systems and compc
in
the pasis for the.detailed design and the fabrication requirements of such components.

Annex A provides some background and some additional information to the main body of the doct
is intended that it be read in conjunction with the main body of the document.

engineering
pipe-laying
onstruction,
ent. Marine

for marine
f planning,
ns can fulfil
ney achieve
that marine
r they are
applicable.
rations are

nents used

arine operations,)beyond the principles given. Recognized codes and standards are normally accepted as

ment and it

Annex B O cappticationo cdocume O CE
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Petroleum and natural gas industries — Specific requirements
for offshore structures —

Part 6:

Marine-operations

1

Thig
ope

Scope

rations, encompassing the design and analysis of the components, systems, @gquipment and

required to perform marine operations, as well as the methods or procedures.developed to car|

safq

Thig

ly.

part of ISO 19901 is applicable to marine operations for offshore structures including
steel and concrete gravity base structures (GBS);

piled steel structures and compliant towers;

tension leg platforms (TLP);

deep draught floaters (DDF), including spars or deep draught caisson vessels (DDCV);
floating production semi-submersibles (FPSS);

floating production, storage and offloading vessels (FPSO);

other types of floating production systems (FPS);

mobile offshore units (MOU);

topsides and components-of any of the above;

subsea templates.and similar structures;

gravity, piled;drag embedded and suction or other anchors;

tendon feundations;

associated mooring systems.

part of 1ISO 19901 provides requirements and guidance for the planning and“engineering of marine

procedures
ry them out

Thisdocument 75 atso appiicabte to modifications of existing structures, €.g. mstattationof additio
modules.

This part of ISO 19901 is not applicable to the following marine operations:

a)

b)
c)

d)

construction activities, e.g. in a fabrication yard onshore, where there is no exposure to
environment;

drilling, processing and petrochemical activities;
routine marine activities during the service life of the structure;

drilling from mobile offshore drilling units (MODU);

© 1SO 2009 — All rights reserved
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e) installa
f)  diving.
2 Norm

tion of pipelines, flowlines, risers and umbilicals;

ative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (
ISO 19900:

1ISO 19901-
Part 1: Met

ISO 19901+
Part 4: Geo

ISO 19901+
Part 7: Stat

ISO 15544,
guidelines f

ISO 17776,
and techniq

IMCAM 17
Association

3 Terms and definitions

For the pur
ISO 19901

NOTE (
ISO 1990212

3.1
action
external loa

EXAMPLE
moisture vari

including any amendments) applies.

P002, Petroleum and natural gas industries — General requirements for offshore structures

1:2005, Petroleum and natural gas industries — Specific requirements for offshore_structure
bcean design and operating considerations

1:2003, Petroleum and natural gas industries — Specific requirements for offshore structure
fechnical and foundation design considerations

7:2005, Petroleum and natural gas industries — Specific requirements-for offshore structure
onkeeping systems for floating offshore structures and mobile offshore units

Petroleum and natural gas industries — Offshore productioninstallations — Requirements
Dr emergency response

Petroleum and natural gas industries — Offshore production installations — Guidelines on {]
ues for hazard identification and risk assessment

D, Guidance on the Use of Cable Laid Slings and*Grommets. The International Marine Contrag

boses of this document, the terms and definitions given in ISO 19900, 1ISO 19901-1, ISO 1990
7 and ISO 19904-1 and the(following apply.

Dther terms and definitions ‘relevant for the use of this part of 19901 are also found in ISO 19901-
1, 1SO 19903033 and IS0 19904-1[30],

An{imposed deformation can be caused by fabrication tolerances, settlement, temperature chang
ation.

and

pols

tors

d appliedto the structure (direct action) or an imposed deformation or acceleration (indirect actjon)

e or

NOTE
[ISO 19900

3.2

An earthquake typically generates imposed accelerations.

:2002, 2.1]

action effect
effect of actions on structural components

EXAMPLE

[ISO 19904-

Internal forces, moments, stresses, strains, rigid body motions or elastic deformations.

1:2006, 3.5]

© 1SO 2009 — All rights reserved
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3.3

ISO 19901

air cushion
air pumped into underbase compartments of the structure

NOTE

loading.

[ISO 19903:2006, 3.10]

3.4

assembly

des

-6:2009(E)

Normally applied in order to reduce the draught and increase the freeboard and/or to alter the structural

gned and tabricated group of bulk and equipment items that form one unit

[1ISO 19901-5:2003, 3.1.1]

3.5
ball
vari

[ast

NOTE Adapted from ISO 19901-5:2003, 3.1.2.

3.6

ballast system

sys
3.7
bar
sim

3.8

em used to change the draught, stability, trim and/or heel of a‘structure afloat

je
ple floating vessel, normally non-propelled, on which@- structure is transported

basjc variable

one

of a specified set of variables representing physical quantities that characterize actions, en

inflyences, geometrical quantities or material-properties, including soil properties

[IS@ 19900:2002, 2.5]

3.9

bending efficiency factor

fact|
stre

3.1

br by which the calculated breaking strength of a rope is reduced to take account of the
hgth caused by bending around a shackle, trunnion, padear or crane hook

bollard pull
towing or mahoeuvring action that can be generated by a tug for an indefinite period of time with it
sysiem running at operational, as opposed to maximum revolutions per minute

hble solid or fluid content in order to change the draught, stability, trim and/or heel of a structurg afloat

vironmental

eduction in

5 propulsion

NOTE Bollard pull is expressed in kilonewtons.

3.1

bridging document
document that aligns and co-ordinates the requirements and responses of various parties in relation to a
specific aspect of a project

NOTE

3.12
bumper
temporary structure designed to protect structures or modules during the initial fitting stage of an installation

ope

ration

© 1SO 2009 — All rights reserved
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3.13

characteristic value
value assigned to a basic variable associated with a prescribed probability of not being violated by
unfavourable values during some reference period

NOTE

characteristic values, an upper and a lower value.

[ISO 19900

3.14
CoG envel
defined con

NOTE A
3.15
consequer
factor appl
component

NOTE q
over and abg
points, their
application tq

3.16

constructi
addition of
NOTE A

3.17

crane vessel

vessel, shig

NOTE A
barges and g

3.18
cribbing

arrangement of timber baulks,-secured to the deck of the barge or vessel, designed to support the cargo

NOTE (

12002, 2.7]

The characteristic value is the main representative value. In some design situations, a variable can have two

ppe
straint volume within which the centre of gravity (CoG) of an assembly or a module shall remai

dapted from ISO 19901-5:2003, 3.1.8.

ce factor
ed to critical structural components in the design of lifing operations 'to-ensure that th
5 have an increased factor of safety in relation to the consequence of theif failure

Lonsequence factors are additional safety factors, applied to critical structufal components of the lifted o
ve the normal safety factors used in a WSD analysis of the lifted object. They are, accordingly, applied

attachments to the object and components in the object supporting.lift points. They are not intende
slings, grommets and shackles.

n afloat
aterial or outfitting to the structure while afloat

dapted from ISO 19903:2006, 3.17.

or barge on which lifting equipment'is-mounted

or the purpose of this documentj\this term includes crane barges, crane ships, derrick barges, shea
emi-submersible crane vessels:

Lribbing is genefally arranged at strong points of the deck and/or cargo.

3.19
deadweig
total carryi

q‘g capacity of a floating structure

ese

bject
o lift
i for

r-leg

NOTE 1

onboard a floating unit.

NOTE 2

3.20
deck matin

Adapted from ISO 19901-5:2003, 3.1.11.

g

This includes cargo weight, deck cargo, snow and ice, marine growth, ballast water, consumables and crew

marine operation in which the platform topsides is floated into position and connected to the support structure

NOTE

[ISO 19903

This operation is normally conducted by ballasting and deballasting of the support structure.

:2006, 3.18]
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3.21
decommissioning
process of shutting down a platform and removing hazardous materials at the end of its production life

[ISO 19900:2002, 2.10]

3.22
design criterion
quantitative formulation that describes the conditions that shall be fulfilled for each limit state

NOTE Adapted from ISO 19900:2002, 2.11.

3.23
design situation
set pf physical conditions representing potential conditions during a certain time interval-forwhich the design
is expected to demonstrate that relevant limit states are not exceeded

NOTE Adapted from ISO 19900:2002, 2.13.
3.24
desjign value

valye derived from the representative value for use in the design verification procedure

[1IS® 19900:2002, 2.14]

3.24
detérminate lift
lift where the slinging arrangement is such that the sling-forces are statically determinate and not significantly
afferted by minor differences in sling length or elasticity

3.2
displacement
weight of the volume of water displaced by, a floating structure

NOTE 1 The weight of the water displaced is the sum of the lightship weight, deadweight and mooring| system load
inclyding vertical component of the mooring pre-tension and/or riser action.

NOTE 2  Adapted from ISO 19901+5:2003, 3.1.12.

3.2
durjnage
arrgngement of timber-en deck of a barge or vessel laid out to support the cargo

3.2

dynamic action
actipn that<dnddces acceleration of a structure or a structural component of a magnitude sufficient to require
spetific.consideration

(1S 19901-7-2005 3 8]

3.29

dynamic amplification factor

DAF

ratio of a dynamic action effect to the corresponding static action effect

NOTE An appropriately selected dynamic amplification factor can be applied to static actions to simulate the effects
of dynamic actions.

[ISO 19902:2007, 3.16]
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3.30
fibre rope
rope made of various yarns and various types of construction

EXAMPLE A fibre rope can be a stranded rope consisting of three to eight strands, a parallel strand rope, a single or
double-braided rope, etc.

NOTE Each combination of yarn and type of construction normally results in different properties and characteristics.
3.31

fibre rope grommet

FRG

endless loop-shaped sling made up from a single length of fibre rope

NOTE A fibre rope grommet is of similar construction to a steel wire rope grommet.

3.32

fibre rope $ling

FRS

sling made ffrom a single fibre rope, usually with spliced eye end terminations

3.33
fixed structure
structure that is bottom founded and transfers all actions on it to the seabéd

[ISO 1990012002, 2.17]

3.34
float-off
offloading 3n object from a submersible transport vessel>or barge by means of submerging the vessg
barge deck|to a depth that is sufficient to allow the object-to float and be removed from the vessel/barge

or

3.35

float-on
loading an pbject onto a submersible transport-vessel or barge by means of submerging the vessel or barge
deck to a [depth that is sufficient to allow'the floating object to be manoeuvred into position over|the
vessel/barge

NOTE The object is then lifted from-the water and onto the vessel/barge deck by deballasting the vessel/barge fo its
seagoing comdition.

3.36
float-out
transfer of g floating strlicture out of a flooded dry dock

NOTE Adaptedfrom ISO 19903:2006, 3.28.

3.37
float-over
transfer of a major assembly supported on barge(s) on to its temporary or permanent structure by means of
manoeuvring the major assembly over the structure and setting it down by means of ballasting the barge(s)
supporting the assembly, deballasting the structure or lowering the supports of this assembly or combination
thereof

3.38

grillage

steel structure, secured to the deck of a barge or vessel, designed to support the cargo and distribute the
loads between the cargo and the barge or vessel

NOTE Adapted from ISO 19901-5:2003, 3.1.19.
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3.39
grommet
endless loop-shaped sling made up from a single length of (fibre or steel wire) rope

See also fibre rope grommet (3.31) and steel wire rope grommet (3.89).
3.40
gross weight

calculated or weighed weight of the structure being lifted, including a weight contingency factor

NOTE Sometimes the gross weight is referred to as a not-to-exceed (NTE) weight.

3.41
heave compensation
system fitted to hoisting/lowering machinery on offshore construction vessels to enable”the dbject being
hoidted or lowered to maintain a constant vertical position when the vessel is oscillating.in a verticql direction

3.42
hogk load
sum of the rigging weight, including the DAF, and the lift weight

3.43
indeterminate lift
anyl|lift where the sling forces are not statically determinate

3.44
launching
offlgading an object into the water from a barge oriother floating unit by means of sliding| the object
longitudinally, or less commonly, sideways along the floating unit

3.48
lift point
conhection between the rigging and the structure being lifted

NOTE Lift points include padears, padeyes and trunnions.

3.4
lift ‘iveight

gross weight times the DAF

3.4%
lightship weight
dry pnd invariable:weight of a floating unit

NOTE Adapted from ISO 19901-5:2003, 3.1.27.

34
limit'state
state beyond which the structure no longer fulfils the relevant design criteria

[ISO 19900:2002, 2.21]

3.49

link beam

connecting beam between the quay and the barge

NOTE The link beam can provide a structural connection, or can solely provide a smooth path for skidding or trailers.
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3.50
load case

compatible load arrangements, sets of deformations and imperfections considered simultaneously with

permanent actions and fixed variable actions for a particular design or verification

[1ISO 19902:2007, 3.29]

3.51

loadout

transfer of a major assembly or a module from land onto a barge or vessel by horizontal movement o
lifting

r by

NOTE 1 The following types of loadout operation can be distinguished:
— floating loadout from the quay onto a floating barge;

— groundgd: loadout from the quay onto a grounded barge;

—  lifted: loadout performed by crane;

— skidded loadout where the structure is skidded, using a combination of skidways, skidshoes or runners, prop
by towing engines, jacks or winches;

— trailer: loadout where the structure is wheeled onto the barge using trailers or SPMTs.
NOTE 2  Adapted from ISO 19901-5:2003, 3.1.30.

3.52
marine operation

planned and controlled vertical or horizontal movement of a structure or component thereof over, in of

water

[ISO 1990312006, 3.36]

3.53
marine spread
fleet of vesgels assembled to perform a maring-opération

3.54

mating
transfer of |a major assembly supported on barge(s) or vessel(s) to a temporary or permanent sup
structure

NOTE 1 The following types ofnating operation can be distinguished:

tlled

on

port

— afloat: transfer of the barge supported major assembly to a floating structure by means of submeiging

the structure sufficiently to allow the assembly to be manoeuvred over it, then lifting
assembly off the barges by deballasting the structure;

— onto fix¢d structure: transfer of the barge supported major assembly to a fixed structure by means of manoeu
it over the structure, then ballasting the barge supporting the assembly or lowering

the

ring
the

NOTE2  Adapted from ISO 19901-5:2003, 3.1.31.

3.55

minimum breaking strength

MBS

certified strength of a chain, wire rope, fibre rope or accessories

NOTE Adapted from ISO 19901-7:2005, 3.15.
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3.56
mooring component
general class of component used in the mooring of floating structures

EXAMPLE Chain, steel wire rope, synthetic fibre rope, clump weight, buoy, winch/windlass or anchor.

3.57

nominal value

value assigned to a basic variable determined on a non-statistical basis, typically from acquired experience or
physical conditions

[1ISO 19900:2002, 2.22]

3.5

notito-exceed weight

NTE weight

maximum acceptable weight of the structure, with an associated limiting CoG envelepé

NOTE Adapted from ISO 19901-5:2003, 3.1.34.

3.5¢
offlpad
transfer of a major assembly or a module from a barge or transport viessel to land or to a self-floatipng condition
by horizontal movement or by lifting

3.6
ope€rational duration
plarjned duration of a marine operation, which includes,a contingency time

3.61
ow:||er
repfesentative of the company or companies*which own a development, who can be the operator pn behalf of
co-ljcensees

[IS@ 19901-7:2005, 3.20]

3.62
padear
lift goint consisting of a central member of tubular or flat plate form with horizontal trunnion, or consisting of a
solid casting, around which a sling or grommet can be passed

3.63
padeye
lift goint consisting essentially of a plate, reinforced by cheek plates if necessary, with a hole throligh which a
shafkle canbe connected

3.64
platform
complete assembly including structure, topsides and, where applicable, foundations

[ISO 19900:2002, 2.23]

3.65

point of no return

PNR

point during an operation that represents the final opportunity to reverse, delay or abandon the operation
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3.66

recognized classification society

RCS

member of the international association of classification societies (IACS), with recognized and relevant
competence and experience in floating structures for marine operations, and with established rules and
procedures for classification/certification of installations used in petroleum or natural gas activities

NOTE Adapted from ISO 19904-1:2006, 3.29.
3.67

representative value
value assighed to a basic variable for verification of a limit state

[ISO 1990012002, 2.26]

3.68
reserve bupyancy
contingency buoyancy expressed in percentage of the nominal total intact buoyancyCof-self-floating steel
structures

3.69

resistance
capacity of{a structure, component or a cross-section of a component té/withstand action effects without
exceeding & limit state

[ISO 1990411:2006, 3.32]

3.70
return peripd
average pefiod between occurrences of an event or of a particular value being exceeded

NOTE The offshore industry commonly uses a return“petriod measured in years for environmental events. The rgturn
period in years is equal to the reciprocal of the annual prebability of exceedance of the event.

[ISO 1990111:2005, 3.23]

3.7

rigging
slings, shagkles and other devices including spreader bars/frames used to connect the structure being liftdd to
the crane

3.72
rigging wejght
total weight|of rigging, including contingency

3.73
safe haven
sheltered location at which a tow or {ransport can Seek refuge irrom inclement weather

3.74

seabed

materials below the sea in which the structure is founded, whether of soils such as sand, silt or clay, cemented
material or of rock

NOTE 1 The seabed can be considered as the half-space below the sea floor.
NOTE 2  Adapted from ISO 19901-4:2003, 3.6.
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3.75
sea fastening
temporary fastening items which keep movable items in position during transportation at sea

NOTE Adapted from ISO 19901-5:2003, 3.1.38.
3.76
sea floor

interface between the sea and the seabed

[ISO 19901-4:2003, 3.5]

floating structure normally consisting of a deck structure with a number of widely spaced;large crpss-section,

[1ISQ 19904-1:2006, 3.36]
3.7
skew load factor

factpr by which the load on any lift point, or pair of lift points, is multiplied to account for sling length mismatch

shoe
beafing pad attached to the structure that engages in the skidway and carries a share of the vertical load

3.8

ski?way
system of structural beams (concrete or steel).or rails, on the quay and on the barge, on which the| structure is
loaded out via the skidshoes

3.81
ski
struture constructed at or below'the base of a structure that extends downwards from the bgttom of the
foundation plate, penetrating'into the seabed

NOTE 1 Skirts are used o increase the capacity of the foundation to resist vertical and horizontal loads|and improve
erogion resistance.

NOTE 2  Adaptedifrom ISO 19903:2006, 3.49.

3.8
slinig eye
loop at’eéach end of a sling, either formed by a splice or by a mechanical termination

3.83
splash zone
area of a structure that is frequently wetted due to waves and tidal variations or during lift operations

NOTE 1 Refers to the wave-affected zone of the water column surrounding a structure.
NOTE 2  Adapted from ISO 19900:2002, definition 2.31.

3.84

splice

that length of sling where the rope is connected back into itself by tucking the tails of the unit ropes back
through the main body of the rope(s), after forming the sling eye
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spreader b
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ar

spreader frame
structure designed to resist the bending and compression forces induced by angled slings by altering the line

of action of

NOTE
would result

3.86

the force on a lift point into a vertical plane

if the rigging were connected directly from the lift point to the hook.

squat effect

The usual purpose of a spreader bar or frame is to avoid a clash between the rigging and the structure, which

tendency o

3.87

ftoatmgobjects orvessetstoundergoammcrease imdraught whermunderway

steel cabletlaid sling

SCLS
assembly g
around a cq

NOTE 1 )
eye end term

g

4

NOTE 2

3.88

f several (usually six) round stranded steel wire ropes (referred to as unit ropes), laid heli
re (usually a seventh rope)

[he definition strictly applies to the type of steel wire rope construction. Cable-lgid, slings have hand-sp|
inations by splicing the rope back on itself to form an eye termination.

bee IMCA M 179 for construction and use of cable-laid slings.

steel wire fope

rope made

EXAMPLE
(steel core, fi

NOTE
characteristi

B

3.89

Df various types of steel wire construction

A steel wire rope can be a stranded rope consisting(of six or eight strands laid helically around a
bre core, IWRC), a spiral rope, etc.

Fach combination of material and type of construction normally results in different properties
S.

steel wire fope grommet

SWRG
endless loo

NOTE1 4

NOTE2 A
body compo
the productiq
the stranded
rope change
into the bodyf

q
N

NOTE 3

b-shaped sling made up from asingle length of round stranded steel wire rope
s for cable-laid slings, the_steel wire rope used in a grommet is also referred to as a unit rope.

steel wire rope grommiét is constructed from one continuous length of stranded wire rope and consists

n of grommets a‘\temporary rigid core is used, which is replaced by the first half loop and the last half lo
wire rope. At the start of looping, the core rope changes into an outer rope, and at the end the sixth ¢
5 back into-the core rope. When removing the temporary rigid core, the ends of the stranded wire are tu
core, with,the tuck position diametrically opposite to the core butt position.

ee’IMCA M 179 for construction and use of steel wire rope grommets.

cally

iced

core

and

of a

bed of six strands_adround a strand core. The rope is spirally wound around the core rope in six loops. Dyiring

p of
uter
Cked

3.90

steel wire rope sling

SWRS

sling made from a single steel wire rope with various possible end terminations

NOTE

sockets, resin sockets, etc.

3.91
strength
mechanical

[ISO 19902

12

property of a material indicating its ability to resist actions, usually given in units of stress

:2007, 3.49]

Terminations include spliced eyes, Flemish eye with swaged steel sleeve (also known as super loop), spelter
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3.92
structure
organized combination of connected parts designed to withstand actions and provide adequate rigidity

[ISO 19900:2002, 2.35]

3.93

termination efficiency factor

factor by which the calculated breaking strength of a rope is reduced to take account of the reduction in
strength caused by a splice or other end termination

3.9
topsides
structures and equipment placed on a supporting structure (fixed or floating) to providey'some| or all of a
platform’s functions

NOTE 1 For a ship-shaped floating structure, the deck is not part of the topsides.
NOTE 2 For a jack-up, the hull is not part of the topsides.

NOTE 3 A separate fabricated deck or module support frame is part of the topsides.
[1ISQ 19900:2002, 2.38]

3.94
tow

marjine transportation of an object or its supporting barge by being pulled or pushed by tow vessel(g)

NOTE A tow can be defined into the following types:

— dry: marine transportation of an object with the\object located clear of the water aboard a barge or other unit;
— \vet: marine transportation of an object with the object floating directly in the water.

3.9

trailer

sysiem of steerable wheels, connégted to a central spine beam by hydraulic suspension that can be raised or
lowgred

3.97
trunnion
lift point on a structure) consisting of a tubular member or cast cantilever with a stopping plate|at the end,
aroyind which a sling,or grommet can be passed

NOTE An_upending trunnion is used to rotate a structure from horizontal to vertical, or vice versa, and the trunnion
forn]s a bearing point around which the sling, grommet or another structure rotates.

3.9

tug i
line between a winch and an object to control the orientation and position to prevent or reduce the motion, or
to position a lifted object during an installation operation

3.99

upending

process of changing the orientation of an object in the water from the horizontal to the vertical by means of
ballasting, flooding, by crane assistance or a combination of these techniques, or in air only by means of
crane assistance

EXAMPLE Upending in air only by means of crane assistance, e.g. of a flare.
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3.100
verification

-6:2009(E)

examination made to confirm that an activity, product, or service is in accordance with specified requirements

3.101
watertight

capability of preventing the penetration of water into or through the structure with a water pressure head
corresponding to that for which the surrounding structure is designed

[ISO 19904-1:2006, 3.50]

3.102

weather-reLtricted operation
marine opef

NOTE |
suitable factg

3.103

weathertight

capability o

NOTE A

[ISO 1990411:2006, 3.51]

3.104
weather-ur

marine opef

NOTE T

3.105

weather window

ation that can take place safely within the limits of a favourable weather forecast

is not necessary that the design weather criteria reflect the statistical extremes for the area’and seasgn. A
r should be applied between design weather criteria and operational weather limiting criteria.

preventing the penetration of water into the structure during temporary_exposure to water

watertight closing appliance is also considered weathertight.

restricted operation
ation that can take place safely in any weather condition that can be encountered during a seajson

he statistical extremes for the area and seasons are considered in the design weather criteria.

period of time, sufficient in length to safely cafry out a marine operation, for which forecast environmental

conditions fremain below prescribed limiting.operational environmental criteria

3.106

working load limit

WLL
maximum |[d

3.107

50/50 weight estimate
value repregentingithe median value in the probability distribution of weight estimates

[ISO 19901}15:-2003, 3.1.54]

ad that can safelybe applied to a rope, sling, grommet, shackle or lift point

NOTE 1 The actual weight is equally likely to be smaller or larger than the 50/50 weight estimate.

NOTE 2  The 50/50 weight estimate is used as the basis for weight budgeting.

14
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4 Symbols and abbreviated terms

4.1 Symbols

Aq, Ao, A3, areas under or between the wind heeling moment curve and the hydrostatic righting moment
curve (see Figures 2 and 3)

b breadth, expressed in metres

By total available buoyancy of the structure

B, reserve buoyancy, expressed in percent of B

d nominal diameter of a rope, sling or leg of a grommet, expressed in millimetres

dy, diameter of shackle pinhole, expressed in millimetres

dp diameter of shackle pin, expressed in millimetres

D minimum diameter over which a sling or grommet is bent, expressed in millimetres

S calculated percentage friction force

JfsF safety factor (in WSD method)

JsF. ksh safety factor for a shackle (in WSD method)

JsF v safety factor for component Y (in WSD method)
Y = SWRS; SCLS; FRS; SWRG or FRG

ngi design grommet force (for a complete grommet)

Fygt, 1 design force for one leg of a grommet

Fynl design hook load for a-one-crane lift

Fynl ; design hook load.on hook i for a two-hook lift

Fysf design sling force for a one-part sling

Fysd 2 parts design sling’force for each part of a two-part sling

Fuif minimum value of the breaking strength of a steel wire rope, expressed in kilonewtpns

Fy rominal hook load, expressed in kilonewtons

Frgt representative grommet force (for a complete grommet)

Frgtl4 representative force for one leg of a grommet

Fini representative hook load for a one-hook lift by a single crane

Fin i representative hook load on hook i for a two-hook lift (i = 1, 2)

Fgt representative sling force for a one-part sling

Fist, 2 parts representative sling force for each part of a two-part sling

Fornl, i nominal hook load, Fy,, statically resolved between hooks i =1, 2

Fgp continuous static bollard pull of each tug, expressed in kilonewtons
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Fes x

Fes x

Fps sh

Fpsyy

16

calculated strength (CRBL) of the body of component X in force terms, where X is a sling or
one leg of a grommet (see 18.4.2)

X =8WRS; SCLS; FRS; SWRG, 1 or FRG, 1

calculated strength (CGBL) of a complete grommet of type X in force terms (see 18.4.2)
X =8SWRG, 2 or FRG, 2

design strength of a shackle in force terms

design strength of component Y in force terms, where Y is a sling or a grommet (in PFD

40 4 )\

e A
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Y = SWRS; SCLS; FRS; SWRG or FRG

minimum value of the breaking strength of a steel wire rope, expressed in kilonewtons
minimum towline pull required, expressed in kilonewtons

representative strength of a shackle in force terms

representative strength of component Y in force terms, where Y .is-a sling or a grommet (see
18.4.5)

Y = SWRS; SCLS; FRS; SWRG or FRG
working load limit (WLL) of a shackle in force terms

working load limit (WLL) of component Y in force_terms, where Y is a sling or a grommet (in
WSD method, see 18.4.6)

Y = SWRS; SCLS; FRS; SWRG or FRG

acceleration of gravity, equal to 9,81 m/s2

height of cribbing above deck, expressed in millimetres

maximum anticipated wave height at the site during loadout, expressed in metres
significant wave height-expressed in metres

bending efficiencyfactor

CoG factor, the-value of which reflects the uncertainty in the position of the CoG when
statically distributing the lift weight between the lift points

dynamic-amplification factor
lateral force factor

CoG shift factor, the value of which reflects the uncertainty in the position of the CoG when

statically aistriouting the total nNooK load between the TwWo NOOKS

skew load factor, the value of which reflects unequal load sharing in an indeterminate lift
between slings that differ in length as a result of manufacturing tolerances

termination efficiency factor

tilt factor, the value of which reflects the effect of uneven heights of the crane hooks and/or
uneven hoisting speeds when statically distributing the total hook load between the two hooks

weight contingency factor

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901

-6:2009(E)

kyaw yaw factor, the value of which reflects the effect of yawing during lifting with two cranes when
statically distributing the lift weight between the lift points

K empirical factor for the minimum breaking strength for a given rope class and core type

ltreebd effective freeboard, expressed in metres

Loa length over all, expressed in metres

max(ahj) largest value of « for all i and all j

min(a, b) lower value of g and b

P calculated lateral force on a lift point due to known misalignment between the)ofientation of
the lift point and the sling direction (where applicable)

Py design lateral force on a lift point

Py design force on a lift point in line with the sling direction

Pyyi design vertical force on a lift point

Pyt representative lateral force on a lift point

Py representative force on a lift point in line with the sling direction

P representative vertical force on a lift point

Ry rope grade (tensile strength grade of the wires in the rope), expressed in newtonq per square
millimetre

Tt tug efficiency in the considered sea‘conditions, expressed in percent

w gross weight

W cargo weight, expressed.inkilonewtons

Wel calculated weight

Wiw nominal lift weight

(Walw)one crane  representative lift weight on a lift point for one-hook lifts by one crane

(Wil iwo cranes  FeRresentative lift weight on a lift point for lifts by two cranes

w, figging weight

Weali rigging weight associated with crane hook i (i =1, 2)

Wy weight of the sling

Werlw.i statically resolved lift weight for crane hook i (i =1, 2)

Wsriw,j statically resolved lift weight acting on lift point ;

Wstiw,i j statically resolved lift weight for crane hook i acting on lift point ;

Wonw weighed weight

Wy weight of the structure in air
heeling angle where the maximum hydrostatic righting moment occurs, expressed in degrees

B sum of the static wind heeling angle and the maximum roll angle, expressed in degrees

© 1SO 2009 — All rights reserved
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% partial action factor (in PFD method)

%ni partial action factor for hook load (in PFD method)

%lp partial action factor for forces on a lift point when designing lift points and their attachment to
the structure (in PFD method)

% mf partial action factor for forces on a lift point when designing structural members directly
supporting or framing into the lift points (in PFD method)

%#m partial a\ction factor for forces on a lift point when designing other structural members (in PFD
methad

%s partial action factor for forces in slings, grommets and shackles (in PFD method)

R partial resistance factor (in PFD method)

R.sh partial resistance factor for a shackle (in PFD method)

RY partial resistance factor for component Y (in PFD method)

Y = SWRS; SCLS; FRS; SWRG or FRG
Bmax maximum dynamic heeling angle due to wind and waves, expressed in degrees

1 angle between the sling and the horizontal plane, expressed in degrees

4.2 Abbreviated terms

CGBL calculated grommet breaking load (see 18.4.1)
CoG centre of gravity

COLREGS Convention on International Regulations for Preventing Collisions at Sea, 1972, as amended
CRBL calculated rope breaking load(see 18.4.1)

CSBL calculated sling breaking load (see 18.4.1)

DAF dynamic amplificationfactor

DDCV deep draught caisson vessel

DDF deep draughtfloater

DP dynamig,positioning

EPBD emergency preparedness bridging document
FMEA failure modes and effects analysis

FPS floating production system

FPSO floating production, storage and offloading vessel
FPSS floating production semi-submersible

FRG fibre rope grommet (see 18.1)

FRS fibre rope sling (see 18.1)

GBS gravity base structure

HAZID hazard identification study
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HSE health, safety and environment

IACS International Association of Classification Societies

IMCA International Marine Contractors Association

IMO International Maritime Organization

IOPP international oil pollution prevention

ISM international safety management

ISO, International Organization for Standardization

ISPB international ship and port facility security

IWRC independent wire rope core

MARPOL international convention for the prevention of pollution from ships

MB$ minimum breaking strength

MO mobile offshore unit

NDT non-destructive testing

NTE not-to-exceed

PFL partial factor design

PM$ positioning monitoring system

PNR point of no return

QRA quantitative risk analysis (e assessment)

RC$ recognized classification,society

RO remotely operated.vehicle

SCLS steel cable-laidisling (see 18.1)

SKL skew load)factor

SMC safety management certificate

SOLAS International Convention for the Safety of Life at Sea, 1974, as amended

SPMT self-propelled modular transporters: a trailer system having its own integral
steering, jacking, control and power systems

SSCV semi-submersible crane vessel

SWL safe working load

SWRG steel wire rope grommet (see 18.1)

SWRS steel wire rope sling (see 18.1)

TLP tension leg platform

UHC ultimate holding capacity of drag anchors

ULS ultimate limit states

© 1SO 2009 — All rights reserved
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working load limit (see 18.4.1)

working stress design

5 General considerations

5.1 Introduction
5.1.1 General
Marine operations for offshore installation include transient marine movements and other activities where

structure or|
— loadou
— launch
— float-ou
— wetor
— tempon

— constry

— installation by means of launching or float-off, upending, lowering by ballasting, float-over or lifting;
— installation of anchor foundations;

— installation of permanent moorings, including teéndons;

— conneq
— scourg
— decom

This part off
during the t

components

General req
are contain

the operation is at risk from the marine environment. Such operations can include
from shore to barge or vessel,;

ng from shore to water;

t from dry docks;

Iry towage and other marine transportations;

ary moorings and stationkeeping during construction;

ction and outfitting afloat;

tion to permanent moorings and tendons;

rotection;

missioning and total or partial removal of the structure.
ISO 19901 gives-requirements and guidance on the planning and execution of marine operat

emporary phases’of construction, transportation and installation of the various structures and

p.

uireménts and guidance on safety and emergency issues, and reference to applicable legislg
d Jih 5.1.2 to 5.10. Effective management of these issues requires full knowledge of applic

the

ons
heir

tion
able

regulatory r|

bquirements.

5.1.2 Safety requirements

The overall objective of the safety of marine operations is to perform all operational activities at minimum risk
of accidents or incidents to personnel, environment and property. This can be met if

— the operation is designed taking into account the statistical weather extremes for the area and season;

— the operational weather conditions, chosen at values smaller than the specified limiting conditions, are
forecast for a sufficiently long period to enable completion of the operation;

20
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the required equipment, vessels and other means are designed and checked for adequate performance

with respect to their intended use;

there is redundancy in the equipment provided to cover possible breakdown situations;

the operations are planned, in nature and duration, such that accidental situations, breakdowns or delays

have a very low probability of occurrence and are covered by detailed contingency plans;

adequate documentation has been prepared for a safe, step-by-step execution of the operation, with clear

indications of the organization and chain of command,;

5.2

5.2.

Platform construction and marine operations are subject to approval by @appropriate parties in due

actuy
and
ope
juris

5.2.

Ino
info
ves
con

For
the
the

Bef

amendments to the instruments referenced above, careful consideration should be exercised.

The)
Ins

Ref

reqlirements, as applicable, to vessels under their jurisdiction. Where these are not adopted and

the

the operations are conducted by competent personnel;

safe systems of work are devised in light of a systematic risk assessment.
Jurisdiction

1 Introduction

al activities commence. Thus, national and international regulatiofs*and guidelines on persg
protection of the environment are the governing requirements. It should also be noted
rations can involve more than one nation’s area of jurisdigtion and that, for barges and
diction of the flag state applies.

P Life at sea

rder to respect life at sea, information with respect to conventions, codes and guidelines is re
‘mation is subdivided into separate provisians with respect to vessels on international v
bels on domestic voyages, and is furthercsubdivided to separately address mandatory instr
ventions) and recommendatory instruments (i.e. codes and recommendations).

vessels on international voyages,the vessel’s flag state generally requires the vessel’'s com
nternational conventions identified in References [1] to [7]. Such compliance is generally demg
ssuance of the relevant certificate mandated by the convention.

pre selection of any vessel where the vessel's flag state is not party to the most recent
international conyentions identified in References [1] to [7] do not necessarily apply to domes
Lich cases, national standards offering equivalent levels of safety should be applied.

brences.[8) to [18] provide recommendations that the flag state can adopt and apply as

flag state, national standards offering equivalent levels of safety should be applied.

time before
nnel safety
that marine
essels, the

quired. The
byages and
iments (i.e.

bliance with
nstrated by

protocols or

ic voyages.

mandatory
applied by

5.2.3 Environment

The legislation for the protection of the environment is evolutionary and covers various purposes. It is
embodied in a number of instruments of broad scope, from the law of the sea and general practices covering
natural resources exploitation, protection of marine environment, pollution and dumping of waste, through to
international conventions, regional conventions and national rules.

App

licable international conventions can be found in References [19] to [24].
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5.3 HSE

A HSE plan

plan

shall be established. The objectives of the plan shall be

to document the HSE standards, processes and procedures that apply to the work;

reasonably practicable;

to ensure that safety is inherent in planning and design of the work;

to identify, assess and manage hazards and risks arising from the work, reducing them to as low as

to ensu

The plan s
execution o

Selected ag

The use of
5.4 Risk

541 Intr
For risk ma
The overall

Risk manag
This objecti

identifi
assess|
preven

control

measu

Each marin
operations,

re minimal impact on the environment;

to protect the health of the workforce.

hall include HSE activities during all phases of the work, from planning and design throug
f the operation.

tivities are described in 5.4 to 5.10.

hlcohol, drugs or narcotics by personnel involved in marine operations is not permitted.
management

bduction
hagement, ISO 17776 and the provisions of 5.4 and\5.5 apply.
responsibility for risk management shall be clearly defined when planning marine operations.

ement shall be applied to the project to reduce the effects of hazards and to limit the overall
ve can be achieved by addressing the(ollowing functions in turn:

ation of potential hazards;

ment of risk potential;

ion to avoid hazards:wherever possible;

to reduce the potential consequences of unavoidable hazards;
res to mitigate the consequences of an incident, should one occur.

e operation, including each major system that is essential to the performance and safety of mg
€.g. power generation and supply systems, ballast and compressed air systems, shal

risk.

rine
be

subjected t

J TIgoTouUs ttazard study:

Personnel and organizations involved in marine operations, as well as those involved in the design and
operation of the systems, shall take part in the hazard studies.

It is recommended that consequence assessment be used to rank the probabilities and consequences of

various eve

nts, to form a basis for further investigation if necessary.

5.4.2 Techniques to evaluate risks

54.21

22

Appropriate techniques to evaluate risks include, but are not limited to,
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execution implementation: job safety analyses, hazard hunts and tool box talks, which can be applied

at field supervision level.

5.4.2.2 QRA techniques can be used

to compare levels of risk between alternative proposals or between known and novel methods; and

to enable rational choices to be made between alternatives.

5.5

Job

The
stat
top

5.6
An

recq
pop,

5.7

Job safety analysis
safety analysis should be performed to detail the
sequence of the operation;
equipment to be used at each stage;
hazards to be controlled;
precautions to take and the responsibilities of persons involved.

analysis should be performed and documented by the marine contractor as a basis for

Environmental impact study

environmental impact study should be carried out, where appropriate, to identify and deal wi
gnized risks to the environment (e.g. waste management, disposal at sea) or to person

Manning, qualifications, job and safety training

Per
SO

knowledge of the English language. Supervisors should possess a thorough knowledge of the enti
under their control and-have prior experience with similar operations. Other key personnel s
knowledge and experience within their area of responsibility.

Quglification requirements for job categories critical to safe operations shall be specified. See Re
for fegulations.on safe manning. Before commencement of an operation, personnel involved shoul
by the supervisors regarding responsibilities, communication, work procedures and safety, as wel
step-by-step run-through of the operation.

sonnel shall be appropriately qualified, trained and assessed for the work they are expected t
s to ensure that they.can’ undertake that work competently. All personnel should also hay

ulation and wildlife (e.g. toxicity, explosives, radiation, noise, vibrations and other disturbances).

the method

ement for the operation. When completed, the results of the job safety analysis should be comnmunicated
ersonnel involved in the various operation activities through kick-off meetings and tool-box talks.

th generally
nel, and to

b undertake
e adequate
e operation
hould have

ference [25]
H be briefed
as given a

Job-specific training should be carried out and should cover the following topics:

general and specific site regulations;
legal obligations;
instructions regarding the operation in question and any associated activities;

instructions regarding the use of the plant and equipment.

Computer simulations, model tests and simulator training of the operation can give valuable information for the
personnel carrying out the operation.
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Personnel should receive safety training in accordance with the requirements of applicable national and
international conventions, codes and guidelines. The training should include general safety requirements,
emergency training and drills as appropriate to the job requirements and locations in which work is to be
performed.

Fire and evacuation alarms should be periodically tested, and drills should be carried out periodically, or as
required by safety legislation. Where more than one manned platform or vessel is affected by the construction
activities, consideration should be given to joint emergency drills.

Finally, an up-to-date list with information of next of kin should be maintained.

5.8 Incident reporting

During marine operations, incident reporting depends on the contract requirements and governmental
regulations jand can include

— periodig reports;
— incident, accident and near-miss accident reports;

— pollutign or substantial threat of pollution reports.

5.9 Perspnnel tracking

A suitable security and tracking system should be in use to

— record the presence of personnel on the installation and supporting vessels;
— track their whereabouts;

— restrict|access to certain areas to authorized personnel only, if required.

5.10 Approval by national authorities

National authorities can decide to surveysand approve the operations, or parts thereof.

6 Organization, documentation and planning

6.1 Introduction

The organization, docdmentation and planning that shall be set up for the performance of marine operatjons
are outlined in 6i2-to 6.7. The degree of documentation shall suit the complexity and risks involved in| the
operation.

6.2 Organization and communication

6.2.1 Project organization

An appropriate organization shall be set up, illustrating how the marine operations integrate with the rest of the
project. Key responsibilities shall be clearly defined. The responsibilities and reporting lines shown on the
organization chart shall include

— owner's organization and project management for the project;

— contractor's project management for the project;
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— engineering design;
— procurement;

— construction;

— marine operations;

— HSE;

nraolact-cantrole-s
ProjeotSorTors;

— |quality;

— |interface management.

6.2.2 Operational organization
Separate organization charts shall be drawn up for each marine operation,~showing the reporting jine into the
project organization. The details of the organization charts and their overall setup should be corjsistent with
the [size or complexity of the project and should be limited to the parties actually involved. Each|operational
organization chart should indicate, as appropriate, the functional linksramong the following entities:
— |owner’s representative;

— |overall project management;

— | operational management;

— |towing vessels;

— | mooring systems and marine spread,;

— | ballast system operation;

— | weather forecasting;

— |support services;

— |advisory panel\providing expertise as required;

— |HSE;

— | statutory, regulatory and approving bodies.

In each case, the responsibilities and duties of each function should be clearly defined and published to
minimize uncertainties and overlapping responsibilities.

Where transfer of responsibility is involved, the hand-over period from one organization to another (e.g.
fabrication to marine operations, or onshore to offshore) should be identified.

During ongoing marine operations, the selection of site team members shall be limited to those persons with
defined roles during the operation. Any organizational changes that are part of an emergency response should
be clearly identified. Back-up services, including emergency services, contingency assistance and technical
advisory services, shall be identified and appropriately located.

Communication systems, including radio channels, telephone, telefax, e-mail and out-of-hours numbers, shall
be identified.
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Personnel changes that occur during the course of an operation as a result of shift changes should be
identified. Every effort should be made to avoid changes of personnel during critical stages of the operation.

Key person

NOTE

6.3 Qual

nel participating in a marine operation shall communicate in one language.

For preparation of appropriate operational manuals, see 6.5.2.

ity assurance and administrative procedures

An acceptable quality management system shall be in place and all activities shall be managed through it. A

system suc

h as the SO 9000 series [26] ar any other pqnally nrrpptahlp quham, may he used

Operators ¢
ISM certific

6.4 Tech
Technical pj

These proc
on matters

the use
the use
project
design
metocsq

calcula

f vessels shall have a management system in compliance with the ISM Code [¥], verified by
htes; see 6.6.2.

nical procedures
rocedures shall be set up to control the design and engineering related to marine activities.

bdures shall define the use of applicable technical standards and ensure-agreement and unifor
such as

of international and national standards;

of certifying authority/regulatory body standards;
criteria;

premises;

an criteria;

tion procedures;

alid

mity

— responge forecasting.
Design premises are defined as-the’fundamental principles and philosophy upon which the outline |and
detailed depign of a marine operation are based; design premises include, among others, design criteria,

methods of|analysis and a description of software used.

Marine operations involving-complex procedures that are not proven by past experience shall require analysis
and/or the [performance~of simulations and/or model tests in order to demonstrate the adequacy of| the
planned procedures. Such analyses, simulations or model tests shall be used primarily to investigate| the
anticipated motions-and the stability of the structure during any critical phases of marine operations.

6.5 Technicali-documentation

6.5.1 Document numbering system

The document numbering system used for marine operations should normally follow and comply with the
overall numbering system already in place for the project. As an alternative, a specific document numbering
system and document register may be used.

Marine operations documents shall be clearly identified by number, revision and date, type of document,
discipline involved and review status.
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6.5.2 Marine operations documents

6.5.2.1

for example

design basis and criteria documents;

marine operations procedures documents;

Documents relating to marine operations should be grouped into levels according to their status,

supporting documents, including definitions of actions, structural and naval architectural calculations,

systems operational manuals, equipment specifications and decommissioning reports

Pro
sec
doc

Dod
oro

6.5.
ope

cedure documents that are intended for use as an active tool during marine operations-shou
ion that clearly shows their reference to higher and lower level documents and should" list
Liments.

uments listed in a marine operations procedures document should be availabléyand accessib
n-site close to the operation for reference by anyone that is involved.

.2 Elements that are considered essential and that should be included in, or referred to &
Fations document are the following:

introduction;

reference documents;

outline execution plan;

organigram and lines of command;
job descriptions for key personnel;

safety plan, including a description\of safety equipment, the location and signalization of sg
and requirements for personnel training;

information on authorities and*permits, including notification requirements;
contractual approvals(and hand-over;
environmental eriteria, including design and operational criteria;

operationalbar chart, showing the anticipated duration of each activity, interrelated activities, K
points and/hold points;

preparations, surveys and outline check lists;

d include a
interrelated

le on board

y, @ marine

fety routes,

ey decision

specific step-by-step instructions for each phase of the operation, including sequence,
resources;

contingency plans;

timing and

results of related calculations, e.g. environmental actions, moorings, ballast, stability, bollard pull;

appendices listing more detailed information, such as drawings, calculations, equipment specifications,

site information, dimensional control, operational monitoring and control systems, logging of
control parameters, communication systems, ROV procedures, check lists;

EPBD.
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6.5.3 Operational schedule

A detailed activity schedule should be established showing how the marine operation is planned. The
schedule should be presented as an operational bar chart, showing the duration of each activity, interrelated
activities, key decision points and hold points.

For weather-restricted activities, the duration shall be set equal to the planned duration plus estimated
contingency time. Risk analysis should be used as an assisting tool to establish realistic contingency times.

6.5.4 Contingency philosophy

Marine ope

Where ther

the latter cgse, the vessel(s) should be able to return to a safe condition or safe haven withindhe avail

time, even i

To be ablg
redundancy

Back-up sy
For system
number of
redundancy
Spare parts

personnel 3
check the €

6.5.5 Con
For emerge

Contingenc
developed f

occurrg
planne
structu
failure

failure

rations shall include contingency and back-up plans.
b are limits on an operation, the operation shall either be completed within the limits or aborte
f a breakdown occurs to any system or equipment.

to meet such requirements, essential systems, parts of systems or equipment should H
systems, back-up systems or back-up system alternatives.

stems may be an integrated part of the primary system when feasible:
s consisting of several units, back-up or redundancy may /Mbe"provided by having a suffig
spare units available on-site. The time required for the 4ransfer of operations to back-u
systems should be assessed.

and key service personnel should be available on-site or on stand-by. If key parts and ser

re on stand-by, then the time taken to mobilize them to the site should be assessed in ordg
ffectiveness of the contingency arrangements.

tingency planning and emergency procedures
ncy procedures and response, 1ISO-15544 and the provisions of 6.5.5 and 6.5.6 apply.

y and emergency planning shall form part of the general operational procedures. Plans sha
or foreseeable emergenciesthat can be identified by a risk assessment, which can include

nce of severe weather orsea states in excess of allowable metocean criteria;
 precautionary aetion in the event of forecast severe weather;
ral or stability-parameters approaching pre-set limits;

bf ballast or compressed air system;

i. In
able

ave

ient

D or

vice
r to

| be

bf eguipment, such as lift system;

loss of
loss of
loss of

fire;

28

communication;
vessel or barge control;

electrical power;

collision;

pollution;
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— leakage;

— structural failure;
— mooring line failure;
— man overboard;

— personnel accidents or medical emergencies;

madiceal avacuation-from-ramotalocatione:
TreaTrtcoCyatTuctrorT T o T e oteToCotoTrs;

— |grounding;
— |unexpected water depth limitations or sea floor hazards;
— | piracy, mutiny, terrorism, or other unauthorized intervention.

Emergency procedures for all phases of marine operations should be prepared to cover foreseeable hazards,
incliiding those due to adverse weather conditions, human errors, technical’failures and associated changes
on the configuration of the operations underway.

The| procedures should include details on alarm signals, reporting, ¢ommunication, organization gnd required
equjpment, for instance personnel rescue means and fire-fightingiequipment.

The] project operational organization shall be prepared to manage, as contingency measures, any|changes to
an agreed procedure arising from an emergency situation not previously identified in hazard studies. The
management of such an unforeseen situation shall support any decision made by means of adequpte risk and
safgty assessment tools as described in 5.4 and 5.5.

6.5.6 Emergency preparedness bridging‘document

Progedures issued by parties involved in a marine operation should be compatible with each| other, and
gathered in an emergency preparedness bridging document (EPBD).

In the event of an emergency situation, the EPBD should define who is the on-scene commander and his role,
and|the interfaces between the)various parties involved.

Thel EPBD should alseinclude a flow chart outlining the responsibility for notifying a maritime| rescue co-
ordipation centre and,7if necessary, onshore base organizations, the owner and public relations.

The| extent of any onshore support required depends on the nature and scale of the emergengy situation.
Shquld onshore support be required, the EPBD should define which emergency response organization among
the Jnvolved.parties takes primacy in the organization of the onshore support.

6.6 _Certification-and documentation

6.6.1 General

Statutory obligations for documentation and certification requirements for any particular structure, vessel or
operation shall be determined in advance. For each document required, the issuing authority and the
applicable rules shall be identified.

A project assurance plan should be established, defining the minimum requirements for vessel certification
and for the reports from inspection and maintenance condition surveys.

A complete and updated list of certificates and documents that it is required to carry on board ships is given in
Reference [27]. A review of the required and recommended documents is given in 6.6.2 and in A.2.
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The certification, documentation and all correspondence should be in English. Where the original certification,
documentation or correspondence is not in English, a reliable translation into English or another agreed

working lan

guage should be provided.

6.6.2 Required or recommended documentation

Table 1 lists the documentation that is either required or recommended for transportation of various types of
vessels and floating structures.

For marine operations in general, at least some, if not all, of the documentation listed in Table 1 is mandatory

for complignce with international legislation Specialist advice should be obtained regarding required
documentation.
Vessels inyolved in the performance of marine operations should be in possession of a ceriificat¢ of
compliance| with the ISM Code [°], demonstrating that the company owning the vessel(s) has developed |and
put into effdct a vessel safety management system in line therewith.
In addition] vessels carrying crew and passengers should carry an international ship”security certificate
indicating that they comply with the requirements of the ISPS Code.
6.7 Systpms and equipment
6.7.1 Gerleral
Operational systems and equipment should be tested and commissiened prior to the operation.
Vessels, systems and equipment required for installation operations should be in good condition with
appropriate| certification (see also Table 1), and fit for the purpose for which they are intended. They shpuld
have the cppability and capacity to operate effectively.under the environment and actions for which|the
operation i designed. They should be used in accordance with manufacturer’s instructions and procedyres.
Where possible, they should be designed to be fail*safe and should possess an adequate level of reliability
and redundpncy.
6.7.2 Marjne vessels
Marine vessgels and their equipment should be inspected prior to the operation to confirm their suitability |and
validity of certification, as applicable for the type of vessel and voyage planned; see 6.6.
Vessel stafjility should be in aceordance with Clause 9 throughout all stages of the operation, unless it cap be
shown that| reduced stability,requirements can be accepted. For example, during phases of deck mating,
taking accopnt of the redteed environmental conditions and the partial restraints of the structure to the vegsel,
reduced stgbility criteriaimay be considered.
Table 1 — Required or recommended documentation for the transportation
of various types of vessels and floating structures [271.[36]
Offshore Barge FPSO Other
Cargo construction | All towage
Document @ towage towage towage
vessel vessel/ (manned)
(unmanned) | (unmanned) | (unmanned)
supply/tug

Required documents

1 | Certificate of registry — — —

2 | Certificate of class (hull) v —

3 [Certificate of class v v v — —

(machinery)

30
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c Offshorfa Barge FPSO Other
a argo construction | All towage
Document vessel vessel/ (manned) towage towage towage
(unmanned) | (unmanned) | (unmanned)
supply/tug
4 | International tonnage v v v v — —
certificate
5 | Cargo ship safety v v v — — —
construction certificate
6 || Cargo ship safety v 4 v — — —
equipment certificate
7 || Certificates for navigation — — — v v v
lights and shapes
8 || Load line certificate 4 v v — —
9 || Load line exemption — — — v v v
10 || MARPOL and IOPP® v v v — — —
certificate
11 || Safety management v v v — — —
certificate (SMC)
12 || Customs clearance v v v
13 || De-rat certificate, or v v — — —
exemption
14 || Safety radio certificate 4 v — — —
15 || Stability booklet v v v v
16 || ISPS certificate v
17 || Bollard pull certificate — v — — — —
18 || Certificates for bridle, tow — v 4 v v v
wires, pennants,
stretchers and shackles
19|[ Suez or Panama Canal v v 4 v v v
documentation (if
relevant)
20 || Certificates for life-saving v v 4 — — —
appliances
21 || Minimum safé-manning v v v — — —
document
22 || Musterist v v v — — —
Re¢ommended documents, where applicable
23 | Medicine certificate 4 v — — —
24 |POB list v v — — —
25 [Installation certificate for 4 v v v
gas welding equipment
26 |Lift certificate
27 | Certificate for 4 v v v v
transportation of
dangerous
cargoes/chemicals, etc.
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Table 1 (continued)
Offshorfe Barge FPSO Other
Cargo construction | All towage
Document @ towage towage towage
vessel vessel/ (manned)
(unmanned) | (unmanned) | (unmanned)
supply/tug
28 | Damage control plans and v v v v v v
booklets
29 | Certificate of class (DP — 4 — — — —
systems if applicable)
30 | Certifichte of class — v — — — —
(propulkion systems)
31 | Certificpte of class (safety — 4 — — — —
construction)
32 | Certificpte of class (safety — 4 — — — —
equipment)
@  See A.2 for guidance.
b Not requ|red for unmanned towages unless fitted with machinery.
NOTE 1  Smaller vessels (cargo vessels and offshore construction vessels, including supply vessels and tugs) can be exempt from
some certificgtion requirements.
NOTE 2 Sgme documents are not required for inland voyages or inland towages.
7 Metoc¢ean and earthquake requirements
71 Intrj:uction
It can be impractical and/or uneconomical to plan-to perform marine operations in extreme environmental
conditions. [Consequently, marine operations ,are-generally weather-sensitive, requiring weather windows of
minimum dyration with specified limits on thexmetocean parameters during which the marine operations|can
be performId. Setting the limits too high can lead to unacceptable risk, whereas setting the limits too low|can
lead to excgssive waiting times.
Metocean parameters limiting epvirohnmental conditions shall comply with 1SO 19901-1. With regards to
marine opefations, reference shall-be made specifically to ISO 19901-1:2005, 5.9, which deals with metogean
parameters|for short-term activities.
Metocean (¢riteria for marine operations shall provide a realistic evaluation of the sensitivity of a mdrine
operation t¢ meteorological and oceanographic conditions. These criteria are a major step to ensuring| the

safe execufion of a‘marine operation. The metocean criteria shall be obtained by establishing limiting criferia

for the metpcean; parameters by which the meteorological and oceanographic conditions are characteri
The responge-characteristics of particular installation vessels to specific aspects of the metocean environn
shall be considered when establishing these limiting criteria

red.
hent

A set of limiting metocean criteria that is dependent on the type and duration of the operation shall be

established
wind m
wave h
current

Operations

32

. Such criteria shall include, but not be limited to,
agnitude and direction,
eight and period,

magnitude and direction,

swell magnitude and direction.

can be defined as weather-restricted or weather-unrestricted; see 7.2.
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The risk of subjecting a marine operation to an extreme event exceeding the defined metocean criteria varies
with location, and regard should be paid to local codes of practice. The meteorological conditions that are
specific to particular geographical areas (such as arctic, temperate, tropical and equatorial areas) should be
considered. Oceanographic conditions that are swell-dominated or swell-protected and have significant
currents due to tide, ocean circulation and local rivers should also be considered.

Appropriate weather policies shall be established and documented to secure a good prospect of personnel
survival in the event of evacuation, escape and rescue.

Some consideration to earthquakes is given in 7.8.

7.2| Weather-restricted/weather-unrestricted operations

7.2l Weather-restricted operations
A weather-restricted operation is a marine operation that can be completed within(the' limits of g favourable

wedther forecast. The reliability of weather forecasts is such that weather-restricted operations should
gengrally be completed within 72 h.

7.2.2 Weather-unrestricted operations
Weather-unrestricted operations can safely take place in any weather condition that can be gncountered

during a season. The weather condition(s) shall reflect the statistical extremes for the area and season
congerned.

7.3|] Metocean conditions

7.3.0 Wind

Wind conditions shall be considered in the plahhing and engineering of marine operations. For the description
of the wind parameters, reference is madeto.1ISO 19901-1.

7.3.2 Wave and swell conditions

Waye conditions shall be considered in the planning and engineering of marine operations. For theg description
of the wave and swell parameters, reference is made to ISO 19901-1.

If swell has a noticeable-€ffect on the operation, the response of the vessel to combined wind-drivgn seas and
swelll should be evaluated. In shallow water, lateral surge motions due to shoaling swell and se¢cond order
wawe drift actions-should be considered.

For|operations Jinvolving phases that are sensitive to large or extreme wave heights, such as temporary on-
bottbm stability, the maximum wave height and associated period should be used.

For|precise operations that are sensitive to small fluctuations of the sea level, even under calin sea state
conditions, the occurrence ot long period, small amplitude swell on the site should be checked.

Attention should also be paid to particular site conditions that are prone to current acting against the waves,
which can amplify wave steepness.

7.3.3 Current

7.3.31 Current conditions shall be considered in the planning and engineering of marine operations. For
the description of the current parameters, reference is made to ISO 19901-1.

For marine operations, data and forecasts should be provided for current speed and direction including, as
appropriate, current profiles from the surface to the sea floor.
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7.3.3.2 Current can be divided into six different components:
— wind-generated current, which is typically a surface current in the direction of the wind;

— ocean currents (for example the Gulf Stream), which can have homogenous flow down to several
hundred metres;

— tidal current, which can also be felt down to a considerable depth below the surface although the
velocities normally decrease with depth;

—  freshwater_autflow (ri\/pr gpnprafpd) which is typir‘nlly a surface current:

— local cdirrent phenomena, such as loop (inertial), soliton (internal) and topographical currents;
— bottom|currents.

7.3.3.3 To be able to forecast current with the required reliability, the following is normally necessary:

—

— for sitep where tidal current dominates, measurement during at least one complete lunar cycle during the

same deason of the year as the actual planned operation;
— for sitep where the complexity of the bathymetry (topographical current) can generate unstable flow, real-
time cdrrent measurements with devices that record the current velocity and direction, with readoufs at

variouqd depths; an example is the shedding of current stream around land obstacles that can introduce
macro portices in the main current flow.

7.3.4 Othpr metocean factors

Other factofs and combinations of factors that can be critical and shall be considered include

— combinjations of wind, wave and current;

— water lgvel, including tide and surge;

— restricted visibility;

— seaicd, icebergs, snow and ice aecretion on topsides and structure, exceptionally low temperatures;
— tropical cyclones, dust sterms and wind squalls;

— water density and salinity;

— precipifation;

— air tempetature;

— water temperature.

Additional guidance and recommendations for operations in ice-affected waters for certain geographic areas
can be found in Annex B.

7.3.5 Temperature

The occurrence of extreme high and low environmental temperatures shall be considered for their effect on
equipment, operations and personnel. Very low or high temperature can adversely affect hydraulic, pneumatic,
ballasting and mechanical systems. Changes in operational fluids can be required and auxiliary heating or
cooling systems can be necessary. Personnel activities can be affected by temperature.
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7.3.6 Marine growth

The effect of marine growth on corrosion, weight, effective diameter and surface roughness shall be
considered.

7.4

7.41

Metocean criteria

Design and operational criteria

For each specific phase of a marine operation, the design and operational metocean criteria shall be defined

as fi

7.4,

Met
con
wed
plan
peri
ope

~

dq

bey

The)
haz
are

pitows:

The design criteria are that set of values for the metocean parameters (wind, wave, current,
visibility, water density, water salinity, water temperature, marine growth and icing), for w|
calculations are carried out, and against which the structure and/or operation is checked.

For the design metocean parameters, the directionality of waves, wind and cudrrent shall be co

For weather-unrestricted operations, the operational metocean criteria.-are’/the same as the de
although lower values can be set for practical reasons.

For weather-restricted operations, the operational metocean/criteria are that set of val
metocean parameters (wind, wave, current, water level, visibility, water density, water sa
temperature, marine growth and icing), which are not exceeded at the start of the operation an
forecast not to be exceeded for the duration of the operation, allowing for contingencies.

P Return periods
bcean criteria for marine operations depend on the planned duration of the operatio

ther-restricted operations for which a_ specific weather window may be defined, while opera
ned duration of more than three days ;should be considered as weather-unrestricted operati
bds of the metocean parameters for weather-unrestricted operations may be estimated as a m
Fational duration; a minimum 10 times the duration of the operation may be used.

reas with consistent weather patterns, the duration of a weather-restricted operation may
bnd three days, if such an-extension can be justified by appropriate documentation.

choice of return periods should be based on the consequence of failure of the operation. Tl
ard curve of the~sea state should also be considered. As general guidance, the periods in Ta
based on North-Sea weather conditions, may be applied. Return periods can depend on locatid

Table 2 — General guidance for return periods of metocean parameters
for weather-unrestricted operations (based on North Sea conditions)

water level,
hich design

nsidered.

sign criteria,

les for the
inity, water
d which are

n including

ingency. Generally, operations with a planned duration of up to three days may be considered as

tions with a
bns. Return
iltiple of the

e extended

he regional
ble 2, which
n.

Buration-of-the-operation——Returnperiods-of metoceanparameters

Up to 3 days Specific weather window to be defined

3 days to 1 week 1 year, seasonal

1 week to 1 month 10 year, seasonal

1 month to 1 year 100 year, seasonal

More than 1 year 100 year, all year
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7.4.3 Response-based analysis

For critical, long-duration marine activities, or operations in complex offshore environments where wind, sea,
swell and currents are all significant, an analysis of the vessel responses should be conducted. Through
numerical simulations, statistical estimates of the vessel or component behaviour can be directly
characterized. This technique is especially important when more than a single directional parameter can

dictate the response and, therefore, the sensitivity of the operation.

7.4.4 Probability distributions of sea state parameters

In order to |
period, the
distributiong
direction. F

7.5 Wea

7.51

Weather-re
probability
considered

In mature 3
exist or can
achieving t
available cg

Considerati
remaining
operation, t

Weather wi
For examp
conditions

7.5.2 Imp

uni- and bi-variable distributions should be examined. This includes the joint frequg
of significant wave height and period, and wind speed, wave height and current speged.ve
br those parameters that dictate operability, weather windows should be computed.

her windows

Weather-restricted operations

stricted operations shall be planned using reliable time history data that indicate not only
bf not exceeding the limiting criteria but also the persistence of such conditions for the seg

reas like the North Sea, this information is normally availablejbut in other areas it does not alw
be difficult to obtain. In some cases, limitations in the availability of data can be compensated
ne same level of confidence, by applying statistical .extrapolation methods. The quality of
n influence the assessment of overall risk.

pn shall be given to applying a reduction fagtor to the limiting criteria in order to accoun
incertainties. The reduction factor should_be determined as a function of the duration of
ne number of data sources and the quality.ef the available data.

hdows should be developed based-on-thresholds of the key sensitive parameters of the opera

e, based on known limiting thresholds for wind and wave, the duration statistics for favour
hould be computed.

jact on design

During the dlesign stage of the marine operation, the following shall be considered:

measu

redesid
conditi

possibl

f'es to make the-Operation more efficient and provide more margin on the weather window;

n of the. eperation to tolerate higher metocean parameters (higher waves, current and
bNS);

eak
ncy
['sus

the
son

ays
for,
Hata

for
the

ion.
Able

vind

contnaencyvesituations—and back-un and cstand-hv measures-
CORHRgeRGY-SHHaHORS—H SHe-Staa-uy-h FO5;

oot

possible delays to previous activities, which can push the operation into an unfavourable season.

7.5.3 Margins on weather

A margin shall be added to the design weather criteria, if these are based on statistical maxima. The margin
accounts for inaccuracies in the calculation model and the probability of exceeding the maxima. For precise
operations, a margin of 20% on critical parameters is recommended. For other operations, it is a matter of
judgement.
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7.6 Operational duration

7.6.1 Time schedule

7.6.1.1 For defining the weather window required for a time-critical marine operation, the scheduled plan
of the operational duration shall be as realistic as possible.

The window duration shall have necessary margins for

— inaccuracy in operational schedule;

— |technical or operational delays;

— |uncertainty in the environmental statistics;

— |accuracy of the metocean forecast.

7.6.1.2 The forecast window duration shall be in excess of the total critical operational schedule. This
shopld be evaluated against a background of the planned operation and the. cohsequences of excgedance. As

agu

7.6.
We
bro

con
prog

The)
the

7.7

7.7.

Forg

regular intervals dependent on the operation, with the intervals not exceeding 12 h.

ideline, the following points should be considered:
extra allowance for operations with vulnerable or critical equipmént;

reduced allowance for operations with a time schedule based on previous similar operations;

predict.

P Point of no return

ther-restricted operations shall be divided-into a series of phases where the operation can be
ght to a safe condition within the remainder of the existing weather window. The weather wind
Hitions remain below operational criteria shall be of sufficient duration to reach a safe cond
eeding beyond the point of no return (PNR).

reliability of the weather window is crucial for the critical period during an operation between a
structure reaching a safe‘situation.

Metocean forecast

1 General

pcasts shall be obtained before and during marine operations. The forecast shall be issued

For

extra allowance for operations in geographical areas, and/or seasons where conditions ar¢ difficult to

aborted and
ow in which
ition before

hy PNR and

at suitable

r\r\mnlnv andior Innn weather-restricted nharohnne fnrnr\gefor(e\ with-lacal ovnorlnnnn shall p

referably be

present on-site to check the local situation and prowde regular weather briefing based on forecasts from two
independent sources. This applies to major marine operations such as

float-over topsides;

float-out;

GBS tow out;

offshore installation and lifting;

sensitive barge towing.
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7.7.2 Forecast parameters

The forecast should cover short- and medium-term and outlook periods, and should include

synops

is, barometric pressure, temperature;

the wind speed should indicate 1 min and 1 h means and also indicate wind gusts;

waves and swell, including significant and maximum height, direction and period;

wind direction and speed, where the speed should be given for 10 m and 50 m heights above sea level,

loop cU
visibilit

confide

7.7.3 On-gite monitoring

Where ope
real-time m
considered

7.8 Earthquake

Possible effects of earthquakes (not metocean effects as tsunamis) on structures during marine operatior

rrents and wind squalls;
, rain, snow, sleet, icing and sea ice;

nce level of the forecast.

ations are sensitive to local (near-site or on-site) environmental conditions or to changes in th
easurement, as well as regular forecast, both prior to start and\during operations, shal

bse,
be

s, if

din

the

rine

with

applicable, hould be taken into account.

8 Weight control

8.1 Introduction

Weight confrol should be performed by means of a well defined procedural system, such as that describg

ISO 1990151281,

Weight control procedures shall (be ‘in operation throughout construction and ouffitting when afloat. In

weight contfol documentation, Stunits should be used.

8.2 Weight control classes

In relation tp weight'control classes, ISO 19901-5[28! states that

— “Class Arweight control shall apply if the project is weight or CoG sensitive for lifting and m4g
operatiens—er—during-marire-operations—{with-the—addition-oftemperaries)—erhas—+rany-centrastors
which to interface. Projects can also require this high definition if risk gives cause for concern.”

and marine operations than for projects where Class A is applicable.”

critical.

38

“Class B weight control shall apply to projects where the focus on weight and CoG is less critical for lifting

“Class C weight control shall apply to projects where the requirements for weight and CoG data are not
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8.3 Contingencies for class A

Unless it can be shown that a particular structure and specific lift operation are not weight or CoG sensitive,
class A weight control shall apply using the following weight contingencies.

— Calculated weights: If the 50/50 weight estimate as defined in ISO 19901-5[28] is derived, an appropriate
weight contingency factor no less than 1,05 shall be applied. The extreme of the CoG envelope (if
applicable) shall be used.

— Weighed weights: A weight contingency factor of no less than 1,03 shall be applied to the final weighed
weight. This may be reduced if a certificate is produced from a competent body stating, for the specific
case in question, that the weighing accuracy is better than 3 %.

Thel application of weight contingency factors for lift purposes is given in 18.3.2.

8.4 Weight and CoG constraints

For[the purpose of planning marine operations, the 50/50 weight estimate methaod is not always usgd. Instead,
not-fo-exceed (NTE) weights with associated CoG envelopes are developed( In cases where minilmum values
of weight and CoG govern, these minimum values (not-to-go-under values)-should be used.

Updn receipt of the as-built weight and CoG, normally obtained by direct‘measurement, the as-builf results are
compared against the values used in the analyses. If needed, the analysis is re-run using the as1built values
with the selected weight contingency.

8.5 Weight control audits

When afloat, periodic draught measurements, weight.control audits (of the construction and installation status,
temporary item status and of the completeness of.the weight reporting system) and appropriate inglining tests
sha|l be carried out. Inclining tests shall only be carried out if subsequent operations require an accurate
posltion of the CoG and if it is practical to do so-

Forla description of the execution of ap-inclining test, see 9.12.
Alternatively a deadweight survey and displacement test may be carried out to determine the weight and the
horizontal position of the CoG. )If the indicated weight and/or CoG does not fall within some|pre-agreed

accuracy of the projected \values (normally 1 %), a conservative penalty shall be applied for CoG
detgrmination by calculations: For more information, see 9.12.

8.6 Dimensionalcontrol

Where the balance between weight and buoyancy is critical to the draught, stability or floating bepaviour, the
dimensional‘centrol and monitoring shall be maintained to an appropriate level of accuracy.

9 [« P HHY
JLAMVITIlY

9.1 Introduction
The general stability requirements for floating objects, with comments on the stability criteria for particular

types of structure where they differ from the general requirements, are set out in 9.2 to 9.12. Further
information on stability can be found in ISO 19904-1:2006[30], Clause 15.

9.2 General requirements

Sufficient stability and reserve buoyancy shall be demonstrated for floating objects during all stages of the
marine operations.
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Intact stability and damage stability in accordance with the criteria established for the project shall be
documented.

The general requirements for intact and damage stability given in 9.4 and 9.5 shall be applied to floating
objects. Exceptions and alternatives are dealt with separately.

Vessels and barges used in marine operations shall meet the stability requirements dictated by the flag state
of the vessel.

9.3 Stability calculations

ce shall be included in the stability calculations to account for uncertainty in mass, buoyal']cy,
CoG, density of ballast and ballast water, and density of sea water. Allowance for ice accumulgtion
structures should be taken into account.

An allowan
location of

on exposed
NOTE 1

ffor some deepwater structures, it can be necessary to consider the compressibility of the strueture.

The results

If motion re
loss of freq
should be u

The intact 1
period. By

of the weight control programme (see Clause 8) shall be taken into accountjin“stability calculat

sponses in various floating stages (such as construction afloat, towageland installation) can c3
board, stability or stationkeeping, or can become critical for other considerations, model f{
sed in combination with dynamic analyses.

netacentric height, GM, together with the displacement and@dded mass determine the natura
bmploying the effect of free surface in cargo and ballast tanks, the natural periods can be sh

out of the region of spectral peak periods. This can avoid dynamic amplification. However, free surface eff|

at larger ro

| angles are limited by the tank shape and filling grades. The reduction in initial GM due to

ons.

use
ests

roll
fted
ects
free

surface shdll be supported by adequate theoretical or experimental justification.

If the objec hen

free-trimmir

considered is not essentially symmetrical about both a longitudinal and a transverse plane,
g calculations should be carried out.

NOTE 2 fror some self-floating structures, longitudinal stability can be more critical than transverse stability.

The buoyamcy of cargo compartments (such as overhanging legs of structures and hulls of mobile dri
units) can cpntribute to the intact stabilitys(see 9.4).

ling

9.4 Intaqt stability

9.4.1 Intrpduction
The intact s

(GZ) becon

tability range.is the range between 0° heel or trim and the heeling angle at which the righting
es negative, as indicated in Figure 1.

NOTE E
from propuls

Fxterhal actions other than wind heeling, such as current actions, mooring and towing line tensions, actions

of-units, either main or azimuthing, can also have impact on stability.

Figure 1 shows both the initial linear and the subsequent non-linear relationship between the heeling angle
and the righting arm. The heeling angle, ¢, indicates the angle where the maximum hydrostatic righting
moment occurs.

The maximum amplitudes of motion and associated stability criteria for a specific towage or voyage can be
derived from motion response calculations or model tests. In addition, a further limiting heeling angle shall be
determined to account for structural design limitations of, for instance, the topsides modules and their
attachments to the hull at both the fit-out and welded out stages. In other words, if the integrity of equipment
foundations or topsides-to-hull attachments are compromised at 10°, it is irrelevant if the hull can heel to 15°.

In general, the stability criteria of the applicable flag state shall be satisfied, unless satisfying other safe
stability criteria can be demonstrated and proven as exemptions gained from the flag state.
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Y A
0 >
0 a X
1
Key
X heeling angle, expressed in degrees
Y Fighting arm, expressed in metres
1 ntact stability range
Figure 1 — lllustration of stability terms

9.4 Intact stability requirements

Thel areas under the righting moment curve and the wind\heeling moment (or wind moment)| curve (see
Figyre 2) shall be calculated up to a heeling angle which is’the smallest of

— |the angle corresponding to the second intercept.of the two curves;
— |the angle of progressive flooding;

— |the angle at which overloading of.asstructural member occurs, including grillage and sea fastening
components.

Guiflance on how to derive the wind heeling moment curve is given in IMO Resolution A.749(18) [1#1.
Thel area under the righting, moment curve shall not be less than 1,3 times the area under the Wind heeling
morent curve for column-stabilized floating structures (wet tow of semi-submersibles and TLPs) and shall not
be less than 1,4 times.the area under the wind heeling moment curve for other types of floating structures
(including dry tow ©f)$emi-submersibles and TLPs) as given in the relationships in Equation (1) [for column-
stahilized structures and Equation (2) for other structures:
(Aq + AorZ 1,3 (4y + 43) (1)

@+ Ay) = 1,4 (4y + A3) )

where 4, 4, and 45 are the areas defined as indicated in Figure 2.

The wind speed used to compute the wind heeling moment curve shall be the 1 min sustained wind at an
elevation of 10 m above sea level during the operation with return periods as defined in 7.4.2.

NOTE A 36 m/s wind speed is typically checked for normal operational conditions.
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A
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Key
X heeling §
Y moment

1

2 wind ove

The stability
the maximu

Where cargo overhangs are immersed as a result of heeling due to a 15 m/s beam wind in still W

conditions, |t shall be demonstrated that vessel\controllability is not seriously impaired, and that no struc
damage to the cargo can occur; see also sea fastening requirements as given in 12.7.5.

For marine joperations of very short duration in sheltered waters (for instance harbour moves and out-of-q
operations)|that are covered by a reliable weather forecast, an exemption from the intact stability requirem
may be considered. However, thesstability range shall never be less than 15°.

9.5 Dampjge stability

9.5.1 Intrpduction

9.5.1.1 Dantage stability shall be evaluated by considering the operational procedures and dura
environmerftal-actions and responses, and the consequences of possible damage.

righting fnoment

>4 |

ngle, expressed in degrees

expressed in kilonewton-metres

rturning moment

Figure 2 — Intact stability requirement [31]

range should not be less than 20 + 0,84, where S is the sum of the static wind heeling angle
m roll angle in degrees.

and

ater
ural

ock
ents

ion,

Evaluation of damage stability shall be based on damage scenarios according to previously identified
contingency situations. Collision, leakage and operational failure situations shall be evaluated. Damage cases
shall include flooding of any one compartment located below the intact waterline that is either adjacent to the
sea or capable of being flooded by ballast water, sea water service or bilge piping passing through the
compartment.

As a minimum, the floating object shall have sufficient stability and reserve buoyancy to remain floating at a
waterline below any opening where progressive flooding can occur with any one compartment undergoing

flooding.

42
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9.5.1.2 Attention shall be paid to ingress of water caused by, for example,

— impacts from vessels, dropped objects, etc;

— mechanical system failure;

— operational errors;

— vessel dynamics and variations of wave height in defined sea states;

— downflooding points.

9.5.1.3 In the case of collision, the following parameters shall be considered:

— |compartments separated by a horizontal watertight bulkhead within fg m of the intact Waterljne shall be
considered as one compartment;

— | penetration of not less than 1,5 m, unless it can be demonstrated that such-penetration i unlikely to
occur;

— |damage of 3 m of horizontal extent, or one eighth of column perimeter of exposed areas in the worst
region;

— | piping ventilation systems, trunks, etc. within the extent of damage shall be assumed to be damaged.

Damage to compartments above the intact waterline, including;.for instance, caissons or cargo compartments,
the puoyancy of which is required to meet the intact stability Tequirements of 9.4, should be congidered as a
damage case.
Thel emptying of a full compartment to the damaged waterline shall be considered if it gives a more severe

resylt than the flooding of an empty compartment."\T'he loss of air from any air cushion compartment shall also
be ¢onsidered.

9.5.2 Damage stability requirements

The areas under the righting moment curve and the wind heeling moment (or wind moment)| curve (see
Figyre 3) shall be calculated from,the equilibrium heeling angle up to a heel angle, which is the smallest of

— | the angle corresponding to the second intercept of the two curves;
— |the angle of progressive flooding;

— |the angle ‘at-which overloading of a structural member occurs, including grillage and sea fastening
elements,

GuiglanGe ‘on how to derive the wind heeling moment curve is given in Reference [14].

The area under the righting moment curve shall not be less than 1,4 times the area under the wind heeling
moment curve as given by Equation (3):

(A4 + Ag) = 1,4 (dy + A3) 3)
where 4, 4, and 45 are the areas defined as indicated in Figure 3.

NOTE 1 See 9.8 for ocean going classed trading vessels.

NOTE 2  This criterion has been found inadequate for jack-ups, and is likely to be inadequate also for barges with
limited freeboard carrying cargoes [32],
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Key
X
Y

1

2 wind ovgrturning moment

The

of 25 m/s of the wind speed used for the intact condition.

Where it is [impractical to comply with damage stability requirements, a risk assessment shall be carried

and

a)

b)

c)

d)

f)

g)

h)

44

Y A

LN

heeling angle, expressed in degrees

moment| expressed in kilonewton-metres

righting noment

Figure 3 — Damage stability requirements [31]

1 min Wind speed used for overturning moment calculations in the damage condition shall be the sm

the follpwing precautions taken.

Reinfolfce or fender vulnerable areas to withstand collision from the largest towing or attending vesss
a speefl of typically 2 m/s.

Protecl projecting hatches;.pipework and valves against collision or damage from towing and handg
lines.

Provid¢ emergency towlines with trailing pick-up lines to minimize the need for vessels to approach
structufe closely.during the tow.

Bller

out,

I, at

ling

the

ProvidT emergency pumping equipment.

Minimize the potential for leaks via ballast or other systems.

Protect ballast intakes, discharges and any other penetrations through the skin of the vessel or object by

means of a double barrier system or blanking off.

Conspicuously mark vulnerable areas and make masters of all towing or attending vessels aware of

these.

Provide a guard vessel to warn off other approaching vessels.
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Single-barge transports

Single-barge transports should conform to the requirements set out in 9.4 and 9.5.

9.7

Multi-barge transports

Multi-barge transports are transports where the cargo is supported by more than one barge, or by one or more
barges supported in turn by additional barge(s).

Multi-barge transports shall conform to the requirements of 9.4 and 9.5, with the following additional

ationa

recommen

9.8
The

NOT1
Refq

The
clas

NOT
vesq
in l¢
hatd

9.9

9.9.

Self
tow:

Bec
guid

T e IOatroTToT

Barges that are totally immersed in the intact condition should be classed as submersi
Submersible barges are normally classed as such by the RCS. If not classed, they.should b
appropriate project-specific structural, equipment and machinery checks.

It should be demonstrated that the flooding of any one compartment of any)barge canno
damaged barge to change its heeling or trim angle relative to the overall heeling or trim of th

barge assembly. The damaged barge should not pivot around any of the)reaction points bet
the cargo or between it and another barge, thus losing contact at any-other reaction point.

Classed vessels
requirements of 9.4 also apply to classed vessels.

E1 For vessels that carry offshore or similar cargees, reference is made to the IMO in
rences [14] and [6].

damage stability requirements in Clause 9 d@’not apply to the transport of cargoes on reg
sed trading vessels sailing at the assigned “B*freeboard or greater.

E2 The “B” freeboard is the minimum-freeboard assigned to a type B vessel, which is generally de
el that is not carrying a bulk liquid cargo."\Reduced freeboards can be assigned to a type B vessel that i
hgth, depending on the arrangements.for protection of crew, freeing arrangements, strength, sealing ar
h covers, and damage stability characteristics, see IMO instrument [33 for further details.

Self-floating structures

1 General

Hfloating struCtures are objects that are supported by their own buoyancy during constru
hge and installation (such as GBSs with or without topsides, self-floating steel structures, spars

ance.in Clause 9 is not applicable or practical, other arrangements that offer no greater over

be

ble barges.
e subject to

[ cause the
e combined
ween it and

struments in

istered and

fined as any
5 over 100 m
d security of

ction afloat,
and TLPs).

ause ‘of the diversity of self-floating structures, where compliance with the general requir¢gments and

all risk may

onsidered

9.9.2

Intact and damage stability

9.9.2.1 Unless existing IMO regulations are applicable, the requirements of 9.4 and 9.5 shall apply with the

add

itional criteria specified in this subclause.

The initial intact metacentric height (GM), after correction for free surface and air cushion effects, shall not be
less than 1 m.
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Where the intact stability range required by 9.4 cannot be achieved, it shall be demonstrated that

Pmax the value of the maximum dynamic heeling angle due to wind and waves, expressed in degrees, is
at least half that of the heeling angle, o, expressed in degrees, where the maximum hydrostatic righting
moment occurs; see Figure 1;

the area ratio required in 9.4.2 can be achieved.

During construction afloat, particular attention shall be paid to any internal or external openings to sea that can
vary as construction proceeds. After damage, when subjected to the design wind and wave for the operation,
an adequate freeboard shall remain.

A risk assegsment shall be carried out for operations where, at any stage, stability and/or reserve bugyan
critical. Theg duration of the critical condition shall be minimized. Requirements for back-up systems‘and
availability $hall be assessed.

9.9.2.2 Fdr some floating structures, applying damage stability requirements is impracticalyat some stagq

constructio
following:

9.9.3 Upegnding and installation of self-floating and launched steel structures

The following apply for the upending and installation of self-floating and launched steel structures.

providi

positioped 5 m above and 5 m below the intact waterline, in order to withstand collision from the impa
the largest towing or attending vessel;

develo
collisio

carryin

Intact
structu

A FME

single

operatipns.

Reservie buoyancy:(the remaining buoyancy that can be mobilized before flooding can occur) should
be lesg than that shown in Table 3.

The m[nimum metacentric height (GM) after launch and during upending should not be less than

shown

or towage. In such cases alternative measures shall be considered, which can include

ng local structural reinforcements or fenders within the area bounded by two horizontal ple

j out a risk assessment for flooding.

hnd damage conditions shall take into account the most severe combination of tolerances
e weight, CoG, buoyancy, centre of buoyancy and water density.

failure of a component or system can lead to an unsafe condition either during or after mg

in-Table 4.

Reserve buoyancy, B,, as a percentage of the total available buoyancy, is calculated using Equation (4):

Br = 100 (BO - WO)/BO

where

46

By

"o

is the total available buoyancy of the structure;

is the weight of the structure in air.

LY is

heir

s of
the

nes

ct of

bing rigorous procedures to ensure that flooding does not occur; this includes consideration of
n, leakage through the ballast or other systems,reliability and redundancy in pumping
arrangements and redundancy of power supplies;

on

A or similar study shauld be carried out on the ballast and buoyancy systems to ensure that no

rine

not

that

(4)
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Table 3 — Recommended reserve buoyancy based on nominal total intact buoyancy

Intact Damage
Case
% %
Structure after launch 10 5

During upending by ballasting, without crane assistance | Sufficient to maintain required bottom clearance

EXAMPLE Among other things, damage can be due to the unintended flooding of compartments during upending

ot L, l £ bl ~H I laixct Hi |
caugee oy cCarmgrorcatagC o ToooCT UrapPrTragr SO St priie—S1ICCve ST

Table 4 — Recommended minimum GM after launch and during upending

Intact Damage
Case

m m
After launch, transverse and longitudinal 1,0 0,2
During upending, transverse 1,0 0,2
During upending, longitudinal @ >0 >0
After upending, before final positioning, both directions 10 0,2
@ A limited period during upending, when the steel structure is metastable or unstable longitudinally, cgn be
acceptable, provided the behaviour has been investigated and all interested parties are aware of it. Practical profjlems
that can be encountered with attending vessels, or rigging and handling lines, should be resolved.

Doduments should be prepared to show the calculations of the minimum metacentric height (GM) pfter launch
and|during upending with the top of steel structures immersed, if applicable.

As it is not practical to provide either damage stability or reinforcement against collision over the full range of
waterlines, planning and risk assessment'as mentioned in 9.9.2 should also include

— |a clear statement of the draughts, times, durations and operational sequences when damagg stability is
not available, or the reinfofcement cannot be carried out;

— |a procedure to return'to'a waterline that is reinforced against collision should the installation dperation be
aborted.

9.10 Loadout operations

The stability“requirements for loadouts of objects onto barges or vessels (see Clause 11) can alsg be applied
to alfloat-on-to or a float-off of a buoyant cargo from a submersible barge or vessel.

dot onsfre o onto-a s 0 od-with-a entric height
(GM) adequate for the operation and shall take account of the CoG changes as the cargo crosses the quay
edge. Normally, metacentric height (GM) should be greater than 1 m, unless a smaller value can be justified.

The free surface effects of slack tanks or ballast tanks on metacentric height (GM) during the loadout
operation should be considered.

The area ratio requirements of 9.4.2 shall apply.

Except for a float-on onto a submersible barge or vessel, the effective freeboard, /;gepg, (the minimum vertical
distance from the water surface to any opening, e.g. an open manhole) should satisfy Equation (5):

lfreebd >05+ Hmax/2 (5)
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where H,.. is the maximum anticipated wave height at the site during the loadout, expressed in metres.

max

The maximum possible tide level and any possible heel or trim should be taken into account. Coamings can
be installed at openings to increase the effective freeboard.

During float-on operations, when loading a buoyant cargo onto a submersible barge or vessel, the stability of
the combined vessel and cargo can at times be minimal. The slope of the righting arm versus the heeling
angle curve can be very sensitive to a small change in ballast condition. Care should be taken to ensure that a
small change in ballast does not cause an unforeseen change in attitude. A sensitivity check should be

undertaken,

taking into account tolerances in cargo weight and CoG, and ballast quantity and position.

For addition
see 11.12.

9.11 Wate
The numbe

Temporary

Weathertight closing devices, which can be submerged or exposed to slamming or sloshing, shoulg

designed fq
marked “CL

al information on the stability requirements during float-on onto submersible barges and vess

rtight integrity and temporary closures
I of openings in watertight bulkheads and decks shall be kept to a minimum.
closing devices, such as hatches, blind flanges and access openings) shall be weathert

r such actions and suitably verified as fit for purpose. These temporary closing devices shoul
OSED AT SEA". Type and securing of seals and gaskets should’beCarefully considered.

els,

ght.
be
il be

Openings between buoyant compartments that can contribute to progressive flooding should be closed dyring
operations. [If the above closings are temporary, they should be marked*“CLOSED AT SEA”.

Where pragtical, regular inspections or gauging of water leveldraught, heel, trim and air pressure should be
carried out fluring operations.

9.12 Inclining tests

The provisipns for the execution and analysis .of the measurements of inclining tests given below shall be

followed. Adlditional information on inclining tests\can be found in Reference [14].

Inclining tegts shall be carried out on struciures where knowledge of the precise position of the vertical CoG is
critical to thie safety or feasibility of subsequent operations, such as installation of topsides. The necessity for
such tests should be determined by.the sensitivity of the planned operation, the accuracy of the calculated
metacentrig height (GM) and weight)control, and on whether previous tests have been performed.

A detailed grocedure for the-test shall be prepared.

The effects|of external aetions due to wind, waves, moorings, anchors, tugs and cranes should be consid¢red
and monitofed.

Before the 1est, a sensitivity analysis of the parameters affecting the test results should be performed.

NOTE Such parameters include draught, heel angle, sea water density, inclining weights and distance moved, wind
actions, dimensional control of the structure and accuracy of the measuring equipment.

For floating objects with a large metacentric height (GM), an inclining test does not always give sufficiently
accurate results. In this case, the stability calculations shall be based on the calculated weight and CoG,
derived from the weight control and dimensional control systems.

For adding major components to a floating structure that cannot be inclined, weight and horizontal CoG
confirmation may be obtained by direct measurement (i.e. displacement test or dry weighing).
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Where the indicated weight and/or CoG is not within a prescribed accuracy of the projected weight (normally
1 %), a penalty shall be applied to the vertical position of the CoG. This penalty shall take the form of the full
difference between the measured and projected weight applied at a conservative location so as to force the
vertical position of the CoG upwards.

10

Ballasting operations

10.1 Introduction

In t
sted
tem
ope

Att¢g
wat

Ball

Ball
hyd
ven

Ball
Air

Les
the

Ball
a)

b)

| structures, GBSs, c.omplian-t towers, barges, TLPs, DDFs, FPSSs, FPSs and FPSOs, and;i
porary or one-off ballasting requirements for transient marine operations rather than réutine
Fations.

br locally and at destination.

psting operations typically control

the draught, heel and trim of floating structures (or tendon force distributions for TLPs);

the stability of floating structures;

the deflection of, and/or the load distribution in, floating¢structures;

the rate of immersion of floating structures;

the ground reaction and distribution of reactions’on seabed supported structures.

bsting is usually effected using sea water-and distributed by pumping, gravity, air pressure o
'gztatic pressure through a system _.of pipes and valves into either open tanks or closed tar
st systems using liquids canssometimes incorporate air cushions, typically to effect a decreas
tushions can also be used.to control the quantity of floodwater entering a compartment.

case of permanent ballast.

st systems are-typically used during transient phases in the following marine operations:
lift-off or float-out from construction docks;

immersion, trim and stability control during construction while afloat;

s, including
n particular,
service life

ntion should be paid to regulations or requirements relating to the transfer and/or treatment of ballast

- differential
ks that are

b in draught.

5 commonly, solid ballast can be used, typically in the form of heavy granular material, concrete or steel in

c)
d)
e)
f)
9)
h)

i)

load transfers from shore to barges (float-out operations);
mating operations;

launching operations;

upending operations;

steel structure setting operations;

gravity structure installation operations;

subsea immersion operations;
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j)  float-on and float-off operations;
k) decommissioning.
10.2 Ballast system

10.2.1 Operational aspects

During planning of marine operations, aspects for consideration relative to the operation of the ballast system
shall be documented, as a minimum, with

— arrangtlement drawings;

— line diggram(s) for the ballast piping or distribution system, identifying the system components; incluging
its confrol mechanisms and power sources;

— line dipgram(s) for the venting system, identifying the system components, (ncluding its control
mechapisms and power sources;

— line diggram(s) for the compressed air system, identifying the system compaonents, including its coptrol
mechahisms, safety devices and power sources;

— line diggram(s) for the hydraulic system, identifying the system“components, including its coptrol
mechahisms, safety devices and power sources;

— system and equipment specifications to facilitate the measurement/monitoring of installed ballast;
— specifigation of system commissioning requirements and:testing and trial parameters;

— ballast|calculations for the planned operations;

— ballast|calculations for contingency situations,.including recovery from accidental flooding situations;
— drawings showing potential vulnerability of pipework passing through machinery spaces;

— certificates showing that checks have been completed on low-pressure pipework to ensure it does| not
becomg a downflooding conduit i a foreseeable event;

— drawings showing the location of a second station from which valves can be controlled in any foreseeable
accidental event;

— associated stability, strength and deflection calculations for load cases, as appropriate.
The ballast|system should operate according to fail-safe principles so that the structure remains in a stable

and controlled~condition in the event of the failure of any single component. The definition of compopent
should coveratthevery feast,active compornernts:

The ballast system shall have the capability to bring the structure back to a safe condition or interrupt the
operations in the case of a possible failure.

Safe conditions for operations after passing a PNR should be defined.
Ballast and deballast systems should have sufficient capacity to complete the operation or to achieve a safe
condition within the time limitations determined by weather forecasting periods, tidal cycles and any other

constraints, with adequate contingency.

The ballast system should operate safely at feasible draughts and floating attitudes of the structure, including
recovery from damaged conditions.
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The ballast system should operate with adequate allowance for possible variations in the weight and in the
position of the CoG of the structure; see Clause 8.

A FMEA study should be implemented to demonstrate that control of operations is not compromised by the
failure of any single component, particularly where the component plays an important role in the performance

of a

ny stage of the operation.

10.2.2 Other operational considerations

Where the functions of the ballast system include compensation for weight transfer when affected by the tide,

then_wherever passible certain tanks should be solely dedicated to the tidal compensation me

othe

Ari
the

NOT
Bac

Wh
sati

The)
valy

Cor
stru

Con

nominally dry compartments for the purpose of detecting‘damage or leakage, for example on lau
ctures.
npartments that are vulnerable to flooding from-gither penetration damage or from internal leak

be fitted with a pumped bilge drainage system-Where appropriate, the bilge system should comp|

rule

The

requirements.

10.

10.3

Inte
mal

Con
imp
to p

r separate tanks should be solely dedicated to the weight transfer compensation measures.

5k analysis should be carried out to verify the ability of the ballast system to function dnacco
Hesign parameters.

E The risk analysis typically takes the form of a FMEA.
k-up facilities should be arranged for ballasting or deballasting of each independent compartmég

bre relevant, the strength, function and workmanship of the components of the ballast syg
5fy the requirements of the RCS.

transfer of sea water between any tank and the sea should\be through two independentl
es to provide double barriers against water ingress.

sideration should be given to internal pressurizing with” air and remote monitoring of air

D.

design life of the system compahents should be considered for future decommissioning 4

B8 Protection against damage and deterioration
.1 General
nal and extefnal sea water inlets, vent piping and valves shall be protected against |

unction by thé.ingress of debris.

trol and-indicating piping and cabling systems shall be protected against damage, for ex
hctscduring launch. Where appropriate, such systems should be routed to avoid areas that arg
enetration damage to the hull.

asures and

rdance with

nt.

tem should

y controlled

pressure in
nched steel

hges should
y with RCS

nd removal

lockage or

ample from
e vulnerable

Sea water ballast systems shall consider the addition of a corrosion inhibitor and biocide if the ballast is either
permanent or is to remain in the system for a prolonged period of time.

Regulatory authorities should be consulted regarding products that are accepted for discharge in areas under
their jurisdiction.

Loose solid ballast, where submerged, should be protected against dispersal by wave or current action.

© 1SO 2009 — All rights reserved

51


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901

-6:2009(E)

10.3.2 Freezing

When low temperatures are expected, measures shall be taken to prevent or minimize the effect of the
freezing of ballast water contained in exposed compartments, and exposed tank vents should be checked and
cleared of ice accumulation prior to ballasting operations.

10.4 Prevention of progressive flooding in damage condition

Ballast piping and vent lines shall be routed to avoid areas that are vulnerable to penetration damage to the
hull. Where this arrangement is not practical, piping systems should be provided with shut-off valves that are

located in

he. r\nmpnri‘mnnf r\nnfnining the open end of the rr\irr\o’ or—in a suitable pncifinn such that

compartme

Piping syst¢
of water in |

nt can be isolated in the event of damage to the piping system.

ems and valves should be designed to prevent accidental cross-flooding and uncontrolled ing
kely operational conditions and in the designed damage cases.

10.5 Confrol and indicating systems

Where app
damaged w
should be p
— Dballast
— ballast
— air com
— air con
— ballast
— ballast
— ventva
— vent vs
— tankle
— draugh
— heel ar

— power

ropriate, a central ballast control station shall be provided. It shall bellocated above the w
aterline, adequately protected from weather and accessible in any conceivable floating conditig
rovided with the following control and indicating systems where applicable:

pump control system;

pump status-indicating system;

pressor control system;

pressor status-indicating system;

valve control system;

valve status-indicating system;

Ive control system;

Ive status-indicating system;

el indicating system;

t indicating system;

d trim indicating system;

bVailability indicating system;

— ballast

system hydraulic/pneumatic pressure-indicating system;

— air cushion pressures;

— air cushion water seal levels;

— air leakage rates.

the

(€SS

orst
n. It

Both the ballast control system and the ballast indicating system should be provided with uninterruptible power

supplies.
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Means to indicate whether a valve is open or closed should be provided at each location from which the valve
is controlled. The indication should rely on movement of the valve spindle. Remotely operated valves should
have some local or other secondary means of determining its open or closed status.

The ballast control system and the ballast indicating system should function independently of each other so

that

a failure in any one system does not jeopardize the operation of the other systems.

The accuracy of electronic tank level soundings should be periodically verified against manual soundings to
ensure accuracy.

Wherever practical, ballast tanks should be provided with a direct means to indicate their indiyidual filling
levgls. Where tanks that are used for ballast have no means of indication, they should be“desigried to resist
the Joading from filling the compartment 100 % plus the greater of 66 % of its vent line height or the maximum
pregsure head that the tank can be subjected to by any pump used to fill it.

10.6 Pumps

Ballpst pumps should be self-priming unless it can be demonstrated that.this is unnecessary for the intended
application in the intact and damaged (inclined) condition.

10.Y Valve arrangements

Where valves are arranged with remote control and are power operated, a secondary means of operating the
valves, which can be manual control, should be provided.-Any automatic or radio-controlled system should be
proyided with a manual override system.

The valve system should be arranged to prevent the inadvertent transfer of ballast from one compartment to
another in the event of failure of any single valve:

Valyes that fail set (open) should be provided with an independent secondary means of closure. Sga inlet and
submerged ballast discharge valves should automatically fail to the closed position upon loss af control or
actiyating power, unless overriding considerations require a valve to fail set.

Consideration should be given(to,the requirement for non-return valves where there is a danger of unwanted
sipHoning between compartments, or between compartments and the sea.

The
pres
aga

Va
pow

closing speed of ‘power-operated valves should be limited where necessary to preven
sure surges. Thé-actuators of control valves and the valves themselves should be designed
nst the highest'flow velocities operationally possible.

es that can permit ingress of sea water, but also the transfer of sea water between tanks in ca
er or control, shall be of the “fail closed” type.

10.

[ excessive
to operate

se of loss of

B Vent systems

Ballast tanks should be provided with air vents. The size of the vent pipes should be sufficient to prevent
excess overpressure of the tanks from rapid filling.

Vent openings that can become intermittently immersed in a damaged condition should be self-closing in the
event of immersion, or the vent system should be designed to withstand flooding of the vented compartments
concerned.

Closing appliances that are fitted to ballast tank air vent pipes should be of an automatic opening type that
allows the free passage of air or liquid to prevent the tank from being subjected to a pressure or vacuum
greater than that for which it is designed.
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ushion system capacity

systems should be designed for

redundancy in compression;

active control and top-up;

any cushion section, which should be manageable.

10.10 System testing

Where possible, the commissioning of pumps and/or compressor systems should include both-function
and capacity trials. Capacity trials should simulate realistic values of suction head, delivery head
backpressure as appropriate.

Where sys
prove reliab

The operal

should be ¢
part of the {

11 Loadqs

ility for in-service conditions.
ility risks associated with the flushing and cleaning of hydraulic and pneumatic control syst

valuated before a decision is made as to whether such systems,should be flushed and cleane
bsting process or after testing has been carried out.

but

11.1 Intr

Clause 11
structures,
Loadout (fl
information

Due to the
aspects of

merits in ofder to show that the operations are performed within defined and recognized safety/confide

levels.

Clause 11
Recommen

Loadouts ipvolve thevuse of an assemblage of commercially manufactured equipment and sometime

fabricator's
operational

!

uction

plies to the loadout of various types of 'structure, including, but not limited to, steel and cong
'LPs, spars, FPSs, modules, components and bridges onto floating or grounded barges and s
bat-on) of floating cargoes onto submersible barges and ships is covered in 11.12. Additi
can be found in 1ISO 19902:2007.129) Clauses 8 and 22.

wide range of structures,feadout methods and transport vessels, Clause 11 cannot cove
every loadout scheme. Alternative proposals and methods should be considered on their

applies partictlarly to skidded and trailer-transported floating loadouts in tidal
dations for gfetinded loadouts or loadouts accomplished by lifting are also included.

wa

own. purpose-built devices and specially fabricated components that are designed for a rang
conditions. It is important to document these operational parameters and ensure that the plar

Guidance on the required design capacity for ballasting and de-ballasting rates and quantities is given in

ality
and

ms have no redundancy, the commissioning and testing prior to operation shall be sufficieft to

bms
H as

rete
ips.
bnal

r all
pwn
nce

ers.

s a
e of
ned

loadout pra

cedures Qtay within these Anzly’rir‘zl and nppratinnal checks should bhe made to ensure

the

integrity of the system.

Some of the more common checks are described in the remainder of Clause 11.

The following practices should be considered:

use of contractors familiar with specialized equipment;

performance of simulated tests prior to actual loadout, where practical, such as

— for skidded loadouts, perform a pre-skid (of a few metres only) to break friction and test equipment,

— for trailered loadouts, perform a pre-lift and similar short movement.
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The principles outlined in Clause 11 also apply to the offloading of structures from a barge to shore.
Barge-to-barge transfers should be considered on a case-by-case basis.

NOTE Reference to a “barge” includes a “ship” or “vessel” or vice versa, as applicable.

11.2 Categories of loadout

The loadout operation can be categorized according to tidal conditions as indicated in Table 5. The category
does not reflect local weather conditions, which are accounted for elsewhere. Recommendations for design,
reserves, and redundancy of mechanical systems can vary according to the category of loadout.

Table 5 — Categories of loadout operation according to tidal conditions

Category

Tidal limitations

The tidal range is such that, regardless of the pumping capacity provided, it is not pessible to
barge level with the quay throughout the full tidal cycle, and the loadout should be compld
defined tidal window, generally on a rising tide.

maintain the
ted within a

The tidal range is such that, provided sufficient pumping capacity is availablg, it is possible to
barge level with the quay during the full tidal cycle, and for at least 24 h thereafter.

maintain the

The tidal range is negligible or zero, and there are no tidal constraints. Pumping should be en
to compensate for weight changes as the loadout operation proceeds.

hployed only

Grounded loadout employing sufficient pumping to compensate for tidal range to maintain gro
and/or actions on the barge within acceptable limits.

Lind reaction

Grounded loadout where no pumping is necessary to maintain ground reaction and/or actions
within acceptable limits.

bn the barge

11.
The
con
une

For
sho

For
con

For

proposed duringsthe lift; see Clause 18.

Cor
whdg

B Structure being loaded

structure being loaded shall be designed taking into account static and dynamic actio
Hitions, environmental actions, actions-due to misalignment of the barge or vessel and shore §
ven ballasting.

skidded loadouts, results of analysis that consider the elasticity, alignment and as-built dimen
e and barge skidways for each stage of loadout shall be presented.

arrangements of trailérs or SPMT loadouts, the reactions imposed by the trailer configuratio
Sidered.

lifted loadouts,\the structure, including the lift points, should be analysed for the suppori

sideration should also be given to lifting off construction supports, or lifting onto sea fastenin
re these operations form an integral part of the loadout operation.

ns, support
kidways, or

sions of the

n should be

conditions

g supports,

Weight control shall conform to the requirements of Clause 8. For class A loadouts, pre-loadout weighing
should be considered, in particular for more complex systems such as topsides, in lieu of depending on
calculated predictions.

When the support geometry is sensitive to a shift of CoG, a stability sensitivity study evaluating an envelope of
possible CoG shifts should be performed.

If weighing takes place shortly before loadout, the effect on the loadout procedures of any weight changes
should be assessed.

© 1SO 2009 — Al rights reserved 55


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901-6:2009(E)

11.4 Site and quay

The quay, quay approaches, wall and foundations shall be adequate for the loadout and documented
accordingly.

The capacity of mooring bollards, winches and other attachments shall be adequate for the loadout and
documented accordingly.

Compatibility between quay strength and elasticity, and the support conditions used for analysis of the

structure, should be demonstrated, where appropriate.

Bathymetrig
operations,

Under-keel
loadout. Th
sweep or di

For tidal log
line level sh

The approvj
the institutig

11.5 Barge

The barge {

A check shall be made that the actions induced during loadout, including longitudinal bending moments, Iqg

on internal
Some load
these to be
including h
removed, o
The adequg

Suitable su
system, na

11.6 Link
The strengt]

Link beamsg

and height clearance information for the area covered or crossed by the barge during loa
post-loadout operations and sail-away should be supplied.

s may be reduced to 0,5 m, provided a recent check of the loadout area has been made by
vers’ inspection, and subject to confidence in the lowest predicted tide and surge\water levels.
douts, an easily readable tide gauge should be provided adjacent to the-oadout quay. The W

ould be monitored prior to, during and after loadout.

n of any necessary controls on marine traffic.

hall be classed by an RCS.

structure and local loads, are within the approved design strengths.

but operations can temporarily invalidate. the class or load line certificate, and it is necessary
reinstated after loadout. This can.apply if, for instance, structural changes have been m

bles cut in the deck for ballasting,/if towing or mooring connections or vent pipes have 4

[, in some instances, after grounding on a pad.

cy of the barge stability should be shown at all stages of loadout, as recommended in 9.10.

vey should be perfaraied prior to loadout to check the integrity of the barge with respect to ba
igation aids, condition of shells, towing gear, etc.

beams, skidways and skidshoes

h of the\link beams, skidways and skidshoes shall be adequate and documented accordingly.

Hout

clearance should not be less than 1,0 m during the period during which the barge is(in, positiof for

bar

ater

pl of port and coastal state authorities should be obtained, as necessary, for the operation and for

ads

for
hde,
een

last

ack

shall be checked for actions induced by barge moorings, barge movements and pull-on/pull-k

actions.

Tolerances on link beam movement shall be suitable for anticipated movements of the barge during the

operation.

Suitable lateral guides shall be provided along the full length of skidways.

Sufficient articulation of skidshoes shall be provided to compensate for level and slope changes when
crossing from shore to barge.

56

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901-6:2009(E)

11.7 Moorings

11.7.1 Weather-restricted operation

A loadout should be considered a weather-restricted operation as defined in 7.2.1. Design and operational
weather conditions for the loadout operation shall be defined, taking into account

— the forecast reliability for the area;

— the duration of the operation after the PNR, including a suitable contingency period;

— | the exposure of the site;

— |the time necessary for any operations before or after the loadout operation, including barge [movements
and moorings, ballasting, system testing, final positioning and initial sea fastening;

— | currents during and following the operation.

For|weather-restricted operations, the maximum forecast operational criteria_shall be lower than the design
critgria; see 7.4.

11.7.2 Temporary mooring system

The| design of the loadout mooring system shall be consistentiwith the requirements and recommegndations in
Clagise 13, with the following additional considerations.

— | Moorings for the loadout operation should be designed for the weather conditions defined in faccordance
with 11.7.1 and Clause 7.

— |In cases where existing yard loadout mooring equipment is used, the wires and winches proyided by the
yard can sometimes have a breaking strength greater than the barge equipment to whi¢h they are
connected. In such situations, great Care should be exercised, and the forces should be coptrolled and
monitored.

— |In cases where the propulsion:'system (see 11.11) induces a reaction between the barge and the quay,
the possible effects of thjs reaction shall be considered, including “hang-up” and sudden release.

— | The consequences of-mooring line failure should be evaluated and suitable measures taker| to mitigate
any risk (e.g. during.skidding, a mooring line failure can result in high movement of the barge).

— | Mooring prior/to and after loadout should be considered a weather-unrestricted operation and should be
designed-for return periods in accordance with 7.4.2.

— | Consideration should be given to adjustable moorings depending on the loadout method adopted and site
condition (e.g. adjusting the tension in the mooring lines immediately before, during and after|the loadout

onaration)
opetratioh):

11.8 Grounded loadouts

A survey of ground levels over the area covered by the bottom of the barge shall be carried out, showing
suitable support conditions for the barge.

A survey shall be made shortly before the barge is positioned to ensure that no debris is located where it can
damage the bottom plating of the barge.

If evenly distributed support over the bottom plating of the barge cannot be achieved, either calculations shall
be prepared and documented showing that no overstress can occur or the sea floor shall be levelled.
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Sufficient ballast capacity shall be available to provide ground reaction to withstand the loadings from the
return periods as defined in 7.4.2, both prior to and after loadout, coincident with mean high water on spring
tides (MHWS) plus storm surge, and the corresponding mean low water on spring tides (MLWS) and negative
surge, without lift-off, sliding or overstress.

If soils are soft and consolidation or settlement is expected to be significant, this shall be considered during
the loadout. Where environmental conditions allow this, the barge can be placed on location in advance and
preloaded with ballast in an attempt to induce the settlement prior to loadout. The designer is cautioned that
consolidation of marine clays can take a long time. In any event, grounding on soft clay should be viewed with
caution, considering the implications of adhesion and suction during removal of the barge.

Final skidway levels shall be compatible with the requirements of 11.3.
The ballastishall be adjusted during loadout, where necessary, to avoid barge settlement or overstress.

The plan fgr refloating of the barge shall be updated and, if necessary, revised in line withtany changgs in
barge orientation not fully anticipated before the loadout. The plan for refloating the barge should include
consideration of the moorings that are required, verification that the barge is undamagéd)and inspections or
actions necpssary to ensure that the barge remains in class following the grounding.

11.9 Pumping and ballasting

11.9.1 Pump capacity

Available plmp capacity shall be based on the published pump performance curves, or verified by trial, taking
account of fhe maximum head for the operational and pipeline losses.

11.9.2 Recommended pump capacity

Pump capdcity shall be provided as given in Table 6, depending on the category of loadout as defined in
Table 5 and to satisfy each case as defined below:

a) case a] the nominal maximum pump capacity computed for the loadout as planned, to compensatg for
tidal changes and weight transfer, with no contingencies;

b) case b]the computed pump capacity required, as a contingency, to hold the barge level with the quay, at
the makimum rate of a rising or falling tide, assuming horizontal movement of the structure is halted;

c) case c] the computed pump/capacity required, as a contingency, to provide the requirements of either
case alor case b, whichever is the greater, in the event of the failure of any one pump, component or
pumping system; where‘two or more pumps are supplied from a common power source, this shall cpunt
as a sipgle systemt

Primary ballasting is generally performed using external ballast pumps. For loadout on cargo barges,| the
barge’s intgrnal\ballast system can be used as a back-up system. If the barge pumping system is used as |part
of the main ‘oP back-up pump system, a barge engineer familiar with the system shall be in attendgnce
throughout the operation and the loadout communication system should include the pump room.

Pumps and systems should be tested and shown to be operational within 24 h of the start of the loadout
operation. A verification of pump capacity can be required.

Pumps that it is necessary to reverse in order to function as part of the back-up capacity shall be capable of
such reversal within 10 min, and adequate resources shall be available to perform this operation.
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Table 6 — Recommended pump capacity for each case and category [34]

Pump capacity recommended, as a percentage

Pun
be 6
the

Ball
any

Wh
take

Wh
Tab

Category? Case of capacity calculated for each requirement
%

a 150%

1 | Tidal window b 150%
c 120%
a 150%

2 |Constant deck level > 24 h b 120%
c 100%
a 100%

3 |Little tide b No requirements
c 75%
a 120%

4 | Grounded and pumping b 120%
c 100%

5 | Grounded All No requirements

a8  See Table 5.

demonstrated thabthis is safe.

Tab
the

hps that it is necessary to move around the barge in order to function as part of the back-up c4
asily transportable, and may be considered only if free access is provided at all stages of load
stations at which they can be required. Adequate resources shall be available to perform the of

bre a compressed air systefn s used, the time lag required to pressurize or depressurize a tan
n into account, as should.ahy limitations of the barge and structure.

bre a safe loadout\plan is demonstrated, with reserve pumping capacity provided in acco
e 6, the reserve.capacity may be used to enable the loadout to proceed faster, provided it

e 7 gives.an example for a category 2 loadout that assumes that the worst single system fail
bumping. capacity, expressed in any unit, to 80 % of the full capacity.

Table-7—FExamole-of-reqttired -catettationf > toad

Case Nominal capacity Factor | Recommended capacity
m3/hr % m3/hr
a 1 000 150 1 500
b 1100 120 1320
c 1100/0,8 =1 375 100 1375
Required — — 1 500 (case a)
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pacity shall

but between
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pst and barge levels shall be monitored during loadout, and shown to be within the limits of mgvements of
link beams and the structural limitations of the barge and structure.

k should be

rdance with
can also be

ire reduces
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11.10 Loadouts by trailers, SPMTs or hydraulic skidshoes

Where trailers or SPMTs are used to move the structure, the provisions of this subclause apply. When
appropriate, the recommendations for trailers and SPMTs also apply to hydraulically operated skidshoes.

Maximum axle loading shall be shown to be within the trailer manufacturer’s allowable values.

Footprint pressures on the quayside, link beam and barge deck shall be shown to be within the allowable

values.

Shear forc

and bending moment curves should be prepared for the trailer spine structure, and maxin

num

values shal

be shown to be within the manufacturer’s allowable figures.

In general, hydraulic systems should be linked or balanced to minimize torsion on the structure. In"any event,
the arranggment shall be compatible with the support assumptions considered for structurahanalysig. A
contingency plan should be presented to cover hydraulic leakage or power-pack failure.

Vertical alignment of the barge, link beam and quay, including the effects of any change of slope and|any
movement ¢f the barge due to wave action, should be within approximately one third-ef the maximum travel of
the axles relative to the trailer spine.

11.11 Prqgpulsion system design, redundancy and back-up

11.11.1  Propulsion system

The propulsion system, including back-up and contingency systems, shall be designed according to| the
category off loadout as defined in 11.2, and as shown in Table’8. Recommendations for skidded loadputs
include propulsion by wire and winch, hydraulic jacks or strand jacks. Recommendations for non-propelled
trailer loadduts include propulsion by wire and winch or tractors.

If tractors provide motive power or if the trailers are self*propelled, the recommendations of 11.11.2 apply, |and
the reversilility of motion should be demonstrated.

11.11.2 Redundancy and recommendations

For system|redundancy, adequate back-up systems shall be provided so that the loadout can still proceqd in
the event qf failure of any one meechanical component, hydraulic system, control system, prime movdgr or

power sourge.
Where a syptem requirement is’built-in, it shall be demonstrated that it is operational.

Where Table 8 states_that system redundancy is “recommended”, this shall be taken to read “required’|if a
conceivablg failure cap’extend the operation outside the planned weather window.

Care should betaken to ensure that non-propelled trailers have a braking system as this is not always builj-in.

The recommendation for a braking system may be relaxed provided it can be demonstrated that excessive
inclination and runaway of the structure cannot occur; for example, if a retrieval winch is employed as part of
the contingencies and this winch is paid out as the structure is loaded out, the winch can be employed as a
hold-back system.

The coefficients of friction used for design and sizing of the propulsion system shall not be less than the
maximum values shown in Table 9, unless justification for a lower value can be provided. The typical values
shown are for information only and should be justified if used.
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Table 8 — Propulsion system design [34]

Trailer loadouts

Category System requirement Skidded loadouts
Non-propelled SPMT
Slope capacity Design slope + 3 % Design slope + 3 % Design slope + 3 %
1 System redundancy Required Required Required
Braking system Required Built-in Built-in
Pull-back system Required Required Built-in
Slope capacity Design slope + 2 % Design slope +2 % Designs|ope + 2 %
5 System redundancy Recommended Recommended Reconjmended
Braking system Required Built-in Built-in
Pull-back system Not required Built-in Bdilt-in
Slope capacity Design slope + 1 % Design slope,+1 % Design slope + 1 %
3 System redundancy Not required Not required Not réquired
Braking system Required Built-in Built-in
Pull-back system Not required Not required Built-in
Slope capacity Design slope Design slope Design slope
4 System redundancy Not required Not required Not required
Braking system Not required Built-in Bdilt-in
Pull-back system Not required Not required Bdilt-in
Slope capacity Design slope Design slope Design slope
5 System redundancy Not required Not required Not réquired

Braking system

Not required

Built-in

Bdilt-in

Pull-back system

Not required

Not required

Bdilt-in

Table 9 — Coefficients of friction for the design and sizing of the propulsion system|[34]

Level surfaces Static Moving
Typ. Max. Typ. Max.
Sliding
Steel on steel 0,15 0,30 0,12 0,20
Steel on teflon 0,12 0,25 0,05 0,10
Stainless steel on tefon 0,10 0,20 0,05 0,07
Teflon on wood 0,14 0,25 0,06 0,08
Steel on waxed wood 0,10 0,20 0,06 0,12
Rolling
Steel wheels on steel 0,01 0,02 0,01 0,02
Rubber tyres on steel — 0,02 — 0,02
Rubber tyres on asphalt — 0,03 — 0,03
Rubber tyres on gravel 0,03 0,04 0,03 0,04
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The design action on winching systems shall not exceed the certified safe working load (SWL), after
allowance for splices, bending and sheave losses; see Clause 18. If no certified SWL is available, the design
action shall not exceed one-third of the breaking strength of any part of the system.

The winching system should be capable of moving the structure from fully on the shore to fully on the barge
without rerigging. If rerigging cannot be avoided, this should be included in the operational procedures;
adequate resources should be made available and the structure secured in a safe condition during rerigging.

For skidded loadouts, the structure may be moved closer to the quay edge prior to the commencement of the
loadout. Breakout friction is generally higher than the values given in Table 9.

11.12 Flofat-on onto submersible barges or vessels

Floating trapsfers onto submerged barges or vessels should be accomplished by one of two methods.

Stabilit
above
toleratg
end of

a) y is maintained by submerging the stern to the sea floor, whilst the bow or forecastle rempins
the waterline. The water depth range during the operation should be limited to that which caf be
d by the constraints of the operation. There should be a sufficient depth of water at the forward

the cargo to clear the main deck and cribbing, and the angle of trim should netbe excessive.

b) The ve
subme
contac

event @

s5sel is fitted with caissons at both ends or with forecastle forward and caissons aft, such that it
rge its main deck sufficiently deep for the cargo to float over it, normally-at a small or zero trim
with the sea floor should occur, unless there is a contingency plan‘to contact the sea floor in
f stability problems.

can
No
the

With either
sufficient rg
waterline.

uce
age

method, once the cargo has been floated over the vesself. the vessel is deballasted to ing
action to ensure no further movement of the cargo and\then further deballasted to the voy

In either mgthod, minimal stability phases can be encountered during ballasting and deballasting. Sometimes

submergen
stability. DU
are lost, wh
with a pre-d

Such float-q
conditions §
that wind 4
guidance sy

The stability
advance, a
stages the
Suitable tol

ce of the unloaded vessel, when no cargo watep,plane area is present, causes a phase of min

ile the hull still does not provide a sufficiént water plane area. Frequently this phase is achie
etermined trim or heel, calculated to maximize the contribution of the cargo to the overall stabil

ns are weather-restricted operations and should be planned either in sheltered water or in wegd
such that relative motions, particularly vertical motions, of the vessel and cargo are minimal,
nd current action on the cargo during positioning are within the capacity of the handling
stems.

caution in 9.10 should-be observed. A sufficient number of ballast stages should be calculate
ong with the corresponding stability condition. For the reasons outlined in 9.10, during cri
righting arm should be calculated in both directions to demonstrate that no instability can og
brances on varying parameters should be considered.

Where sea
any stage,
be conside

T;dd_

floor contact is planned, or available as a contingency, or where under-keel clearance is sma
equate sea floor surveys should be carried out and requirements for sea floor preparation sh

mal

ring deballasting, a phase often occurs whenithe buoyancy and the water plane area of the cargo

ved
ty.

ther
and
and

din
tical
cur.

Il at
buld

Where restraint of the cargo during float-on is temporarily reliant on friction, predictions for the maximum
inclinations should be calculated, taking into account 9.10, to demonstrate that any sliding of the cargo cannot
occur. It is recommended that 50 % of the minimum values shown in Table 9 be used for this value, based on
observed operations; see also both 11.13 and 12.7.5 on sea fastening.

The cribbing or dunnage should be accurately positioned and surveyed prior to submergence of the vessel,
and adequately secured against float-off.

Guideposts or another adequate positioning system should be provided to align the cargo. Allowance should
be made for differential trim or heel between cargo and vessel at first contact with the guideposts. The contact
points between guideposts and cargo should be clearly marked. Additional optical or other means of checking
the cargo position should be available, and the position should be verified before starting the deballasting
operation, and during the operation, until the cargo is firmly seated on the cribbing.
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Adequate positioning lines and winches should be provided to manoeuvre the cargo over the cribbing and
against the guideposts, and to maintain position until the cargo is firmly seated on the cribbing. Generally, the
breaking strength of positioning lines and attachments should not be less than three times the maximum
anticipated load. The position of the attachment points should be such that the lines are working at suitable

ang

les at all stages of the positioning process.

Where there is a differential trim or heel between cargo and vessel at first contact, it should be demonstrated

that

the contact loads and pressures are within acceptable limits.

Positioning the cargo over the cribbing should be done with minimal tidal flow. However, this can be the time
at which the current reverses and it is necessary, then, to reconcile these conflicting recommendations. It

sho
Ad¢
san

If a

damage either the cargo or the vessel during float-over, even in the event that the_initial position

Inc
selg

Dra

11.

Seq
fast|
with

No
of th

Inc
qua
ther
coe
mo
mo

barges or vessels . where loadout occurs away from the dock in deep water.

Find
tran

Man

IId be noted that at some locations, slack water does not necessarily coincide with high
quate tidal height and flow surveys should be carried out to establish the behaviour at the~log
e stage of the tidal cycle.

ny sea fastening elements are pre-installed or pre-positioned, it should be confirmed that

hses where this is impractical due to, for example, the number of anodes, appropriate clearan
cted.

Light marks should be painted on the cargo at a point where they can easily be seen.

13 Barge reinstatement and sea fastenings

fastening work shall be started as soon as possible after<positioning the structure on the
bning shall be designed to minimize offshore cutting, to.provide restraint after cutting and to
out fouling.

movement of the barge shall take place until sufficient sea fastening is completed to withstand
e following:

an inclination of 5°;
an inclination caused by damage to~ahy one compartment of the barge.

rcumstances where very limited barge movements are required, e.g. turning from end-on to al
ly, before it is practical to install sea fastenings fully in accordance with the provisions of this

friction may be taken into”account to contribute to the sea fastenings. It is recommend
ficient of friction be 50,% of the minimum listed in Table 9 if friction is considered as a
ement. Design and €ondition of the actual supporting structure and potential sliding surfaces a
ement should bedaken into account. This subclause can also apply to loadout (float-on) onto ¢

| sea fastening connections shall be made in the barge ballasted condition as close as pra
sport condition.

hale‘covers shall be reinstalled as soon as practical after loadout.

or low tide.
ation at the

hey cannot
is incorrect.
ces shall be

barge. Sea
allow lift-off

the greater

pngside the
subclause,
ed that the
restraint to
t the time of
submersible

ctical to the

Holes cut for ballasting purposes should be closed as soon as practical and the barge certification reinstated
before sail-away.

1.1

4 Tugs

Suitable and class-approved tug(s) shall be available or in attendance, as necessary, for

©1S0

barge movements;
removal of the barge from the loadout berth in the event of deteriorating weather;

as back-up to the moorings.
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11.15 Management and organization

Sufficient management and resources should be provided to carry out the operation efficiently and safely; see
Clauses 5 and 6.

The management structure, including reporting and communication systems and links to safety and

emergency

services, shall be demonstrated.

Shift changes at critical stages of loadout should be avoided. If such a shift change cannot be avoided, the
key supervisory and operational personnel shall have sufficient overlap in shifts to ensure a smooth handover.

A readiness
A weather

start of the
fastening is

Fit-for-purp

11.16 Loadout manual

A loadout n
and approv
the loadout

12 Trangportation

12.1 Introduction

Cause 12 4
using eithef
and in ISO

12.2 Gene¢ral considerations

12.2.1 Mar

For informa

12.2.2 Unn

For unmanned tows; access to the towed object shall be provided for routine inspection and access or esd

in case of

meeting, attended by all parties involved, should be held shortly before the start of loadout.
orecast predicting conditions that are within the prescribed limits should be received (prior to
operation, and at intervals of not more than 12 h thereafter until the barge is moore@d-and the
completed.

pse safety procedures shall be in effect.

hanual and supporting document should be prepared for the operation and issued for informg
bl, as appropriate. The items, in addition to those found in 6.5.2that it is necessary to includ
manual and supporting documents are listed in Clause A.3.

pplies to offshore transportation, inshore transportation and transportation in sheltered ar
wet tow or dry tow. Additional information can be found in 1ISO 19902:2007!29], Clauses 8 and
19903:2006[3%!, Clause 11.

ned tows

tion on manned.tows, see Reference [18].

hanned tows

emergency. Life-saving equipment, communication equipment, plans and instructions shal

the
sea

tion
e in

Bas,
22,

ape
be

provided fo

persons who can be temporarily on board the towed object. Consideration should be given t

the

nature and duration of their work on board of the towed object and to the ease of access between the towed
object and supporting vessels.

12.2.3 Nav

igation lights and day shapes

For information on navigation lights and day shapes, reference is made to COLREGs regulations 1.
Navigation lights shall have their own power supply and an emergency power supply.

12.2.4 Contingency

Contingenc
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y plans shall conform to 6.5.
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12.2.5 Motion responses

The evaluation of the motion of the structure during transportation shall be based on environmental criteria in
accordance with Clause 7, and determined through analysis using well validated industrial software and/or
model testing, assuming representative combinations of metocean parameters. For detailed information on
the analysis methods, see 13.3.1 and ISO 19901-7:2005, 8.3.

The evaluation shall be carried out for a range of headings and speeds. The maximum responses shall be
based on a 3 h exposure period; where avoidance of extreme actions depends on maintaining a certain
heading, consideration shall be given to maximum responses based on longer exposure period.

If lifear motion response analysis predicts extreme roll or pitch amplitudes that can exceed the-hgeling angle
at which the maximum value of the righting moment occurs (see 9.4), the dynamic behaViour should be
verified by model testing or non-linear analysis.

If ngither a motion study nor a model test programme is performed for standard configufations and subject to
satigfactory marine procedures, the motion criteria given in Table 10 may be usedyas guidance. [The default
valdes given in Table 10 are from Reference [36]. Alternative default motion critefia,-as set out, forfexample, in
References [37] or [38], may also be used as guidance.

Table 10 — Default values of motion response for standard‘transportation analysis [36]

Vessel dlmensalons Roll amplitude | Pitch amplitude | Heave a¢celeration
Type of vessel LOA and b

m degrees degrees m/s?
Large vessels Lop = 140 and b > 30 20 10 02¢g
Medlium vessels Lop>76andb > 23 20 12,5 02¢g
Small vessels Lop<T76o0rb<23 30 15 02g
Large cargo barges Lop = 76 and b':23 20 12,5 02g
Small cargo barges Lop < 760Fb< 23 25 15 02g
a Lgy indicates the length overall; 5 indicates-the breadth, both expressed in metres.

Thel motion default values presented in Table 10 should be used in conjunction with the following provisions.

a) | The roll and pitch.values relate to a 10 s full cycle period of motion for vessels and barges with 5 > 23 m.
For vessels and-barges with b < 23 m, the roll period can be shorter.

b) | The roll andpitch axes pass through the centre of floatation.

¢) | The phasing considered combines, as separate load cases, the most severe combinations of

1O roll and heave,

2) pitch and heave.

d) For inland and sheltered water transportation, the greatest effect of the following cases is taken into
account:

1) the static loads caused by an acceleration of 0,1 g applied parallel to the deck in both directions,
2) the static inclination caused by the design wind,
3) the most severe inclination in the one compartment damage condition.

e) The additional heel or trim caused by the design wind is taken into account.
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For many instances of transportation, however, the effects of direct wind action when calculating the actions
on the cargo may be neglected.

As noted in 9.4.1, a further limiting heeling angle shall be determined to account for structural design
limitations of, for instance, the topsides modules and the structural design constraints associated with the sea
fastening. In other words, if the integrity of the sea fastening is compromised at 10°, it is irrelevant that the hull
can heel 15°.

12.2.6 Structural verification of the transported object

Actions and.action effects that result from wind _wind heel wave action _accelerations and towline pull shall be
considered [in the design. The applicable environmental conditions should be based on the planned duratign of
the tow, as defined in Clause 7.

Equipment,|modules, etc. including temporary equipment, should be adequately sea fastened as’describgd in
12.7.5.

12.2.7 Bunker ports

The distande between bunker ports shall be considered when deciding on the ceniposition of the tow flegt. If
tugs are released to go into port to refuel, the remaining tow vessels should be capable of holding tow as
recommended in 12.3.

12.2.8 Wegdther forecast

The transpgrtation shall not start unless the forecast is for stable weather, predicting favourable environmgntal
conditions for a period of 48 h as recommended in Clause 7..The forecast should be made by a compgtent
forecaster who has the necessary data at his disposal to.make a highly specific recommendation for| the
particular tqw.

The forecagt should show the operational weather conditions, taking into account the margin defined in 7/5.3.
If the transportation is a weather-unrestricted operation, departure should still take place on a favourgble
forecast in ¢rder to allow time to obtain adequate sea room.

12.3 Towline pull required, fleet composition and towing arrangement

12.3.1 Towline pull required

The tow shpll be provided with\fugs of sufficient power and arranged in such a manner as to give adequate
speed, confrol and holding{pewer. The towing resistance of the towed object should be determined by mgans
of calculatign, model tests (or by reference to previous model tests) or full-scale measurements.

Except as [allowed-or otherwise recommended below, the minimum towline pull required, Fpg, shal| be
calculated for zero forward speed against a 20,0 m/s wind, 5,0 m significant wave height sea state |and
0,5 m/s curfent, acting simultaneously and collinearly. Allowance should be made for yaw of the towed objgcts.

For benign weather areas, lesser criteria for calculation of Fpg may be considered. Generally, these should
not be reduced below 15,0 m/s wind, 2,0 m significant wave height sea state and 0,5 m/s current, acting
simultaneously and collinearly.

For towages partly sheltered from wave action, but exposed to strong winds, alternative criteria may be
considered.

If the tow route passes through an area of restricted navigation, of continuous adverse current or weather, or if
a particular towing speed is required in moderate weather, a greater Fpg can be required. For weather-
unrestricted operations in areas with limited sea room, the Fpr should be computed based on the design
criteria defined by Clause 7.
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For the tow of a large structure out of dock, including, as appropriate, the tow to the inshore construction site
or holding area, the Fpr should be based on the operational metocean criteria given in Clause 7 and should
utilize a minimum of 0,25 m/s forward speed.

The relationship between Fpg, the minimum towline pull required, expressed in kilonewtons, and the
continuous static bollard pull, Fgp, of the tug(s) is given by Equation (6):

Tef
Ipr = Z(FBP X fﬁ] (6)
where
Totf is the tug efficiency in the sea conditions, expressed in percent;
Fgp is the continuous static bollard pull of each tug, expressed in kilonewtons;

T, , I -
[FBP x%) is the contribution to the Fpg of each tug, expressed in kilonewtons.

The tug efficiency, Ty, depends on the size and configuration of the tig, the sea state considefed and the
towing speed achieved. In the absence of alternative information, T4 may be estimated according|to Table 11.

Table 11 — Estimation of the.tug efficiency
(based on experience from the North Sea environment)

Continuous static Tug efficiency for various sea conditions

bollard pull Tost
Fgp %
kN Calm H,=2,0m?2 Hy=50m?2

Fgp < 300 80 50 + Fgp/10 Fgpl/10

300 < Fgp <900 80 80 30 + 0,75 [(Fgp/10) — 30]
Fgp > 900 80 80 75
a H, indicatessthe-significant wave height.

12.3.2 Towing fleet

The effectivengss of the towing fleet in achieving speed and control of orientation depempds on the
configurationnin which the tugs are arranged, as well as the number of tugs and the power of ¢ach tug. In
particular,_the effective bollard pull is substantially less than the sum of the bollard pulls gf the tugs,
parfcularly when working on short towlines or with tugs in close proximity to one another.

Any tug considered for the towing operation should be fully certified for the area of operation and should have
certificates for towlines, pennants, stretchers, shackles and marine fittings as well as the certificates listed in
Table 1. The bollard pull certificate should not be older than five years or, in the case of critical tows, not older
than three months. Critical tows shall be identified on a project-by-project basis through utilization of a formal
risk assessment.

For certain towing operations, for example for tows involving several tugs or for single tug towages where the
towed object is sensitive to wind actions or is difficult to manoeuvre, an escort tug should be provided for
critical phases of the operation. The escort tug should be of sufficient bollard pull and should be available for
immediate use in case any of the towing tugs requires assistance.

Stern tugs should not be considered when calculating the total effective bollard pull.
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12.3.3 Towing arrangement

The MBS of the towline shall be related to the continuous static bollard pull, Fgp, of the tug given in Table 12.

Table 12 — MBS of the towline [36]

Bollard pull
Benign areas Other areas
Fgp
kN kN kN
Fgp <400 2,0 Fgp 3,0 Fgp
400 < Fgp < 900 2,0 Fgp (3,8 — Fgp/500) Fgp
Fgp >900 2,0 Fgp 2,0 Fgp

The design
where fitted
mooring co

A retrieval s
towed struc

Transport vj
an MBS of

strength of the towline connections to the tow, including bridle legs, chain pennants and fairle
, shall not be less than 1,3 times the MBS of the towline. The design strengths of shackles or 0
Mmponents can be applied for towing.

ystem should be available to retrieve the part of the towing arrangement directly connected td
ture, in case any other part of the tow arrangement fails.

pssels or cargo barges shall be equipped with a suitable emergency towline in good condition
not less than the values given in Table 12. The emergency'towline shall be fitted with a pick-up

12.3.4 Towline length

The towline
tows, an an

A table ths

displayed o
from the se

12.4 Tow

12.4.1 Gen

Guidelines
the dry doc

12.4.2 Und

shall, at all times, be sufficient to keep the-peak loads within the SWL of the towline. For cri
alysis of the towline dynamics is recommended.

t shows the catenary depth for various combinations of towline tension and length shal
n the bridge to facilitate a good balance between sufficient towline length and required clearg
b floor.

out from dry dock

eral

, the tow,eut until clear of the dock sill and the preparation for onward towage.

er-keelclearance

ads,
ther

the

with
line.

tical

be
nce

are given in 12:4°2 to 12.4.7 for the marine operations concerning the float-out of a structure from

The under-
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possible deflections of base structure, towline pull, wind heeling, squat effects and variations in sea water
density. It is recommended that during the initial design phase, an under-keel clearance of 1 m is used.

In areas outside the dock, the under-keel clearance shall, at no time, be less than 1 m, or 10 % of the
maximum draught, whichever is the greater. Minimum water levels and the effect of possible deflections of the
base structure, towline pull, wind heeling, squat effects and variations in sea water density should be taken
into account.

The minimum under-keel clearance for float-out should be maintained for the duration of an adequate period

for float-out

68

, including contingencies.
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12.4.3 Side clearances

Side clearances for exit from a dry dock are dependent on the design of the structure, the shape of the dock
walls and gates, the method used to control the position during float-out and the environment.

If the structure is winched out along fenders on one side of the dock, there should be adequate clearance on
the opposite side in order to allow the operation to proceed safely, accounting for possible corrective action in
case of emergency.

When tugs are used to control the position during float-out, additional clearance can be required to give the
tugs enough sea room to operate.

12.4.4 Air cushion/air pressure
The] following apply when an air skirt compartment is used to temporarily reduce the draught of the|structure.

— | A water seal with a minimum height of 0,25 m should be maintained inside the\skirt compartnent during
the float-out operation until the structure has arrived at the holding area outside the dock.

— | The air skirt compartments should be sized to withstand safely an‘internal air pressure efjuivalent to
130 % of the water head between the bottom tip of the skirt and the'still water level.

— | The skirt compartments should be tested for airtightness prior to float-out. The compresgor capacity
installed on board should be adequate to cope with any foreseeable leakage after breakdowr] of any one
compressor or system.
— | Piping should be secure, protected and of adequate-¢apacity and strength. Supply lines should have non-
return valves. A venting system should be provided to guarantee that air is removed after uge to ensure
that no residual free surface remains.

— | A reliable method of measuring the water. 'seal should be provided.

— | The air cushion should be isolated\if”separate compartments, so that failure of any part of[the system
does not cause a loss of buoyancy-that is outside acceptable criteria for stability, draught or freeboard.

— | The stability calculations should take into account the compressibility of the air as well as the free surface
effects.

12.4.5 Capacity of winching and towing arrangements

Winches, winchwire ropes and control lines should have sufficient capacity to hold or manoeuvre the
strurture in the 'design environmental conditions.

The| breaking strength of any wire rope used to hold or manoeuvre the structure should comply with 13.4.

12.4.6=Navigation-systems

Two independent positioning systems should be provided. The position should be continuously updated with
an interval of not more than 5s. The required accuracy of the system should be determined through risk
assessment, taking into account the minimum clearance between the structure and the dock. The
recommended accuracy should be the smaller of half the minimum clearance or 2 m.

12.4.7 Survey requirements
For the tow out operation from the dock sill to the holding area for hand-over for inshore tow, an adequate

area should be surveyed, taking into account the size and yaw of the structure and the required area of
manoeuvrability of the tugs.
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12.5 Inshore tow

12.5.1 Tow route and towing clearances

The minimum under-keel clearance for inshore tow should not be less than 2 m or 10 % of the maximum
draught, whichever is greater, after deduction of effects due to roll and pitch, heave, towline pull, wind heeling,
tolerance on bathymetry, differences in water density, squat effects and deflections of the structure.

The minimum channel width along the inshore leg of the tow route should be three times the maximum width
of the towed object, allowing for yaw, local currents, wind and tidal effects, and including contingencies. The

minimum channelwidth-should-also take into-account-the tu Tl r*nnﬁgnrnfmn

If passages
vicinity with

through narrows are tide-dependent, the tow route selection should allow for holding areas’ in
adequate sea room and water depth to keep the structure afloat at low tide on standby, W

the
hile

maintaining|the minimum under-keel clearance.
When pasding under bridges and power cables, the overhead clearance should be adeguate and shpuld
consider tiflal variations and changes in draught of the towed object. Where clearance is limited, a

dimensiona
that the req

Passages t

The recominended clearances are given as guidance, and each tow should be assessed on a case-by-q

basis, takin
cross-sectid
capability o
these valueg

12.5.2 Sun

For areas
three month

five times the beam of the object, with a minimum of 500 m. Sidescan sonar and bathymetric data shoul

obtained. T

The spacin
made in reg

The survey
systems an

12.5.3 Navjigation systems

Guidelines

survey of the barge/vessel and structure shall take place just prior to sailaway in order to en
Lired clearance exists.

hrough narrows and passing under bridges and power cables should-hot take place in darkness.

b into account environmental conditions, length of narrows;.any course changes within the narn
n of narrows relative to underwater area and undefwater shape of the base structure
f the tugs. If it can be proven that smaller values of clearances give the same level of confide
5 may be used.

yey requirements

where the under-keel or side clearange. can be critical, a recent survey report (not older
s) should be obtained. Alternatively;.the inshore tow route should be surveyed with a widt

ne sidescan equipment used should be of recognized industry standard.

pure

ase
oWS,
and
hce,

han
h of
1 be

j between depth contour(lines should be appropriate for the purpose. Current surveys should be

tricted parts of the towToute.

requirements may,'be relaxed if it can be shown that the on-board bathymetry measuren
d PMS systems.are of sufficiently high precision.

or navigation systems are given in 12.4.6.

hent

12.6 Offshore tow

12.6.1 Holding areas and contingency plans for routing

Suitable holding areas or safe havens shall be identified along the tow route to hold the transport when waiting
on weather or tide. An offshore holding area near the installation site should also be identified. All necessary
permits and agreements shall be arranged in advance.

Where holding areas are impractical, e.g. cross-ocean transits, weather forecasting capabilities to identify
storms that exceed operational limits and contingency plans for routing around such storms shall be in place.

70 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901-6:2009(E)

12.6.2 Under-keel clearance
The minimum under-keel clearance during an offshore tow should allow for 5 m above lowest astronomical

tide (LAT) level, after deductions for the effects of roll and pitch, heave, towline pull, wind heeling, tolerance on
bathymetry, differences in water density, squat effects and deflections of the structure.

12.6.3 Special considerations

Special considerations should be given to transits in limited areas with small under-keel clearances subject to
weather-restricted conditions, tidal windows and accuracy of the survey data.

12.({.4 Navigation systems

Navigation data shall be provided by two independent on-board systems and suit the navigational constraints
of the tow route.

12..5 Survey requirements

In afeas where the water depth is less than the structure draught plus 10 m the offshore tow route should be
surJyeyed over a width of 1 000 m. The tow route survey should provide sidescan sonar and bathymetric data.

12.fY Transport by dry tow or onboard a heavy transportvessel

12.7.1 Vessel selection
The| transport vessel should be selected based on its.capacity to suit operations of the transport, including

loadqout and offload, and to demonstrate that the vesselMmeets deadweight, deck space, strength and stability
requiirements for the marine operation.

12.7.2 Stability

For[stability requirements, see Clause 9:

12.7.3 Under-keel clearance
Thel minimum under-keel clearance for offshore transportation should be 5 m after considering the effects of

roll pnd pitch, heave, towline pull, wind heeling, tolerance on bathymetry, differences in water density, squat
effects and deflections ‘of-the vessel.

12.7.4 Special considerations

Special considérations should be given to transit in limited areas with smaller under-keel clearancgs subject to
wedther-restricted conditions, tidal windows and accuracy of the survey data.

12.7°5—Seafasteming

12.7.51 For sea fastening of objects for dry tow on a barge or aboard a heavy transport vessel, the
following considerations apply.

— The provisions of 12.2.5 apply to the design of the sea fastening.
— Sea fastening should be designed with details that are robust with regard to fatigue; for critical transports,

a fatigue assessment should be made and the calculated fatigue lives of the sea fastening and their
connections shall be at least five times the anticipated transit time.
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12.7.5.2 When using the information in Table 13, the following apply.

72

For possible slam loads and their effects on overhanging parts of the cargo, such as capped pile sleeves,
appropriate slam calculations should be prepared and documented.

If the cargo becomes submerged when the vessel heels or rolls, the weight of the cargo is reduced by an
amount equal to the buoyancy of the submerged cargo. This reduces the friction forces between the
object and the vessel and the sea fastenings should be designed to account for this loss of resistance.

A detailed analysis of heavy transport vessel or barge and its cargo, taking into account the cargo
overhang, arrangement of cribbing and sea fastening, should be performed to enable appropriate local
and global strength checking.

For carlgos supported on the deck by cribbing or dunnage, and in the absence of more detailed analysis,
the codfficients of friction in Table 13 may be used for the combination of cargo weights, cargo overhangs
and arfangements of cribbing and sea fastenings listed therein. The computed frictional férice on| the
cribbing can be deducted from the computed loading when determining the forces to be garried by the
cribbing and sea fastenings. The sea fastening design strength shall be greater than the minimum fprce
derived from the data in Table 13, which presents the maximum coefficients of frictionnand the minimum
force, g@xpressed as a percentage of cargo weight.

Friction forces shall be computed using the reaction normal to the deck between the vessel and the cargo.

The cqrgo should be supported by wood dunnage or cribbing; friction is not allowed for steel-to-sgteel
interfages.

The overhang is the distance from the side of the vessel to thé’extreme outer edge of the cargo.

For wopd cribbing less than 600 mm high and with a, width no less than 300 mm, the full friction force may
be assymed to act in any direction relative to the cribbing.

For cripbing heights between 600 mm and 900 mm high and with a width no less than 300 mm,| the
calculated percentage friction force assumed:to act in a direction at right angles to the line of the cribping
should[not exceed the calculated factor, f;.,.expressed as a percentage, as given by Equation (7):

900 - H,

3 ()

S

where f1_ is the height of the_cribbing above deck, expressed in millimetres.

For wqod cribbing ©©ver 900 mm high, or with a width less than 300 mm, no friction force shal| be
assumed to act in.a’direction at right angles to the line of the cribbing.

For cripbing With a height greater than its width, movement in the direction orthogonal to the length of the
cribbing shall be prevented by steelwork designed to carry the full friction force in that direction.

When the cribbing arrangement is predominantly in a single direction, the calculated friction force
orthogonal to the predominant cribbing direction should be reduced accordingly unless the sea fastenings
acting in the orthogonal direction are fitted with an interface that is compliant with the cargo and allows
the development of the cribbing friction as the actions on the sea fastenings develop. Such interfaces can
be comprised of an elastomeric bearing pad.

The value of the minimum sea fastening force listed in Table 13 is the minimum value, expressed as a

percentage of cargo weight, for which the sea fastening should be designed in the event that the
computed sea fastening force is less than this value.
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— For very short duration moves in sheltered water, such as turning a barge back alongside the quay after a
loadout, friction forces may be considered. It should be demonstrated that all parts of the load path,
including the potential sliding surfaces, are capable of withstanding these forces. For additional
information, see 11.12 and 11.13.

Table 13 — Allowance of friction in sea fastening design [36]

Maximum coefficient of friction
Overhang Cargoncveight
m KN
crooo | 19008 | g | soxos | onamie | 2000006 | oo oo
None 0 0,10 0,20 0,20 0,20 0;20 0,20
<15 0 0 0,10 0,20 0,20 0,20 0,20
15to <25 0 0 0 0,10 0,20 0,20 0,20
25t0< 35 0 0 0 0 0,10 0,20 0,20
35to <45 0 0 0 0 0 0,10 0,10
> 45 0 0 0 0 0 0 0
Direction Minimum sea fastening force
%W,
Transverse — 10 10 10 10 a 5
| ongitudinal — 5 5 5 b c 1,5
a |=15- W /40 000.
b |>7,5-w/40 000.
¢ |=35- w200 000.

12.7

Red

.6 Navigation systems

12.8 Transport manual

A transport manual and supporting document should be prepared for the operation and issued for
approval, as appropriate. The items, in addition to those found in 6.5.2, that it is necessary t
fransport-manual and supporting documents are given in Clause A 4.

and
the

uirements for navigation systems are given in 12.6.4.

information
o include in

13 Temporary mooring and stationkeeping for marine operations

13.1 Introduction

The design of temporary moorings and stationkeeping systems (including DP) for marine operations shall be

in accordance with ISO 19901-7, as applicable, and with the provisions presented in Clause 13.

The temporary mooring systems include components, from the anchor points at the sea floor or the quayside
to the mooring brackets or winches on the unit, that are required to hold the structure in a safe and stable
position inshore and offshore, during construction and assembly afloat of offshore structures.
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Temporary mooring systems are generally required during the construction phases of offshore structures for
inshore or offshore applications and for various durations. The most frequently used types of moorings are
listed as follows.

Inshore construction moorings: These moorings are used to hold a structure during its construction and
outfitting afloat, are generally suitable for long periods of operations in sheltered waters and are generally
catenary moorings.

Moorings alongside quays: These moorings are used to hold a low draught or slender structure during its
inshore construction and outfitting, are most commonly used for ship-shaped structures and are generally
treated as conventional berthings with a combination of spring and breast lines.

Standb
topsidg
of give

y moorings: These moorings are used to hold the main structure or one of its components
s on a barge prior to float-over) in a safe position during standby before or after the performa
N operations. These standby moorings are of the catenary type or consist of a berthingyalongsi

e.g.
nce
le a

quay of another floating unit.
— Positiop keeping moorings: These moorings are used as a positioning aid during preeise operations, guch
as inshore loadout, inshore deck mating or offshore installation.
Inshore corjstruction moorings are generally set up in areas where deep water is available at the construgtion
site, and along the tow route toward the field, in order to accommodate the_deep draught of GBSs, qr of
permanent floaters such as spars or FPSs. These areas often require specific development to accommogate
the temporgry mooring of such units.
13.2 Envifonmental criteria
The enviropmental conditions for consideration for the design of temporary mooring systems depend on the

intended lepgth of deployment during the construction phase afloat (see Clause 7, where the design criferia

versus durg

Extreme en
for when de

The enviror

location andl its surroundings, in order to\account for any directional effect or instability that can be gener

by the land

In particula
be paid to

changs

instabil

increas

tion of operation are defined).

vironmental conditions that can exist locally, such as hurricanes or typhoons, shall be accou
signing stationkeeping systems for_inshore construction or offshore installation.

mental conditions shall be applied with due regard to local circumstances specific to the mod
scape contour and/or the seafloor bathymetry.

, when the temporary-construction mooring is set up close to the shore, special consideration s

of wave direction when rounding the shore contour;

ty of thetidal current in speed and direction due to the bathymetry close to headlands;

hted

ring
hted

hall

e“inwind speed and change of direction when close to landscape highs.

Offshore installation mooring systems, deployed to provide a precise positioning aid during a temporary stage
of offshore installation, should be designed based upon specific metocean criteria and shall meet stringent
operability criteria in terms of mooring response and manoeuvrability.
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13.3 Determination of mooring response

13.3.1 Analysis methods

-6:2009(E)

For a determination of the mooring response and the design of the temporary mooring systems, analyses are
normally carried out. The three methods generally used to compute the floating structure response and the
associated forces in the mooring lines are

the frequency domain approach;
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the combined time and frequency domain approach.

se methods involve different degrees of approximation and different limitations, and, theref
bssarily yield consistent results. If verification of the approach selected for the mooring design
el test data or an alternative approach should be used.

detailed information on the analysis methods, see ISO 19901-7:2005, 8.3.

analysis shall take into account environmental actions, including shallow water wave effects, i
Hance on calculations of actions induced by the environment can‘befound in ISO 19901-7:2004

.2 General considerations on the mooring design

calculation of the wind, wave and current actions shall be based upon recognized methods 3
any directional effect. The design of the temporary*mooring system shall be checked for
sible draughts and outfitting configurations of the structure, in order to document which
5es can govern the sizing of the mooring companents.

d actions should account for the variation‘of wind speed against height. Shielding effects and s
ficients should preferably be validated by wind tunnel tests.

he absence of more precise ‘site data, the wave data for sheltered locations can be est
bunting for the fetch from'various sectors. Finite water depth should be accounted for, if applicg
calculation of currend actions should preferably be based on detailed site data. In the abse

ent, wind-generated current and currents generated by other causes, such as storm surges.

bre curreft actions are significant compared to the overall environmental actions, current action
ulated based on recognized methods or model tests.

tulated wind, wave and current actions should include the contributions of barges and

ore, do not
is required,

applicable.
b, 7.4.

nd account
the various
construction

olidification

Cts should be included where appropriate. For large deck structures attracting high wind actiofs, the wind

e drift actions should be investigated for the range of sea states that are likely to occur at the mooring site.

hblished by
ble.

hce of such

, a conservative-value for the current speed should be established, based on the combingtion of tidal

s should be

construction

equ
tem

pment likely to be moored temporarily alongside the structure that rely on the holding cap
porary mooring system.

acity of the

For inshore or offshore temporary moorings used as stationkeeping aids without stringent positioning
requirements, a quasi-static mooring analysis can be adequate, provided that the influence of low frequency
motions on the mooring response is included.

For temporary offshore moorings with strict positioning requirements, or if critical clearances between
structures and vessels exist, model tests should be carried out if motion analyses are not expected to be
sufficiently accurate.
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For tall structures anchored to mooring systems in areas that are subjected to large current variations,
whether or not of tidal nature, a check should be made that the mooring response is safe with respect to
potential in-line and transverse vortex shedding that can generate vortex induced motions.

13.4 Sizing of mooring lines

13.4.1 General considerations

The design forces of individual lines should be based on the maximum actions and motions obtained from the
analyses performed.

The calculgtions should account for the change of geometry of the mooring pattern after excursions-due to
relevant exg¢itations.

The mooring system should be checked for suitability in intact conditions, for redundancy and-for trangient
conditions, |f relevant.

The intact dondition is the condition in which all mooring lines are intact and all thrusters \if-any, are working.

The redundancy check is the condition in which the structure has a new mean position after a single|line
breakage of a failure of one or more thrusters, as appropriately assessed by the:EMEA.

The transiept condition is the condition in which the structure undergoes dransient motions between the intact

and redundancy check conditions, including the possibility of overshoot; as a result of a single mooring|line
breakage of a failure of one or more thrusters, as appropriately assgssed by the FMEA.

13.4.2 Ling tension limits and design safety factors
The line tgnsion limits applied in the quasi-static or ;dynamic mooring analyses shall comply with|the

requiremenfs set forth in ISO 19901-7:2005, 10.2, Table 5, which is reproduced as Table 14. [The
correspond|ng design safety factors are also listed.

Table 14 — ULS line tension limits and design safety factors?

Line tension limit

Anplysis condition Analysis method Design safety factor
% of MBS
Quasi-static 50 2,00
Intact
Dynamic 60 1,67
Quasi-static 70 1,43
Redundancy check
Dynamic 80 1,25
Transjent Quasi-static or dynamic 95 1,05

a8 FromTSO 19901-7:2005, Table 5.

13.4.3 Particular mooring conditions

In the case where mooring pontoons are used along with one or several mooring lines, it should be
demonstrated that they have sufficient strength, stability and reserve buoyancy when subjected to the
maximum horizontal and vertical actions generated by the mooring in the intact and redundancy check
conditions, for construction stages and draughts of the structure.
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In the case where local current conditions and moored structure geometry can cause vortex shedding
excitation of the moored structure, calculations of the mooring line strength should also account for the effect
of the in-line and transverse vortex induced motions. These effects should be evaluated based on recognized
methods.

For temporary moorings intended for long duration or where a chain is being re-used, consideration should be
made for fatigue, taking into account the chain history.

For moorings alongside quays, consideration should be given to ensuring a correct balance of the line

tensions.

13.

Temporary mooring systems normally include drag anchors, the holding capacity of which.depend
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b Sizing of anchors

ect embedment into the soil.

bn drag anchors are used, they should be sized to have a UHC greater than

1,5 times the maximum force calculated in the line at the anchor point, in"the intact condition;
1,0 times the maximum force calculated in the line at the anchor point, in the redundancy cheg
rnatively, other means for anchoring, such as gravity anchors; suction anchors, vertically load
nchor piles, can be used for specific applications. In such a/case, the design safety factors
g of the anchors shall comply with the requirements given.in ISO 19901-7:2005, 10.4, for mo
ems.

tulations of anchor UHC should take account of any‘uncertainties in the soil characteristics.

br design safety factors on the anchor UHC can apply in particular cases, based on specific a
soil conditions, and if approved by a recognized certifying authority.

bre drag anchors are used, the mooring’ lines should generally be designed to avoid uplift at th
eme forces calculated in the redundancy check. If extreme forces induce uplift at the anch

red

ction of the holding capacity should be considered for conventional drag anchors. However, s

5 upon their

k condition.

ed anchors
sed for the
ile mooring

nchor types

e anchor for
oring point,
becial types

of drag anchors that can accept-a‘limited uplift under extreme conditions can be used, provided that they have

beeh tested and proven undef similar conditions.

Alternatively, vertically loaded anchors, gravity anchors, suction anchors or anchor piles can be co

13.6 Sizing of attachments

Corlnectionsj\such as mooring brackets on the structure or fixed points on the shore, should be
des|gn strength not less than 1,3 times the required breaking strength of the weakest compo
mogring.line, see also 12.3.3.

nsidered.

sized for a
nent of the

The

design strength of such connections should reflect

variations of the angle of the line in the horizontal plane, accounting for possible deforma
mooring pattern under extreme excursions and yaw motions of the structure or platform, i
and/or redundancy check conditions;

tions of the
n the intact

variations of the angle of the line in the vertical plane, accounting for possible draught configurations of

the structure or platform when connected to the temporary mooring system.

13.7 Sizing of mooring line components

Mooring line components should be sized following the principles listed in 13.4, 13.5 and 13.6.
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Shackles and any component located along the mooring line should have a design strength equal to or larger
than the design breaking strength (WLL) of the mooring line itself; see also 18.4.

Other components used to connect or lead the mooring line, e.g. fairleaders, winches, stoppers, etc., should
have a design strength in accordance with 13.6.

Due consideration for wear, shock loads and chafing should be made in the design and specification of the
mooring line components. It also should be checked that the mooring components are well matched to each

other, so as

13.8 Clea
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to maintain the expected level of safety of the mooring system.

| I liti

hder-keel and side clearances with the seabed and with any other obstructions shall be mainta
structure reaches the maximum excursions and rotations on its mooring, under, extr
tal conditions coming from any direction, in both the intact and redundancy check conditions.

ion of minimum under-keel and side clearances should be made at the lowest.and outermost
ure, after allowance for possible reduction effects, such as structure heel and-pitch and low W

bathymetry of the site resulting from a recent underwater survéy ‘should be available w

When a lar

the clearanges with the seabed at the maximum excursion should be. in excess of 5 m vertically and 2
horizontally|in the intact and redundancy check conditions, including.transient stages.

In the casqg of an inshore construction barge moored independently in the vicinity of the structure, sm
values of clearance between each unit or its appurtenances:-should be acceptable based on mooring analy
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d not be less than 10 m, unless appropriate risk assessments are performed to demonstrate th
e can be used.

of objects moored alongside~a quay or alongside other objects, smaller side clearances ma
as long as the motion respenses of the object under the design environmental conditions H
into account, and the object has been equipped with appropriate fenders.

e under-keel clearance for objects that are moored alongside a quay or alongside other object
sheltered areas only, may be reduced to a minimum of 0,5 m, once possible clearance redug
h as tide, environmental actions acting on the object, trim and heel, and wind heeling effects, H
into account’and provided a recent underwater survey has been performed.

e on Rorizontal clearances during deck mating operations, see 15.4.
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ned
bme

part
ater

hen

ring,
5m

Bller
ses

sea
ata

be
ave

5, in
tion
ave

For clearan

13.9 Tensioning of moorings

After laying, drag anchors should be tested to the calculated maximum force generated in the line under the
design environmental conditions, in the intact mooring system as predicted by the chosen design methodology.
The test load should be applied gradually in the line and then maintained for a duration of at least 15 min; see
also 1ISO 19901-7:2005, 10.4.6.

If this tensioning test is impractical for large anchors, the test load should be individually determined after
considering the actual anchor design and the soil conditions.
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In such a case, the test load applied should be as large as is practical, and provisions should be made in the
mooring arrangement to recover any slack in the line in the event of further embedment or drag after
completion of the test and throughout the construction stages of the structure.

When mooring piles or suction anchors are used, proof tests are not normally required as long as the
installation records show that the soil conditions are in accordance with the soil design data. However, a pull-
out test should be undertaken in order to recover the slack in the part of the chain embedded in the soil during
anchor or pile installation.

13.10 Other stationkeeping means

13.10.1 General

Vessels involved in specific installation operations (e.g. transport vessels, installation|vessgls and the
strugture being installed) sometimes need to be controlled by a stationkeeping system other than g mooring.

The| stationkeeping system can consist of
— |a DP system;
— | purpose-built mooring arrangements;

— |tugs, moored and used as winch stations.

13.10.2 DP systems
DP pystems should be designed, equipped and operated.itvaccordance with References [39] and [#0].

Guiglance on the vertical and horizontal clearances for'DP crane vessels is given in 18.7.3

13.10.3 Purpose-built mooring arrangements

Where the stationkeeping system is not:anvintegral part of the vessel's equipment, but is purposeibuilt for the
installation operation (winches, jacks,(fenders, etc.), it should be sized to hold station when subjgcted to the
des|gn metocean criteria for the operation.

13.10.4 Use of tugs

In gertain circumstances;sa’tug can be used to assist in a temporary mooring system. It is, thgn, normally
conhected at its bow ¢o,a pre-laid mooring, its towing winch being used to tension up the towline cpnnected to
the ptructure. With this"arrangement, the tug effectively becomes a winch barge.

In quch a casey some special considerations apply to the pre-laid mooring and the design of| the tug. In
particular, it.should be demonstrated that the moored tug is able to function in sea conditions comihg from any
direftion.

Thelcennection to the pre-laid line at the bow of the tug should bhe checked to be suitable fod the design
conditions of the mooring system.

14 Construction and outfitting afloat

14.1 Introduction

Clause 14 covers marine operational aspects encountered during construction and outfitting afloat. It is also
intended to apply to quayside operations in sheltered water locations, such as at quaysides in an existing yard
or newly constructed quay. This includes activities on the structure, starting with tow out from the construction
site, mooring at the oulffitting site (if different from the construction site) and activities on the structure at the
ouftfitting site until departure for the offshore site.
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NOTE Deck mating activities, although often carried out during construction afloat, are covered separately in

Clause 15, which deals with float-over topsides installation operations.

Documentation and procedures for construction afloat shall comply with the general requirements of Clause 6.
When developing these procedures, it shall be ensured that those responsible for planning, authorizing and
carrying out the work are fully informed about any limitations and constraints that can be placed on the work

by factors that can be outside their own discipline.

Unlike traditional onshore construction work, activities related to construction and outfitting afloat can be

constrained by parameters that can change on a daily basis, such as

— marine|spread requirements;

— draughf, displacement, ballast condition and stability;

— weathdgr conditions;

— direct gctions and structural resistances;

— mooring actions and resistance;

— restrictlons by port authorities;

— other sjmultaneous ongoing activities and related access restrictions:
NOTE $ome of these aspects are inter-related.

14.2 Struc¢tural strength and stresses

14.2.1 Stryctural strength

Determinatipn of structural strength and stresses during construction afloat shall take into account

— static actions;

— hydrostatic actions;

— stationkeeping actions;

— envirorjmental and envirenmentally-induced actions;
— tidal leyel changes;

— differential ballasting;

— aCtlon IUOU:t;IIH fIUIII thG CUIT Iotl u\.at;ull Oplcﬂd,
— vessel impact actions;

— actions due to construction activities, with particular attention to lifting;

— contingencies, including accidental flooding, mooring line breakage and dropped objects, as appropriate.

80
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14.2.2 Structural limitations

Any structural limitations imposing constraints on operations shall be clearly defined and written into the
relevant operational procedures. These can include

— maximum and minimum draught;
— differential ballast levels in adjacent buoyancy compartments;

— overall weight distribution;

— |structural limitations on heel or trim with consequent limitations imposed on draught; |stability or
environmental conditions;

— |phases during which one compartment damage stability requirements are not met) ‘and the structural
requirements or the alternatives given in Clause 9 apply.

Agimg of time-sensitive construction materials, such as concrete, should be“taken into accpunt in the
calqulations.

14.8 Construction spread

The| construction spread can include barges and other floating\equipment moored alongside pr near the
structure, and can serve the following functions:

— | storage for construction materials and equipment;
— | base for a concrete mixing plant;

— |temporary power supply;

— |temporary ballast control;

— |offices;

— |workshops;

— | personnel reception-area and security;

— | bridges/gangways;

— |temporary-stairs;

— | berthing and unloading area for ferries, transport barges and vessels;

In general, the number of vessels moored alongside the structure should be kept to a minimum. Where
practical, any redundant equipment should be removed from the spread.

The mooring and fendering system for each item of the spread should be designed in accordance with
Clause 13.

Where such a design is impractical, e.g. in locations prone to tropical cyclones, the limiting design and
operational metocean parameters for the moorings shall be clearly defined. An emergency preparedness plan
and related detailed procedures shall be developed to discontinue use of the affected equipment and remove
it to a place of safety before the operational limit is reached. Adequate tugs and safe moorings should be
made available to perform this operation.
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Equipment and material on barges should be secured to minimize the risk of falling overboard or sliding

laterally.

Floating equipment moored adjacent to the structure should satisfy the one compartment damage stability
requirements in accordance with the damage stability criteria established for the project.

The requirement for contingency pumping equipment on-site should be evaluated.

A HAZID shall be carried out for the entire spread involved during the construction and outfitting afloat.

14.4 Wel
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set proceddires during construction or outfitting should be determined ahead of time and recorded in
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over topsides installation

15.1 Introduction

Clause 15
the seabed
Guidelines

15.2 Envi
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parameters

15.3 Stru

~

ring construction and ouftfitting shall be performed in accordance with the welding @nd |
established for the project.

5 performed on the structure with the power source located on an attendant vessel, precaut
en to eliminate the return of stray welding currents. Appropriate recommendations on welding
ques can be found in 1ISO 19902291, Welding cables (both positive and negative leads) sha

tion can be installed on the attending vessel to check for the presence of stray welding curren
g currents are detected, an immediate investigation to determine the cause should be condu
ation rectified. If the problem is not rectified in a reasonable period of time, welding operation s
ued until the problem is corrected.

m structural welding required to ensure seaworthiness 6f-a vessel while performing partial lift

ontains guidelines for float-over installation of topsides onto structures either floating or fixe
Additional information on(float-over installation can be found in 1ISO 19902:2007[2%], Clausq
or lift-based installation are’provided in Clause 18.
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15.3.1 General

The topsides and its transportation vessel, the structure and the installation equipment are subjected to a
variety of actions during installation. The adequacy of global and local strength shall be documented.

15.3.2 Des

The design

82

ign situations and actions

situations can include the following types of actions:

permanent actions;

variable actions;
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dynamic actions;

manoeuvring and positioning actions;
hydrostatic and ballasting actions;

indirect actions from deformations, misalignments and out-of-levelness;
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oo

bn topsides are installed onto a floating structure, the horizontal restraint of the topsides(ptior

ficients given in Table 13.

.3 Temporary connection points

porary connection points can be used for the attachment of stationkeeping, positioning an
ems, such as tugger lines, winches, winch wires or mooring wires; or other devices. Conn
gn should consider directions from which the action can be applied; and the design strength s
t 1,3 times the breaking strength of the wire or the rope to be attached to it; see 13.6.

bre connection points become submerged during the operation, they should be designed so th

0 making a
n situations
the friction

d guidance
ection point
hould be at

at failure of

a cqgnnecting point does not lead to the loss of the watertight'integrity of the submerged structure.

15.3.4 Topsides supports

Topsides supports, such as transportation yvessel grillage and permanent support stools, should have
suff|cient strength to withstand actions imparted on them during the operation. Deflections of the tppsides and
the parge during the load transfer operation-for the defined sequencing of lift-off from the supports|should also
be gonsidered.

15.3.5 Floating structures

Flogting structures shall be ‘designed so that a pre-defined stand-by draught can be maintained prior to
topgides installation. Any-structural limitations on the length of time the structure can remgin at deep

sub

15.4 Clearances

15.4

Dur
equ

mergence draught-should be quantified and considered in the operational procedures.

.1 General

ng_the float-over operation, appropriate clearances shall be maintained between the relevan

structures,

pment and the sea floor in order to avoid unintended impacts and damage. When setting these

clearances, consideration shall be given to the influence of factors such as relative motions, tide, current
effects, water density, wind heel, bathymetry and draught measurement tolerances, as well as to deflections
of structures. Minimum required clearances are given in 15.4.2 to 15.4.4.

15.4.2 Floating structures — Under-keel clearance

Under-keel clearances for floating structures are given in 13.8.
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15.4.3 Floating structures — Minimum freeboard

For floating structures, the minimum freeboard should take into account the details of the installation operation,

including the effects mentioned in 15.5.1, as appropriate, and the controllability of the load transfer.
For GBSs, the minimum freeboard should not be less than 6,0 m, unless a lower value can be justified.

For installation vessels, the minimum freeboard shall not be less than 0,5 m.

15.4.4 Clearances during float-over

Where the [topsides installation method involves manoeuvring alongside or between the structure’s leg
columns in |very close proximity of the structure, the minimum horizontal clearance between each side)of
transportatl n vessel and the structure should be dependent upon the installation system ut|I|zed As a gui

and of the relative motions between the topsides and structure under the design environmental conditions.
15.5 Guidance systems for topsides set-down

15.5.1 Genleral

Guidance slystems shall be provided to ensure pregise positioning, within specified tolerances, of the tops
when set-dpwn on the structure and to protect.adjacent structures and equipment from damage during
installation pperation. Such systems can consist;of

— passive guidance systems, such as-bumpers and guides, pins and buckets, stabbing cones, sto
plates [and fenders, that are designed so that the topsides can be manoeuvred against them; th
guidange systems can be fitted with elastomers for load absorption;

— active puidance systems,ssuch as jacking or winching systems, that are connected to the topside
transpgrtation vessel te.guide the topsides into position and to effect a load transfer from the trans
barge to the structure;

— a combination of both passive and active guidance systems.

5 or
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15.5.2 Pasrive guidance systems

Passive guidance systems should be designed for impact and for frictional forces from any direction an

din

any combination in which they can occur. Where passive guidance systems use temporary structures, they
should be designed to fail before overstress or damage is caused to any permanent structure to which they
are attached. Determination of design actions and layout of the passive guidance system should include

consideration of

— installation method and equipment;
— design and operational environment;
— vulnerability of surrounding structure;

— ease of removal following topsides installation.
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Prior to the start of the topsides installation, an as-built dimensional survey of the guides should be carried out
to ensure that they are within acceptable tolerances for achieving precise topsides positioning.

15.5.3 Active guidance systems

Active guidance systems should be designed to achieve and maintain a final position within the recommended
tolerances given in the design report, which defines the limiting environmental conditions appropriate to each
phase of the operation. These systems should have a range of movement sufficient to enable connection and
activation when the positioning tolerance limits of the stationkeeping systems are reached.

For offshore operations, it can be necessary to incorporate damping to control vertical motions during the final
posftioning phase.

15.6 Operational aspects

15.6.1 Planning and scheduling

be planned
llasted to a

Forf{floating structures requiring minimum freeboard for topsides installation, the ‘eperation should
to minimize the time spent at deep draught. In the event of delays, the strueture should be debg
safg (stand-by draught) condition.

An
ove
of th

15.4

For
dee
inst
The

hppropriate procedure should be established to allow a stand-by draught in a safe condition f
r spread whilst waiting for acceptable weather, e.g. when experiencing operational delays befi
e installation.

.2 Pre-operational preparations

floating structures that require deep draught submergence for topsides installation, both in
b draught submergence tests should be performed as separate marine operations prior to t
bllation. Ballasting rates should be consistent\with those being used for the actual topsides
trial submergence should include hold pointsto allow for checks of systems and structure.

or the float-
bre the start

clining and
he topsides
installation.

The] float-over operation should not commence until the results from the inclining and/or deep sybmergence
tests are known.

Paint identification and draught marks for the various steps of the operation shall be made on [the floating
structures.

15..3 Removal of sea fastenings

Thel PNR for cutting-sea fastenings shall be clearly defined. The cutting of sea fastenings shall npt start until
the |decision to gproeceed with the installation operation is made. In cases where the transpgrtation sea

fast|
thog
arriy

bning system-is designed for transportation environmental conditions significantly more o
e prevailing at the installation location, partial removal of the sea fastenings may be consi
al of the transport at location.

15.6.4-Final approach to the structure

erous than
dered upon

Where the topsides installation requires the transportation vessel to work in very close proximity to the
structure, particular attention should be given to means of controlling the vessel speed during the final
approach. This is normally achieved by use of winches and lines, with further assistance from tugs, pre-laid
moorings, fenders, etc., as required.

15.6.5 Load transfer

An appropriate load transfer system should be provided to handle repeated impacts, taking into account the
relative motions between the topsides, structure and transportation vessel, and the speed with which load
transfer (ballasting, de-ballasting) can take place. A hydraulic load transfer system or passive elastomers shall
be considered to reduce the exposure to impacts.
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Where impacts are likely to occur, the topsides and the structure shall be designed for impact effects.

The position of the topsides shall be verified when either sufficient weight of the topsides has been transferred
to the structure to prevent any further movement or the topsides is engaged in the final guidance system, such
that its accuracy of position is guaranteed upon set-down.

Where load transfer involves significant ballasting operations, the sequencing of such ballasting should be
pre-determined to keep heeling and bending moments within acceptable ranges while minimizing the duration
of the load transfer operation.

Where multiple barges support the topsides, the final load transfer sequences should be planned to maintain

positive cor

Removable

tact between each barge and the topsides until the scheduled removal stage.

or collapsible supports or jacks can be used to gain clearance rapidly and minimize~secon

contacts. The reliability of such devices shall be appropriately confirmed.

The load ftr
case of faily

15.6.6 Bar

When adeq
the structur
Guides and

15.6.7 Ret

For floating

Ansfer operation shall be designed to ensure completion without serious consequences, eve
re of any one system or component.

je or vessel removal
uate clearance has been achieved following transfer of the topsides from the barge or vesss

e, the barge or vessel should be removed from the immediatetlocation in a controlled man
fenders should be pre-installed, as necessary.

irn to stand-by draught

structures, deballasting should continue following barge or vessel removal until a safe draug
which time permanent connection of the topsides*should commence.

rational control parameters

ral:

ative position, orientation‘and clearance of structure and topsides,
rameters for active‘guidance systems (oil pressure, stroke, etc.),
vironmental conditions and forecast;

sportation.yessels or barges:

5sel(s) or barge(s) trim, heel and draught,

Hary

bl to
ner.

ht is

g parameters shall be considered,monitored and controlled during the operation, as appropriate:

reached, at
15.6.8 Op¢
The followir
a) ingene

1) rel

2) pa

3) en
b) ontran

1) ve

2)

3) ba
c)

1)

2)

3) air
86

water level in vessel and/or barge ballast cells,

llast control status;

on floating structures:
draught, heel and trim,

water level in ballast cells,

pressures in cells,
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4) ballast control status,

5) leakage.

15.7 Float-over manual

Float-over is a marine operation and, as such, detailed procedures should be established and implemented.

A float-over manual and supporting documentation should be prepared for the operation and issued for
information and approval, as appropriate. The items listed in 6.5.2 and in 17.18 shall be included in the float-

OVeF

manualand sunnaortina documents
ARaRda—aRa-SHpPPpoRHg-GecH B8RS

Tow
see

All

16

16.

16.1
The)
sha

Spr
add

16.1
The
Ang

Cat
diffd

5.4.2.

ersonnel vital to the performance of this operation should participate in these sessions.

Pre-laid mooring including foundation
| Introduction

.1 General
installation of pre-laid position mooring systems, including foundations for offshore floating
| be in accordance with ISO 19901-7, as applicable,-and with the provisions presented in 16.1

bad mooring systems, single point mooring systems-and vertical tension leg systems are add
tional guidance, see 1SO 19902:2007[29, Clause22.

.2 Mooring system components
anchor point and the mooring line, or.tendon are the major components of a mooring system.

hor types include fluke, plate, suction, pile or gravity.

rent materials, characteristics, weight and appearance, including
connectors;
stud or studless chain;

steelwire rope, sheathed or unsheathed;

synthetic wire rope;

weight or buoyancy components.

ing, mechanical handling and ballast operations should be considered during HAZID or simil@r sessions;

structures,
210 16.13.
ressed. For

pnary or taut mooring lin€s)are generally composed of several components and segments that can be of

TLP mooring systems are generally composed of tendons that form a link between the structure and the
foundation system(s) on the sea floor. A typical tendon design generally includes

a)

the main body, made up of individual tendon segments with similar or identical geometric properties, and

which can take a variety of forms, such as
1) tubulars,

2) solid rods or bars,

© 1SO 2009 — All rights reserved

87


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901

-6:2009(E)

3) stranded construction such as parallel or helical wire rope,

4) fibre rope;

b) connectors, which connect the tendon to the platform hull (top connector) and to the foundation system(s)
(bottom connector);

c) couplin

gs, which connect one tendon segment to another or to a specialty component.

16.2 Installation planning

16.2.1 Gen
Relevant m
Regardless

subject to a
assessmen

The operafjons plans shall be documented in a set of installation procedures”or’ of instructions for

installation

16.2.2 Op¢
Aspects for

— moorin
deploy

— relevarn

— existing
progres

— enviror
typhoo

— specifi
— seabed

— theexi

16.2.3 Mog

eral
arine operations shall be considered at the design stage of the mooring system.
of the type of mooring system being installed, mooring system installation operations shal

thorough risk assessment and the operations shall be designed and planned taking account of
| results.

Crew.

rational aspects
consideration during planning and design shall include, as appropriate,

j configuration, component specifications and special design features incorporated to facil
ment;

t owner and regulatory requirements for the as-=laid mooring;

installation units, subsea equipment;-supporting vessels and other activities planned g
S in the vicinity of the field;

mental conditions, such as local seasonal data (wind, waves, swell and current) and hurricane
s (known as cyclones or typhoons in other areas), as applicable;

design criteria for weather-restricted operations;
soil conditions atanhchor and mooring line locations;

stence of nearby obstacles, especially those on the sea floor.

ring equipment documentation

be
the

the

tate

S or

Component

uniquely identifiable.

The following documentation should be available for the design, planning and execution of the operations:

— dimensions with tolerances;

— material specifications;

— weight;

— length;

88
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16.2.4 Pre-installation activities

Acti

RO
anc
sea
corr

E

obstacle free corridor.

Thel use of a se@ floor acoustic array positioning system shall be considered, depending on t
tolefances for.the as-laid position and the orientation of anchors and mooring lines, and on W
Target buoys.indicating anchor locations and the position of the floating structure shall be installed

RO

orienhtation and verticality

ISO 19901

strength (as certified or otherwise documented);

special considerations;

load-elongation properties: initial permanent elongation and stiffness of fibre ropes;
axial stiffness (steel wire rope);

torque and twist behaviour (steel wire rope and fibre rope);

racictanon o manhanical and ~Ahaminal attanl o
reSTotartcetormrecrartoca To-Crrermmcaratatics

-6:2009(E)

fabricator’s guidelines or instructions, if any;
minimum bending radius (as a function of rope tension, as applicable);

anchor particulars.

vities carried out prior to the start of installation operations shallinclude
inspection and certification of mooring components;

survey of mooring line corridors and anchor location areas;

trial fitting of components, where practical, to\verify tolerances;
calibration of positioning systems.

surveys shall be performed in (search of obstructions along planned mooring line lay ro
hor location areas that can interfere with installation work. A mooring line shall not be install

dor width shall take account.of the accuracy of the intended survey procedure.

¢vant documentation should be available during pre-installation operations and temporary phasges.

ites and at
ed unless a

floor survey provides evidenge'that a lay corridor at least 20 m wide is free of obstructions. The surveyed

MPLE If the suryey-accuracy is = 15 m, it is necessary to survey an additional width of 5 m to efisure a 20 m

instrumentation shall be capable of using the survey system to determine the actual loc

e specified
ater depth.

ation, radial

16.2.5 Sequence of mooring component installation

The mooring system configuration generally dictates the sequence of installation of its components. Efforts
should be made to determine a safe and controlled sequence for the handling of components and personnel,

and

to make optimum use of available installation vessels and facilities.
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The platform chain end of the mooring line laid on the sea floor shall be terminated with an abandonment and
recovery system to ensure that it can be easily located and recovered to the surface without delay or damage.
The location of each mooring line termination on the sea floor shall be recorded. The abandonment and
recovery system shall include a secondary recovery method as a contingency so that, if the primary recovery
system is unable to retrieve the mooring line, the secondary system can be utilized. This termination system
shall be designed such that the mooring line can be retrieved by use of a line lowered from a floating vessel
and shall also be designed such that it can be activated by the use of ROV-assisted tools.

16.2.6 Post-installation activities

Following in

stallation of the mooring system, a post-installation visual survey of the mooring system shoul

be

performed.
stated toge
should recg
the as-

the pos

the cor
gromm

any da
16.3 Fluk

16.3.1 Gen
Installation
manufactur
parties.

Adequate
10.4.6.

16.3.2 Ope

In addition
include, as

monito
line ten

line an

The survey should be documented and taped on video. Positions of anchor points shauig
her with a recording of the level of accuracy provided by the deployed survey system. The su
rd, as a minimum,

aid configurations of the mooring lines;

itions of anchor points and of pre-laid mooring lines;

dition, shape and position of aids for use during temporary phases, finalpick-up or hook-up (bt
ets, etc.);

mage, twist, etc., that has occurred during installation.
e anchor installation

eral

of drag embedment fluke anchors shall generally follow the procedures developed by the an
br with modifications, as necessary, to suit the actual installation, and shall be approved b

hooring system holding capacity shall be demonstrated by load testing, see 1ISO 19901-7:2

rational aspects

o the items listed inc16:2.2 and 16.2.3, aspects for consideration during planning and design 3
Bppropriate,

[ing of anchaordnstallation;
sion during installation;

jle-outside stern roller;

anchor

installa

90

drag;

final installation measurements;
minimum test tension for a 15 min holding time;
final anchor drag;

final penetration depth (best estimate);

tion tolerances;

be

fvey

oys,

chor
v all

D05,

hall
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— requirements to as-laid documentation;
— requirement for ROV assistance to verify position and orientation during deployment.
16.3.3 Anchor installation vessel

Available bollard pull, winch capacity and MBS of the installation wire onboard the actual installation vessel(s)
should be such as to ensure that the minimum required test load can be applied to the mooring system.

Friction resistance at the stern roller, weight of mooring lines (in deep waters) and line angle should be taken

Intc consideration
GRS rattor-

16.4 Plate anchor installation

16.4.1 General

Thel embedment of plate anchors can be achieved by dragging (like a fluke anchor), pushing, drivipg or by the
use|of suction.

Insthllation shall generally follow the procedures developed by the\plate anchor manufgcturer with
modifications, as necessary, to suit the actual installation, and shall be approved by all parties.

Adgquate mooring system holding capacity shall be demonstrated by load testing, see 1SO 19901-7:2005,
10.4.6.

16.4.2 Operational aspects
For|drag-in plate anchors, see 16.3. For plate ancharrémbedment using suction piles, see 16.5.

In addition to the items listed in 16.2.2 and 16¢2.3, aspects for consideration during planning and gdesign shall
inclide, as appropriate,

— |triggering and rotation of the anchar;

— | verification by measurements-that the anchor has rotated to its intended installation position;
— | confirmation of anchorholding capacity by full load testing.

16.4.3 Anchor installation vessel

Forjanchor-installation vessels, see 16.3.3.

16.p Suction anchor installation

16.5-+Generat
Suction anchors should be purpose-built for a specific installation method.

Marine operations shall be considered at the design stage so as to obtain a design optimum with respect to
logistics, handling, deployment and insertion of the anchors.

Anchors are normally transported offshore on the installation vessel or on a separate barge. In the case of
multi-caisson suction anchors, self-floating transportation can be feasible.

The anchors are either lifted by crane or launched by skidding from the transportation vessel, and lowered to

the sea floor. During lowering, there should be free movement of water between the interior of the anchor and
the sea through open valves in the roof of the anchor.
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When the mooring line is attached to the anchor before anchor launching, the installation procedure shall

ensure that

the integrity of the mooring line is maintained throughout anchor submergence and insertion.

The anchor penetrates to an initial depth under its own weight. Sufficiently large water evacuation ports shall
be provided to allow water to escape quickly during this self-weight penetration without disturbing the upper
soil layer. Further penetration to final depth is accomplished by closing the evacuation valves and pumping out
water to create suction. Soil data shall be used to determine the required pump capacity (i.e. necessary and

permissible

underpressure) to enable the anchor to penetrate to its required depth.

To generate the underpressure, a remotely controlled hydraulic pump can be fixed to the anchor prior to
launching. Alternatively, a pump can be docked underwater by pre-rigged guide wires or by ROV.

After install
section follg

16.5.2 Op¢

In addition
include, as

— anchor

htion, the mooring line shall be pre-tensioned to prevent unacceptable slackening of the embed
wing floater mooring system hook-up; see ISO 19901-7:2005 10.4.6.

rational aspects

o the items listed in 16.2.2 and 16.2.3, aspects for consideration during planning and design 3
Bppropriate,

weight and dimensions;

— location of padeye (depth below mudline);

— moorin
— geotec
— expect
—  require

— limiting

g line configuration;

nical parameters;

bd self-weight penetration depth;
d suction pressure;

suction pressure;

— installation tolerances on verticality, orientation of padeye and penetration depth;

— lifting 3
—  require
— lifting/I¢
—  requirej

16.5.3 Ope

nd repositioning in case of penetration failure;
ments for as-installed documentation;

wering capacity-efmarine equipment;

ments for ROV assistance.

rational control parameters

The followir

aparameters shall be considered. _monitored and controlled during installation:
D 4 ~

— anchor

— anchor

position;

heading during lowering, upon initial stabbing and once installed;

— penetrated depth;

— internal suction pressure;

— padeye orientation;

— anchor

92

verticality during lowering, upon initial stabbing and once installed.

ded

hall
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16.6 Anchor pile installation

16.6.1 General

Anchor piles can be launched, lifted or upended, and are normally lowered to the sea floor by crane. During
lowering, the anchor pile shall be lowered by a method that restrains the pile from rotating about the lowering

line.

When the mooring line is attached to the pile before launching, the installation procedure shall maintain the
integrity of the line throughout pile submergence and insertion.

The)

accpmplished by the use of a pile hammer mounted on the top of the pile. In other cases;\the
drilled and grouted in place, or the pile can be dropped from a calculated height above . the seg

gray

Aftd
sec

16.

In addition to the items listed in 16.2.2 and 16.2.3, aspects for consideration during planning and

incl

ity to reach the design penetration.

r installation, the mooring line shall be pre-tensioned to prevent unacceptable slackening of the
ion following the floater mooring system hook-up; see also ISO 19901-7:2005,10.4.6.

.2 Operational aspects

de, as appropriate,

pile weight and dimensions;

location of padeye;

mooring line configuration;

geotechnical parameters;

expected self-weight penetration depth;

requirement for sea floor support frame;

selection of pile hammer or drilling and grouting equipment;

installation tolerances on verticality, orientation of padeye and final penetration depth;
potential for pile’and connector fatigue during driving;

requirements for ROV-assisted instrumentation to determine pile penetration immediately af
of the pile.

pile penetrates to an initial depth under its own weight. Penetration to final depth)s generally

pile can be
floor using

embedded

Hesign shall

er lowering

16.6-3 " Operattonat control parameters

The following parameters shall be considered, monitored and controlled during operations:

pile position;
padeye orientation;
penetrated depth;

pile hammer or drilling and grouting equipment performances;
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blow counts;

achieved;

16.7 Grav

pile refusal;

pile soak.

ity anchor installation

pile verticality during lowering, upon initial stabbing and throughout installation until full penetration is

16.7.1 Gen

Gravity anc
high density

Both solid 4

eral

hors are deadweight anchors that commonly consist of solid blocks or containment structures
material ballast.

lock anchors and containment structure anchors are normally transported on(ayvessel and lifte

place by crane. Self-floating containment structures are also used.

The ballast

material can be concrete or steel blocks, scrap metal or rock. Ballast-material is normally p

after installation of the containment structure and lifted into place or, in the case of rock, dumped through 4§

pipe from th
After install

prevent ung
10.4.6.

16.7.2 Ope

In addition
include, as

anchor

toleran
require
sea flo

seabed

e installation vessel.

ption, the mooring line shall be pre-tensioned to demonstrate adequate holding capacity an
cceptable slackening following the floater mooring system hook-up, see also 1ISO 19901-7:2

rational aspects

o the items listed in 16.2.2 and 16.2.3, aspects for consideration during planning and design 5
bppropriate,

weight and dimensions;

locatiofs of padeyes;

Ces on orientation of padeyes;
ment for ROV assistance;
br bathymetry;

soil conditions.

with

din

it in
fall

d to
D05,

hall

16.7.3 Op¢

rational control parameters

The following parameters shall be considered, monitored and controlled during installation:

anchor

ballast

94

position;

padeye orientation;

weight.
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16.8 Mooring system connectors

16.8

.1 General

Connectors are used to join mooring system segments and components. Shackles and links, triangle plates
and spelter sockets (open or closed) of various types are the most commonly used connectors in catenary

and

taut mooring systems.

Top and bottom connectors for TLP tendons are uniquely designed for each particular application. Generally,
tendons have intermediate connections along their length. Tendon connections can take the form of

i i i woel [TaY]
mechanical r\nnplmge (fhrnnr’le, r\lnmpe’ bholted 'Flnngn, ete )’ gwfh alded Jmmi‘c aor_other h}lpoc of structural

conhections.

16.]
16.

.2 Operational aspects

.21 In addition to the items listed in 16.2.2 and 16.2.3, the following Censiderations

appfopriate, during planning and design.

16.8.

16.

Each connector should have a valid certificate with a unique identifier.
Connectors should be used and assembled in accordance with manufacturer’s instructions.
Items that can work loose, such as nuts and bolts, should be-properly secured.

MBS or WLL of connectors should be considered in.conjunction with the representative
connected components in determining the safety levelfor the total mooring system.

2.2 During temporary phases, limitations shall, be set for actions and handling, such as
impact or snap actions;

bending actions, for example over the stern roller, around guiding pins, on winch drums or in b
tension actions;

torsion actions;

cyclic actions;

mechanical abtasion;

combinations of the above.

.3 /Post-installation inspection

5 apply, as

strength of

ends;

After their installation, connectors should be inspected to verify that they are intact and undamaged before
further installation of the mooring system.

16.9 Chain

16.9

.1 General

Both stud link chain and studless link chain are used in mooring systems. The chains shall be handled and
installed in accordance with the manufacturer’s instructions and guidelines.

© 1SO 2009 — All rights reserved

95


https://standardsiso.com/api/?name=e414afea8f2849467da2c68098bda2a8

ISO 19901

16.9.2 Ope

Aspects for

adequa
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rational aspects

consideration during planning and design shall include, as appropriate,

chain segments having a valid certificate that uniquely identifies each chain segment;

position of each uniquely identified chain segment in the mooring line;

cy of stopping off equipment and tools to sustain installation actions;

tv of the sizes of avnsies winch null canacities and bhrake capacities:
J I 7 T L L 7

avoidin

avoida

16.9.3 Post-installation inspection

A post-instg

criteria and [that no mechanical damage has occurred.

16.10 Steel wire rope

16.10.1 General

Due to the|various constructions of steel wire rope, eacti*type can behave differently when handled
subjected tp a load. This can apply, in particular, to-bending and torque properties. Wires for long-{
mooring systems should be coated or sheathed.

Steel wire [rope shall be handled and installed”in accordance with the manufacturer’s instructions
guidelines.

16.10.2 OQOperational aspects

Aspects for
wire ro
method

load-el

g chain segment twist;
checkimg compatibility of design actions and design resistances throughout all phases of installation;

nce of mechanical damage to chain links.

llation survey shall be performed to verify that chain segments are not twisted beyond their lim

consideration during planning and design shall include, as appropriate,
be segments with-awalid certificate that uniquely identifies each wire rope segment;
s for stopping off actions during installation;

bngation. properties (axial stiffness);

twist a

ting

and

and

tem

hd-torque of wire rope when loaded and. in particular. its effect on adjacent mooring syd

components;

occurs, its adequate repair on deck;

wire rope terminations;

protect

other h

96

ion from mechanical damage or weld spatters, in particular when the wire rope is sheathed;

azards with respect to the integrity of the wire sheathing;

planning the handling of sheathed wire rope to avoid damage to wire rope sheathing and, if sheathing
damage

compliance with minimum bend radii on winch reels, over fairleads and stern rollers, in particular near
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avoiding kinks or loops during wire handling and in the as-laid configuration;
fatigue during the pre-installation period;

minimum tension to avoid over-bending.

16.10.3 Post-installation inspection

A post-installation survey should be performed to document the as-installed configuration and to verify that the
wire is not twisted beyond its acceptance criteria, that it is not damaged and that no kinks or loops have

OcCcCl

16.

wrad

pTTOTT

11 Synthetic fibre rope

16.11.1 General

Fibne rope can be of various material(s) and constructions. Each combination can ha

cha

racteristics and properties that should be taken into account when handling, when subjected to

whegn stored temporarily. The manufacturer’s instructions and guidelines shall-be followed.

NOTE For further information, see 1SO 18692:2007, Annex D 411,

16.11.2 Operational aspects

Aspects for consideration during planning and design shall include, as appropriate,

rope construction, rope material, protective cover\and particle ingress protection;
MBS;

load-elongation properties: initial permdnent elongation and stiffness;

fabrication tolerances (length);

weight, submerged and in air;

hoop actions;

cyclic actions;

compression‘actions (lack of tension);

bend radii (over the inner diameter of the winch drums, guiding pins, stern roller, etc.);

bending combined with tension;

e different
actions and

1)
m)

n)

0)

minimum tension and over-bending;
heat and UV radiation;

methods for stopping off loads;

potential for mechanical wear and damage (sharp steel edges, vessel deck, stern roller, handling

equipment);

avoiding contact with chemicals (oil, solvent, etc.);
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p) avoiding contact with sea floor and exposure to water-borne particles;
q) attachment of buoyancy elements;
r) motions and fatigue experienced during temporary phases;

s) environmental effects during installation and during the pre-installed period.

Any rope without ingress protection shall not be allowed to contact the sea floor nor be exposed to water-

borne particles and shall be discarded if dropped onto the sea floor.

16.11.3 Ppst-installation inspection

A post-installation survey should be performed to document the as-installed condition and configuratior
verify that no damage has occurred and to compare actual conditions with the acceptance criterid.

16.12 TLP tendons

Long, slender pipe (tubular) or rod structures are most often used for TLP tendons. Chain, steel wire r
synthetic fipbre rope and other composite material can also be used. Their installation requirements
addressed in 16.9, 16.10 and 16.11, respectively.

The materigl used in pipe or rod structures is high-strength steek.opr'composite materials. Tendons car
towed to th¢ site, upended and installed, assembled on-site or installed from reels on-site.

16.12.2 OQOperational aspects

Aspects for|consideration during planning and design shall include, as appropriate,
— bending, maximum bending stresses and accumulated bending strain;

— comprgssion loads and buckling;

— fatiguelincurred during temporary-phases;

— buoyar]cy requirements;

— envirorjmental effects during temporary phases;

— minimym tension-requirements;

— vortex [nduced-vibrations (VIV).

, to

bpe,
are

be

Threaded joints should be specifically considered with the aim to enhance resistance to bending an

to

facilitate handling operations.

16.12.3 Pre-installed phase

Pre-installed tendons should be continuously monitored during the period from pre-installation to structure

hook-up. In particular, precaution should be taken to ensure that
— interference from other vessels is avoided;
— interference with other pre-installed tendons is avoided;

— tension is always maintained in the tendons.
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16.13 Mooring installation manual

A mooring installation manual and supporting document should be prepared for the operation and issued for
information and approval, as appropriate. The items found in 6.5.2 and 17.18 shall be included in the mooring
installation manual and supporting documents.

17

Offshore installation operations

17.1 Introduction

17.1
The)
of g
info
17.1
Ops

any
sha

17.

17.2

Ab
cles

Me4d
17.2

Site
ope

17.

The

.1 General
requirements, guidance and recommendations for marine operations involved in the~offshorg

tructures, topsides, subsea templates and similar objects are provided in 17.182 to 17.18
rmation can be found in 1ISO 19902:20071291, Clause 22.

.2 Design
rations shall be designed in accordance with the contents of Clausé:17. Results from analyse|

other required design activities shall be documented. Minimum requirements on tolerances o
| be defined.

P Installation site

.1 Sea floor survey

hthymetric survey of the site sea floor area shall be carried out to determine bottom topograp
nliness of the site and provide up-to-date and-accurate information for the installation design.

surements locating pre-existing structutes shall be performed.
.2 Soil survey

-specific geophysical and-geotechnical data shall be made available to design and plan the
Fations.

B Actions on and'motions of floating units
following aspects shall be considered, as appropriate:
environmental actions and induced motions of floating units;

actions resulting from external or internal hydrostatic pressures;

installation
. Additional

s, tests and
installation

hy, confirm

installation

actions imposed from translation and rotation of the object;
actions resulting from earth pressure;

actions from lifting operations;

actions imposed during set-down;

actions imposed when passing through the splash zone.
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Model tests can be considered as part of the design to substantiate analytical results to alert the designer to
unanticipated responses and to indicate the levels of design margins for the findings of computer modelling
assessment.

17.4 Systems and equipment

17.4.1 General

Guidelines for the selection of operational systems and equipment in general are given in Clause 5 and
Clause 6. Considerations regarding specific items of systems and equipment are given in 17.4.2 to 17.4.6.

Lets

The installa
fleet as the

17.4.2 Ves
tion operation can be a direct continuation of the offshore transportation, using the ¢ransportgtion
core of the installation fleet.

17.4.3 Posjtion monitoring system

Normally, tivo independent on-board positioning monitoring systems (PMSs) shall-be utilized for operatipnal

monitoring
for the othe

Where und
system.

17.4.4 Ballast systems

Ballast sys
purposes, V
guidelines.

17.4.5 Trapsport vessel interface with marine equipment

If the transg

and positioning during the installation acCtivity.

17.4.6 Floating structure interface with marine equipment

bnd control purposes. Both systems shall be in operation at any time, each serving as the bac
r. Each should be fed by an independent power source.

brwater accuracy is important, at least one PMS shall be an/underwater, hydro-acoustic referg

fems shall be considered as the prime operational systems on floating units for installg

ort vessel is a launch barge, cargo barge or motor vessel, consideration shall be given to hang

up

nce

tion

here draught, trim, heel and stability are vital\for a successful operation; see Clause 10 for funther

ling

The floating structure can bé&-evel, inclined or horizontal with respect to its final attitude, and considergtion
shall be given to the methods for handling the marine equipment.

17.5 Launching

17.5.1 Gerleral

Launching can be performed by means of either longitudinal or, less commonly, sideways sliding of the
structure from a barge or other floating unit.

17.5.2 Operational aspects

Aspects for

consideration during planning and design shall include, as appropriate,

launched object;

ranges

100

of both weight and CoG position;

stability (see also 9.9.3), strength and hydrodynamic characteristics of the launch barge or unit and the
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— water depth at the launch site;

— sea floor clearance;

— launch barge stern submergence and tilt beam reactions;
— skidway friction, at rest and moving;

— anti-self launch plates;

minimization of can factanina ta cimanlifvy laiinech Arasadiirac:
o0 SteTHTHgtoO-— Oy oo pProceaures;

— | method of initiating launch;
— | contingencies for failure modes;
— | weather restrictions;

— | boarding of launch barge during operation.

17.5.3 Preparations at fabrication yard

Actilities for consideration at the fabrication yard shall be

— |installation of pre-installed handling and positioning lin€s;
— | pre-installation of installation aids;

— |fastening of pre-installed rigging, handling--and positioning lines, etc., so that it can withstand
transportation and launch actions;

— | commissioning of operational systems.and equipment;

— | checking of launch barge systems;

— | provision of temporary access for installation activities;

— | verification that opgrational systems and closures are in the proper condition/orientation;
— |leak testing of allintact compartments and closure devices;

— | provision of ‘positive pressure in all intact compartments.

17.5.4 /Operational control parameters

The following parameters shall be considered, monitored and controlled during operations:
— position of barge and tugs in attendance;

— launch direction relative to the wind and current directions;

— environmental conditions;

— draught, heel, trim and stability of the launched object.

Prior to initiation of the jacking operations that lead to free sliding of the object being launched, draught, trim,
ballast and stability of the launch barge are adjusted and set.
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17.6 Float-off

17.6.1 General
For the float-off of an object from a transport barge or vessel, the transport barge or vessel shall be ballasted

so that the object can be floated off. The transport barge or vessel can be level or inclined in this operation,
the latter tending towards a launch, but controlled to avoid dynamic effects.

17.6.2 Operational aspects

Aspects forfconsideratiormrduring ptanmmingard-desigm stattinctode;, asappropriate;

— stability, strength and hydrodynamic characteristics of the float-off barge or vessel and the object bging
floated|off;

— ranges|of both weight and CoG position;

— water depth at offload site;

— barge graught and submergence required for float-off;

— object/barge or object/vessel interaction during float-off, including friction/forces;
— structufe floating stability, including damage cases;

— releasq and recovery of sea fastening;

— position control of object and barge or vessel throughout;

— contindencies for failure modes.

17.6.3 Preparations at the fabrication yard

Activities fof consideration at the fabrication yard shall include, as appropriate,
— installation and checking of riggifg;

— installation of pre-installed.handling and positioning lines;

— fastening of pre-installed rigging, handling and positioning lines, etc., so that they can withstand
transpgrtation and{aunch actions;

— commigsioning-of float-off systems and equipment;

— checking©f float-off barge systems.

17.6.4 Operational control parameters

The following parameters shall be considered, monitored and controlled during operations:
— barge trim and draught;

— barge ballast and stability parameters;

— all intact compartments, for example by means of air pressure;

— position of barge and tugs in attendance;
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orientation in relation to wind and current directions;
environmental conditions;

draught, heel, trim and stability of the offloaded object.

17.7 Upending

17.7.1 General

-6:2009(E)

Ups

17.7

Aspi

nding ot a horizontally tloating object to the vertical can be carried out in a number of ways, su
no intervention during upending, in a self-upend, after initiation of gravity flooding;

with intervention during upending, by controlled gravity flooding, or by pumped floeding, or a
of both;

with intervention during upending, by crane assisted control alone or-in ‘combination wit
gravity flooding.

.2 Operational aspects
ects for consideration during planning and design shall include, as appropriate,

stability (see also 9.9.3), strength and hydrodynamic characteristics of the upended object thr
operation;

water depth at upending location;

bottom clearance during the upending;

clearance from underwater objects and mooring lines of other vessels;
provision of accessible controksystems for flooding;

system operation during allstages of upending;

safe access to work‘loeations;

provision of accessible fill lines for external ballasting system;

failure modes and effect analysis (damaged tank scenarios);

compartmentation and contingencies.

17.1

th as

combination

n controlled

bughout the

~3—Preparations at the fabricatiom yardfofftoad-focation

Preparations should be considered at the fabrication yard and offload location for the commissioning and
checking of operational systems and equipment.

17.7.4 Operational control parameters

The

following parameters shall be considered, monitored and controlled during operations:
draught, heel, trim and stability of the upended object;

sea floor clearance;
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ng rate;

ballasted weight;
mode of operational valves;
crane hook load;

environmental conditions;

provisi

17.8 Ballg

Ballasting g
should be ¢

Operation @

Ballast ope
should part

The design
17.9 Liftir

17.9.1 Gen
Lifting and

numerous 1
systems sh

For detaileg
17.9.2 Ope
17.9.2.1

interac
during

structu

aftho tnandad ohioect tac and command vyaccal in Aattandanca:
of-the-upended-ebjest—tugs-and-command-vresseHn-attendance;

bn of a tug control line or lines to mitigate lack of stability, if appropriate.

sting

r deballasting of a barge or vessel is part of a marine operation and, as such, detailed proced

stablished and implemented.

f ballast systems should be considered during HAZID or similar sessions; see 5.4.2.

ators, in addition to operational managers and personnel vital to.the performance of the opera
Cipate in such sessions.

issues for ballasting, deballasting and addition of heavycballast are dealt with in Clause 10.

)g and lowering by external means

eral

owering operations are generally carried-out by derrick barge cranes, but can also be achieve

ypes of equipment using specially\rigged rotary, traction and linear winch systems. The li
buld conform to accepted classification standards.

information on lifting operations, see Clause 18.
rational aspects
Aspects for consideration during planning and design shall include, as appropriate,

ion betweeithe lift vessel, crane(s), lift rigging, structure being lifted and transport barge or ve
he lift, uatilthe structure being lifted is free of the barge or vessel;

re weight and CoG and sensitivity to variations in these parameters;

ures

ion,

H by
ting

ssel

lift riggi

dynamic actions if the structure passes through the wave zone;

hook load and lowering system capacity;

ng specification, testing and design; see Clause 18;

positioning;

induced by the lay of wire ropes.

104

added mass effects and dynamics of the lowering system, in the case of lowering an item to the sea floor;

provision of anti-twist systems or suitable arrangements to overcome problems due to the natural rotation
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detailed operational aspects, see Clause 18.

17.9.2.2 Twisting of hoist wire depends on

geometry of reeving (spacing between individual falls);
construction of wire rope;

length of wire rope;

lenath of susnended reeving
~J T ~J

-6:2009(E)

17.9

slin
that

17.9

The

17.

17.1

Flod
stal

For

.3 Fabrication yard

Rigiing and equipment for lifting shall be prefitted. Equipment shall be protected against dama

s when tightening the system for lifting. The slings should be protected against(sharp edges
can cause damage to the slings.

.4 Operational control parameters

following parameters shall be considered, monitored and controlled-during lifting and lowering:
hook load;

hook lowering speed;

environmental conditions;

position of the lifted object, crane and transportation barge or vessel, as appropriate;

barge or vessel and structure clearances;

access for connecting rigging to hook, and egress;

procedure for removal of rigging from structure lift points, above water and under water.
10 Lowering by ballasting

0.1 General

ting objects\that are lowered in a controlled way by ballasting should project through the water
ility shallbe positive throughout.

objects that are fully submerged during installation, special lowering and control procedur

dev

je from the
and corners

plane; their

es shall be

ploped.

17.10.2 Operational aspects

Asp

ects to be considered during planning and design shall include, as appropriate,

provision of a gravity and/or pumped ballast system that allows the operation to be complete
specified weather window;

performance of failure modes and effects analysis;

monitoring of stability throughout lowering, including an assessment of whether inclining the
maintain positive stability is necessary;
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— provision of contingency deballasting methods if required,;

— determination of heavy ballast requirements for stability of the floating structure and provision of an
additional ballast system, if required;

— consideration of the change in water density with depth;

— consideration of compression of structure and resulting decrease of volume with depth.

17.10.3 Operational control parameters

The followinjg parameters shall be considered, monitored and controlled during the operation:
— positiof and orientation;

— wind and current directions;

— stability;
— Dballastipng rate;

— ballastweight;

— mode gnd status of operational valves;

— layout ¢f tugger lines and winches where these are required t0;bring the object into position.
17.11 Pregcise positioning on the sea floor by active and passive means

17.11.1 General
For precise|positioning of objects on the sea fleot\(close to existing structures), active positioning means, guch

as winches|or tugs used as winch stations, can’be used in combination with passive positioning means, guch
as docking piles and bumpers.

17.11.2 Qperational aspects

Aspects for|consideration during-planning and design shall include, as appropriate,

— water depth;

— means|of positiohing and control to maintain the object within the required vertical boundaries;

— limitingl environmental conditions for lowering, positioning and setting down of the object;

— achievable lowering rate of the object;

— dynamic behaviour of the object during lowering, positioning and setting down;

— structural and geotechnical design of docking pile(s) and bumpers, where appropriate;

— operational and accidental actions on docking pile(s) and bumper(s), where appropriate;

— applicable procedure for touchdown, e. g. using a small inclination to aid precise positioning of the object;

— on-bottom stability of the object at set-down and prior to fixing it in place, e. g. using a large inclination at
the initiation of set-down to maintain stability of the object during the final lowering period.
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17.11.3 Operational control parameters

The following parameters shall be considered, monitored and controlled during precise positioning and setting
down:

— environmental conditions, during the operation and as forecast;
— position and orientation of the lowered object and the existing structure, including their relative position;

— wind and current directions;

— |forces in lines;

— |dynamic behaviour of the lowered object.
17.12 SKkirt penetration

17.12.1 General
For|general information and design issues of skirts, see ISO 19901-4, 1SO19902[29] and ISO 1990835,
17.12.2 Gravity penetration

Grayity penetration is achieved by adding weight to the structure by ballasting, while simultaneougly allowing
water from skirt compartments to discharge into the sea.

17.12.3 Suction penetration

Suction penetration is achieved by creating an “underpressure in the skirt compartments to |generate a
downward action.

17.12.4 Operational aspects

Aspects for consideration during planning and design shall include, as appropriate,
— |limiting environmental conditions;

— |soil conditions;

— | skirt configuration;

— | skirt waterevacuation system;

— | predicted skirt penetration resistance;

— water ballast system;

— limitations to differential water pressure between skirt compartments and ambient sea;
— limitations to differential water pressure between ballast compartments and ambient sea;
— limitations to environmental conditions during the operation;

— tolerances on structure verticality and skirt penetration depth for the as-installed structure.
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17.12.5 Operational control parameters

The following parameters shall be considered, monitored and controlled during skirt penetration:
— environmental conditions, during the operation and as forecast;

— skirt penetration depth, by paint marks or similar;

— inclination of the structure;

17.13.1

The voids within the skirt compartments between the base of a gravity<structure and the sea floor|are
commonly fjlled with grout to improve the structure’s foundation capacity:

17.13.2 QOperational aspects

Aspects for|consideration during planning and design shall include, as appropriate,

— limiting| environmental conditions;

— grout property specifications: fluidity and flow,"hardening, strength, durability, density of mix;

— skirt cgmpartment configuration and theoretical volumes;

— operatipnal schedule;

— compaftment grouting sequence for optimal improvement of the structure’s foundation capacity;
— supply [logistics of grout.material;

— capacify of grout mixing plant and grout distribution system;

— potential of undesired grout dilution in skirt compartments;

— acceptanee criteria for grouting operations:

— structural and geotechnical grout pressure limitations.

17.13.3 Preparations

Activities carried out prior to the start of operations include
— commissioning and calibration of the grout mixing plant;
— testing of the pumpability of the grout mix;

— checking of grout distribution lines.
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17.13.4 Operational control parameters

The following parameters shall be considered, monitored and controlled during underbase grouting
operations:

— environmental conditions, during the operation and as forecast;
— grouting sequence versus actual and forecast environmental conditions;

— quality of grout mix;

— | grout injection rate and accumulated volume in each skirt compartment;
— | blockage of grouting lines;

— | grout returns at skirt compartment outlets;

— | hydraulic pressures in skirt compartments;

— | hydraulic piping in soil around skirts;

— |acceptance criteria for grouting operations;

— |[final heading, position and verticality of the structure and penetration depth of skirts.
17.14 Piling

17.14.1 General

Guiflance is provided in 17.14 on the installation of piles securing structures to the seabed. For thg installation
of ahchor piles, see 16.6.

Ste¢l structures are generally secured)to the seabed by open-ended tubular steel piles that are welded,
grolyited or swaged to the structure.-The design of piles, including their connections to the stfucture, the
reqired pile penetrations and thesmethod of installing piles to their design penetrations, are strongly affected
by doil conditions, by environmental conditions and by available equipment; see 1ISO 199021291,

Pileg are normally loweredffom above the water to the sea floor by stabbing them through a leg, of by guiding

them through an arrangement of pile guides to control their position and orientation (either vertical pr inclined).
Thereafter, their deSign penetrations are achieved by driving, vibrating, drilling or combinations thefeof.

17.14.2 Operational aspects

Aspects far consideration during planning and design shall include, as appropriate,

— soll conditions;

— limiting environmental conditions for each pile installation stage in view of the foundation capacity of the
structure;

— metocean criteria and limitations;
— configuration, dimensions and weights of piles;
— sequence of pile stabbing, sequence of pile installation to penetration and associated time scales;

— lifting equipment for piles;
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— free head for handling of piles and piling equipment;

— guiding system for the lowering of the piles;

— pile sway due to waves and current;

— welding equipment requirements for welding pile sections together and for securing piles to the structure,
if applicable;

— interactions of equipment used for piling with the pile and the soil;

— equipment specifications for driving or vibrating piles for penetration, for drilling oversize holes(in| the

seabe

applicgple;
— contingency measures in the event of inadequate or excessive penetration rates;

— penetrations due to self-weight of the pile without and with the pile driving hammer'stabbed on top of

pile;
— stresse
— design
— resista
— method
— specifig
— equipni
— sequer

— equipni

17.14.3 Operational control parameters

The followir
— enviror
— pile po

— pile sw

in which piles are lowered, or for drilling or jetting out soil plugs from within thecpiles| as

—

he

s during driving, including P-delta effects, if applicable;
penetration, allowable excess or shortage of design penetration,)and refusal criteria;
nce to sliding or overturning of the structure in unpiled coendition;
of securing piles to the structure (welding, swagingor grouting);
ation for grout material;
ent specification for grouting piles in-situ and/or to the structure;
ce of grouting;

ent specification for swagingpiles to the structure, if applicable.

g parameters shall-bé considered, monitored and controlled during piling:
mental conditions, during the operation and as forecast;
Sition andverticality, if required;

AY:

— pile penetration versus blow counts;

— performance of pile equipment;

— pile installation sequence and modifications thereof to suit actual and forecast environmental conditions;

— require

d time to reach a secure position versus available weather window;

— final heading, position and verticality of the structure, and pile penetrations achieved.
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17.15 Attachment to pre-laid mooring system

17.15.1 General

Pre-laid mooring systems can be used with various types of floating structures, such as FPSOs, FPSs, FPSSs,
and DDFs, whether or not designed as weathervaning.

17.15.2 Operational aspects

Aspects for consideration during planning and design shall include, as appropriate,

— | survey of the pre-laid mooring system immediately prior to hook-up;

— |recovery of attachment points to the pre-laid mooring system;

— |temporary and/or permanent connections along the mooring lines;

— |access to messenger lines (wires and chains), and their storage on drums or'in lockers;
— |failure modes and effects analysis;

— |tugs and stationkeeping configuration;

— | stationkeeping tolerances;

— |direct tension measurement system with adequate accuracy (as opposed to indirg¢ct tension
measurement through hydraulic pressure, etc.);

— |management of twist in lines during installation, including procedure to remove twist in[a practical
manner;

— | presence of other marine vessels and-equipment;

— | requirements for temporary pawer and control capabilities on the floating structure being conngcted to the
pre-laid mooring system;

— | components of the pre=laid mooring system used during attachment of the floating structure;
— |interface of pre-laid'mooring system with other marine operations;

— | minimum number of mooring lines required to make the floating structure safe against a storm
— | conngettion sequence to the pre-laid mooring system, taking account of forecast environmental conditions;

— | spares, repair kits and contingency plans for connection, as applicable.

17.15.3 Preparation at the fabrication yard

Activities for consideration at the fabrication yard shall include

— pre-fitting of forerunners, messenger lines and temporary structures assisting the attachment;
— installing back-up systems for critical handling and holding systems;

— checking, testing and commissioning of equipment.
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17.15.4 Operational control parameters

The following parameters shall be considered, monitored and controlled during the connection operation:
— environmental conditions, during the operation and as forecast;

— speed of paying out or retracting wires and chain;

— handling time to make connections;

— positionofthe flnafing structure;

— tensior] in attached mooring lines;

— post-ingtallation inspection.
17.16 Cohnection to a tendon system

17.16.1 General

TLPs are cpmmonly attached to the seabed using a tendon system. TLP tendons are either pre-installed as
described in Clause 16 or assembled on-site by lowering and connecting tendon segments.

17.16.2 QOperational aspects

Aspects for|consideration during planning and design shall include’as appropriate,

— towingfand positioning of the marine spread assembled for the connection of the TLP, as applicable;
— transfef of the TLP from towing mode to stationkeeping mode;

— equipment for handling and joining segmented tendons;

— equipmnjent for handling and lowering tendon segments;

— protectjon of unconnected tendons;

— protectjon of tendons duringlnstallation;

— make-yp method forthe‘connection of tendon segments and possible handling restrictions;

— make-yp method\for connecting tendons to the foundation and to the hull of the TLP;

— downflpading'points on or inside the TLP hull;

— stability and positioning of the TLP during the connection of the tendons;

— stationkeeping method and associated tolerances;

— tendon tensioning equipment, including jacking and ballasting/deballasting systems;
— duration of tendon connection operations versus available weather window;

— number of tendon connections required to make the structure safe against a storm.
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17.16.3 Preparation at the fabrication yard

Actions for consideration at the fabrication yard shall include

prefitting towlines and positioning lines;

checking, testing and commissioning of equipment.

17.16.4 Operational control parameters

The
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environmental conditions, during the operation and as forecast;
handling time to make tendon connections;

position of the TLP being connected;

tension in connected tendons;

post-installation inspection.
17 Offshore completion

7.1 General

hpletion of the installation of GBSs can require the-addition of heavy ballast to internal and
partments, as well as the application of anti-sceur measures around the base.

bn the installation of the support structure(has been finalized, topsides can be installed; see
18.

7.2 ROV inspection

r completion of the installation; an ROV survey shall be carried out according to an agreed pl
bossible damage and debris. To facilitate the survey, the structures are generally suitably
rence purposes prior t0 the installation.

following items, wherever applicable, shall be inspected and checked for damage:

paint coatings;

anodes;

or external

Clauses 15

an to check
marked for

grout outside skirts (for GBSs);

risers and other pipework;
temporary, decommissioned underwater systems;

scouring of the top soil layers.

17.17.3 Removal of temporary equipment

Temporary equipment shall be removed in accordance with plans agreed to as part of the
planning and design phase.
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17.17.4 Anti-scour for GBSs

Depending on the geometry of the base and local current conditions, the foundations of GBSs can require the
application of anti-scour measures, such as graded rock, gravel and/or mattresses.

17.17.5 Heavy ballasting offshore

If it is required to add heavy ballast offshore, solid ballast can be pumped dry or as a slurry into internal tanks,

or it can be piped or dumped in a controlled manner into external open tanks.

1718 Inb a“atiun Illdlludi

Before the ptart of the installation, an installation manual and supporting documentation should be\prepared
for the opefation and should be issued for information and approval, as appropriate. ltems included in| the
installation manual and supporting documents, in addition to those in 6.5.2, are listed in Clause A.5.

18 Lifting operations

18.1 Introduction

Clause 18
inshore an(
ships and {
form part of

Additional information on lifting operations can be found in 1SO*49902:2007[2°], Clauses 8 and 22.

Lift points
hook(s) are

Lift poi

1)

a)

hives requirements and guidance for the design and execution of lifting operations (onsh

offshore). It covers lifting operations by floating crane veésséls, including crane barges, ¢
emi-submersible crane vessels. Onshore lifts by land-based cranes are also included when
a marine operation such as a loadout.

bn the object being lifted and lifting equipment (rigging) between the lift point(s) and the c
critically important components in all liftingoperations.

hts can be of various types, including-the following:

deyes (3.63), where a shacklein-passes through a hole in a padeye plate attached to or built

ch

undue slack between the-shackle and the padeye, thereby reducing eccentricity between the pad

plg

tr
wi

the

pa
b)
1) Sli

i)

i)

114

Lifting &

¢ structure, while the sling is~-connected to the shackle; the padeye plate is normally reinforce
ek plates to increase its strength and provided with non-load bearing spacer plates to a

te and the sling;
nnions (3.97), where a sling, or an eye of a sling, or a grommet passes around a short tub

ich transfers‘the forces into the structure and which allows rotation of the sling around the ax
trunnion;

dears\(3.62), which are similar to trunnions, but in which rotation of the sling is not intended.

ore,
ane
hey

ane

into
1 by
void
eye

ilar,
s of

ngs, which can be divided into three types:
steel slings, which are either

steel wire rope slings (SWRS) (3.90) of single wire rope construction, or

steel cable-laid slings (SCLS) (3.87) of cable-laid construction;

fibre rope slings (FRS) (3.32) of various types of construction;
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2) Grommets, which can be divided into
i) steel wire rope grommets (SWRG) (3.89), which are always of cable-laid construction;
i) fibre rope grommets (FRG) (3.31), the construction of which can vary;

3) Shackles;

4) Spreader bars and spreader frames (3.85).

Where appropriate, the particular type of sling or grommet is indicated by the abbreviated designation shown

aboye.

To ensure the safety of lifting operations, it is necessary that the actions and resistances be-detg
compared by a structured and coherent procedure. Two methods can be used for design-verificati
factpr design (PFD) method and a working stress design (WSD) method. The basic ptidciple in bg
is the same and simple: the action effects resulting from the applied actions shall be-smaller, by 3

ma

in, than the resistances (strengths) of lift points and lifting equipment. HoweVveér, the two meth

details and in terminology used.

Bot
star
ope

Acti
acc

In &
ope

In a
stre
stre
spe

18.

Ing
exc
the

stru

In s
may
spe

methods are allowed. The PFD method is the method underlying” the entire ISO 1990
rations, the WSD method is the one most commonly applied in practice.

bns and action effects are discussed in 18.3; resistances (strengths) are discussed in 18.4. De
brding to the PFD and WSD methods are specified in 18:5.

rational considerations for lifting operations are given in 18.6 to 18.12.

PFD method, the PFD design actions and-action effects shall not exceed the corresponding
hgths. In a WSD method, the WSD desighn actions and action effects shall not exceed the |
hgths (in WSD methods, also referred {0 as allowable values or as working load limits, WLL
Cific safety factors.

P Rigging geometry

eneral, the rigging geometry shall be configured such that the maximum tilt of the lifted structu
bed 2°. The tangentcof-the tilt angle is equal to the ratio of the horizontal distance between th
CoG of the liftedstructure in plan and the vertical distance between the hook and the CoG
Cture.

pecial circumstances, e.g. for lifted flare booms, flare towers and cantilevered modules, the
exceed:2° to permit the effective use of installation aids. Such lifted structures shall be 1
Cial cases.

rmined and
bn: a partial
th methods
n adequate
pds differ in

0 series of

dards for offshore structures and is also the preferred method for lifting operations. However, for lifting

s5ign checks

ddition to the design checks for strength, recommendations and guidance on certain design aspects and

PFD design
VSD design
divided by

re does not
e hook and
of the lifted

angle of tilt
eviewed as

18.37Actions and action effects

18.3.1 General

In accordance with common terminology in the field of reliability of structures that is used throughout the
ISO 19900 series of standards, basic variables (3.8) are assigned nominal (3.57), representative (3.67) and
design values (3.24).

The representative actions (loads) on the crane hook, and the representative action effects (forces) in the
slings and on the lift points are determined in accordance with 18.3.2 to 18.3.7. Design values of actions and
action effects are given in 18.3.8.
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The forces on a lift point are governed by the lift weight, 17},,, while the forces in slings and the load on

the

crane are governed by the hook load, F},; the difference between these two being the weight of the rigging,
W between lift point(s) and crane hook. Both lift weight and hook load are subject to dynamic amplification
resulting from movements of the lifted object and/or the crane. Therefore, a distinction should be made
between “static” and “dynamic” lift weights, and between “static” and “dynamic” hook loads. The lift weight,

W in this part of ISO 19901 is the “dynamic” lift weight in accordance with 3.46. Further, in accordance

with

common terminology in the ISO 19900 series of standards, 1), is, henceforth, referred to as the nominal lift
weight. Analogously, in accordance with 3.42, the hook load, F},, in this part of ISO 19901 is the “dynamic”

hook load, and F},, is, henceforth, referred to as the nominal hook load.

The representative values of actions and action effects are derived from the statically distributed nominal

actions or [action effects, multiplied by a variety of factors that account for uncertainties in geom
in the position of the centre of gravity, contingencies and other circumstances. These factorg
identically gpplied in PFD and WSD methods. Consequence factors (3.15) are an exception to thisyrule. T
are part of the WSD method and are used on the resistance (strength) side of design checks for the |
object to selectively enhance the safety margin for critical structural components; they are not applied to sl
grommets gnd shackles. In the PFD method, the resistance (strength) side of design checks.\is not altered
the conseqlence factors are, instead, applied as partial action factors; see also the discussion on wor
load limits (WLL) in 18.4.1 and on structural analysis by the WSD method in 18.5.4.3,

In a PFD mithod, the representative values of actions are multiplied by partial action factors in order to ol
design valyes of actions and action effects. In a WSD method, the representative actions serve directl
design actigns without factoring them. Design values of actions and action €ffects for both methods are g
in 18.3.8.

18.3.2 Weight contingency factors
18.3.2.1 | For the weight contingency factors, reference is made to Clause 8 and to ISO 19901-5[28],

18.3.2.2 For class A weight control (see 8.3), weight.eontingency factors shall be applied to the follo
weights.

a) Calculated weight: For a 50/50 weight estimate (3.107) derived in accordance with ISO 19901-5[2
weight [contingency factor, k,,.;, of not less than 1,05 shall be applied. The extreme CoG envelope (w
applicable) shall be used.

cf’

b) Weigh¢d weight: A weight contingency factor, £, of not less than 1,03 shall be applied to the
weighdd weight. This value may‘be reduced if a certificate is produced from a competent body stating
the spgcific case in questiop, \that the weighing accuracy is better than 3 %.

The gross Weight (3.40) is the-calculated or weighed weight including the weight contingency factors give
a) or b) above. The gross”weight, W, is determined from Equation (8) using the calculated weight
ks = 1,05] or from Equation (9) using the weighed weight and, generally, k- > 1,03:

w kwcf % ch

etry,
are
hey
fted
ngs,
and
King

tain
as
ven

ving

3], a
nere

final
, for

nin
and

(8)

W E ket X Wons,

©)

where
kyes  is the weight contingency factor;
Wsw i the calculated weight;

Waw 18 the weighed weight.
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The gross weight from Equation (8) or Equation (9) is the static weight at rest of the object being lifted.
However, the lift weight (3.46) experienced by the crane during lifting is larger as a result of dynamic effects
caused by movements of the lifted object and/or the crane; this is accounted for by multiplying the gross
weight by a dynamic amplification factor, DAF (3.29), denoted by kp.

DAF values differ with circumstances and apply to lifts made in air. DAF values for lifts made by a single crane

on g-vesselare-giverin48332Ferliftsmade-simultancoushy-bytwo-cranes-enthesamevessel the values
givgn in 18.3.3.2 may be used as a guide, but they should be increased by an operation-spetific factor, if
appfopriate. DAF values for lifts made by more than one crane, with each crane on a sepatate|vessel, are
disqussed in 18.3.3.3.
If apy part of the lifting operation includes lifting or lowering through water, including passing through the
splgsh zone, analyses shall be submitted according to one of two methods, which-éither
— |show how the total in-water lifting actions are derived, taking into account weight, buoyancy, entrained
mass, boom-tip velocities and accelerations, hydrodynamic inertia and-drag actions; or
— | calculate the dynamic sling forces and hook loads to document ‘that slack slings do not occur in sea
states that do not exceed sea state limitations for the offshore{operation to be performed.
18.3.3.2 For lifts by a single crane on a vessel
For|offshore lifts with one crane a DAF shall be appliedto account for the dynamic effects of the ¢rane taking
up the weight, and for movements of the crane or.the lifted object during lifting. Unless operation-specific
caldulations show otherwise, the nominal lift weight, #},,, (3.46) shall be derived using Equation|(10) with a
dynamic amplification factor, kpaf, from Table A5:
Wiw = kpar X W (10)
whgre W is the gross weight.
Table 15 — DAF for a single crane on a vessel [42]
: k in air
Mass of lifted-object? Gross ;Vvelght, DAF
onshore®
tonnes offshore inshore
kN . .
moving static
< 100 W < 1000 1,30 1,15 1,15 1,00
from 100 to 1 000 1000 < W < 10 000 1,20 1,10 1,10 1,00
from 1 000 to 2 500 10 000 < W < 25 000 1,15 1,05 1,05 1,00
from 2 500 25000 < W 1,10 1,05 1,05 1,00
@  This column is included to facilitate the comparison with weight reporting.
b Lifts by land-based cranes involved with marine operations such as loadouts.
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For onshore lifts, where the crane can move horizontally, the “moving” column in Table 15 shall apply. The
“static” column shall apply only if there is no crane movement other than luffing and slewing. The definitions of
the movement of a crane with a suspended load are as follows.

a) “Moving” is horizontal translation of the whole crane, by crawling or other means, without luffing and
slewing.

b) “Luffing” is raising the crane boom up and down, without moving and slewing.

c) “Slewing” is rotating the crane on the turntable, without moving and luffing.

18.3.3.3 For lifts by cranes on two or more vessels
Unless opgration-specific calculations show otherwise, for offshore lifts by cranes on two or more sinilar
vessels, the kpar in Table 15 shall be multiplied by a further factor of 1,1. If the crane vessels aré.not sirpilar
and have different natural periods, operation-specific calculations should be carried out.

For inshorg lifts by cranes on two or more vessels in totally sheltered waters, the factors’in Table 15 shall
apply with rfo further multiplier for the multiple vessel condition.

For onshorg lifts by two or more cranes, the kpap factors in Table 15 shall apply\with no further factor for the
multiple crahe conditions.

18.3.4 Representative hook load

18.3.4.1 Hor one-hook lifts by a single crane
The forces [on a lift point of the lifted object are governed by the' lift weight, 17,,, given by Equation (10) with
the dynamit amplification factor, kpaf, given in 18.3.3. However, forces in slings and the total load on| the
crane are gpverned by the nominal hook load, F},, (3.42) given by Equation (11):

Fpi = Mw + kpar X Wry 11)

where

W, iB the nominal lift weight;

W,

w iB the rigging weight (see 3:72).
The riggind weight, W,,, includés all items between the lift points and the crane hook, including slings,
grommets, shackles and spreaders, as well as a contingency as appropriate.

For one-hopk lifts by-a\single crane, the representative hook load, Fy,, is equal to the above nominal hook
load as given in Equation (11):
F,

Y

hi = Hni 12)

18.3.4.2 For two-hook lifts by two cranes

For a two-hook lift, the nominal hook load, Fy,, from Equation (11) represents the total hook load on the two
cranes together. The nominal load on each crane hook is found by distributing the total F}, statically between
the two hooks, based on the location of the CoG of the lifted object with associated rigging between the hooks.
The statically resolved nominal hook load on each hook is denoted by Fg, ;, with i equal to 1 or 2, indicating
the number of the crane hook.

Lifts by two hooks can be performed with two cranes on the same vessel and with two cranes on two vessels
(one crane per vessel), in offshore, inshore and onshore conditions. The hooks can be from either revolving or
from sheer-leg cranes. In all these situations, a CoG shift factor, k¢, and a tilt factor, &, shall be applied to the
resolved hook loads Fgy ;.
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The two-hook lift factors kg and k; account for uncertainty in the position of the CoG of the lifted object, for
possible uneven heights of the crane hooks and/or for uneven hoisting speeds.

The representative hook load on crane hook i for a two-hook lift, Fy, ;, for i equal to 1 or 2, is given by
Equation (13):

Frni,i = kst X kig X Forny ; (13)
where
Form+—Is the nominal hook load, £y, from Equation (11), statically resolved between crane hooks 1 and
2;
ks is the CoG shift factor, the value of which reflects the uncertainty in the position of thg CoG when
statically distributing the total hook load between the two hooks, and should(be‘set eqpal to 1,03;
ki is the tilt factor, the value of which reflects the effect of uneven heightsyof'the crane hpoks and/or

uneven hoisting speeds when statically distributing the total hook,lead between the|two hooks,
and should be set equal to 1,03.

18.3.5 Representative lift weight per lift point

18.3.5.1 One-hook lifts

For|a one-hook lift, the nominal lift weight, 1}, is given by:Equation (10). The distribution betWeen the lift
poirjts is obtained by statically distributing 7, between theift points to which the hook is confected. The
resylt is denoted by Wy, ; where j=1, 2, ..., indicates’the number of the lift point. The larggst statically
resglved lift weight per lift point is max (W, ;)-

The static distribution of the lift weight takes into account only the geometry of the lifting arrangenjent and the
position of the CoG of the lifted object. To aceount for uncertainty in the position of the CoG, a [CoG factor,
kcog, shall be applied. Where the allowable €0G position is specified as a cruciform, or another geometric
shape, the most conservative CoG position within the allowable area shall be taken and kg g = 1,0. If no CoG
envelope is used a factor of kg, = 1,02 shall be applied.

For|one-hook lifts made by a single' crane, the representative lift weight on all lift points for one-look lifts by
one{crane, (Wyw)one crane: Shall'\be taken in accordance with Equation (14):

(Wiwone crane = kcog XMax( WerwJ) (14)
whgre
kcog is the CoG factor, the value of which reflects the uncertainty in the position(of the CoG

when statically distributing the lift weight between the lift points;
max(Wg is the largest value for all j of the statically resolved lift weight, Wy, ;, acting on lift

rlw,j) )
point ;.

18.3.5.2 Two-hook lifts

For a two-hook lift by two cranes, the statically resolved lift weight on crane hook i, Wy, ;, for i equal to 1 or 2,

can be derived from the equivalent of Equation (11), applied in reverse to the hook load and rigging weight on
crane hook i, as given in Equation (15):

Wsrw,i = Frenl,i ~ kDAF X Wrwi (15)
where
F;  is the representative hook load on hook i from Equation (13);
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W,

w,i Is the rigging weight associated with crane hook i;

kpap  is the dynamic amplification factor from 18.3.3, including the multiplier from 18.3.3.3 where
applicable.
Wenw,i 1S next distributed between the lift points, j, to which crane hook i is connected. The largest statically
resolved lift weight for crane hook i and lift point / is max (W, ; ;)-

In addition to the uncertainties described in 18.3.5.1, for a two-hook lift, yawing of the lifted object can also
occur, causing an increase in individual lift point actions. To account for this effect, the statically resolved lift
weight per lift point shall further be multiplied by a yaw factor, &, ...

For a two-hook lift by two cranes, with two slings to each hook, the representative lift weight for all Jift_pojnts,

(Wiwhwo crahes: Shall, therefore, be taken in accordance with Equation (16):

(erw)tv o cranes — kCoG x kyaw x max( Wsrlw,i,j) (16)
where
k, is the yaw factor, the value of which reflects the effect of yawing during lifting with[two

yaw
cranes when statically distributing the lift weight between the lift points, and should be

set equal to 1,05 for all lifts;

max(Wgnw,;;)  is the largest value, for all i and all j, of the statiCally resolved lift weight, Wy, ; 1 for
crane hook i acting on lift point ;.

The value ¢f the yaw factor, k,,, may be reduced if other values can be shown to provide similar levels of
safety.

Yaw factorg for two-hook lifts with a rigging arrangement other than two slings to each hook require spgcial
consideration.

18.3.6 Representative forces on a lift point

18.3.6.1 Representative vertical force

The lift weight per lift point is a vertical force acting on the lift point. The representative value of the verical
force on a| lift point is equal to-the representative lift weight per lift point, W, from Equation (14)) or
Equation (1), as applicable -multiplied by a skew load factor, kg,. The skew load factor (3.78) reflects| the
unequal logdd sharing in an“indeterminate lift between slings that differ in length as a result of manufactyring
tolerances.

The representative vertical force on a lift point, P, is accordingly given by Equation (17) for one-hook lifts by
one crane gr by, Eguation (18) for two-hook lifts by two cranes:

Po.= < (T ) 17)

rvf SKI \UTIWZ0nNe Crane

Pry = kst X (Wriwtwo cranes (18)
The difference in length for a matched pair of slings shall not exceed 0,54, where d is the diameter of the sling;
see IMCA M179. The value of kg, also depends on whether or not a rigging arrangement contains elements
capable of redistributing unequal sling forces due to sling length deviations, e.g. floating spreader bars.

For statically indeterminate 4-sling lifts using two matched pairs of slings to minimize tilt of the lifted object, a
factor of kg, = 1,25 shall be applied to each diagonally opposite pair of lift points in turn, see Reference [42].

For statically determinate lifts, kg = 1,05 may be used, provided it can be demonstrated that the sling length
deviations do not significantly affect the force distribution in the lift system.
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For a lift system incorporating one or more floating spreader bars that act as a sling force equalizing system,
kg = 1,1 is applicable.

When combining new and re-used slings in one arrangement, a significantly higher value of kg, can be
applicable to account for differences in elasticity.

18.3.6.2 Representative force in line with the sling direction

The representative force on a lift point in line with the sling direction, Py, is given by Equation (19):

P
Frar = sirr;/;

where
P.s s the representative vertical force on a lift point from Equation (17) or Eguation (18);
0 is the angle between the sling and the horizontal plane; normally the ‘sling angle is reg

minimum of) 60°.
18.3.6.3 Representative lateral force
Wherever possible, the orientation of the lift point should be alighed with the direction of the sling

the
orie
late

Ins
Ins
dire
and

In o
lift g
be 4

lift point. However, due to tolerances some unintentional and unknown misalignment b,
htation of the lift point and the direction of the sling cancexist, which shall be accounted for by
ral force factor, k.

bme cases, it is not possible to align the orientation of the lift point by design with the direction
Lich cases, there is an intentional and known_misalignment between the orientation of the lift p
ction of the sling. The calculated lateral force, Py, resulting from a known misalignment shall b
applied to the lift point.

rder to account for both unknown and known misalignment, where present, between the orien
oint and the actual direction of the sling, the representative lateral force, Py, given by Equatig

pplied perpendicular to theift\point:

(19)

tricted to (a

attached to
etween the

applying a

of the sling.
bint and the
e calculated

ation of the
n (20) shall

Prig = ki X Prgs + Pyt (20)
whegre

kg  is theslateral force factor and should be set equal to 0,05;

P4 IS the representative force on a lift point in line with the sling direction given by Equation((19);

P3¢ is the calculated lateral force on a lift point due to known misalignment between the ofientation of

the lift point and the sling direction, where applicable.

The representative lateral force shall be assumed to act through the centre and along the axis of the pinhole in

the

padeye, or at the trunnion/padear geometric centre; see Reference [42].

In lift systems with one or more floating spreader bars or frames, k& shall be increased from 0,05 to 0,08 to
account for increased horizontal dynamics. However, in lift systems where the spreader bar is connected
directly to the lift points, k;; = 0,05 may be used.

The lateral force factor may be reduced if a lower value can be shown to provide similar levels of safety.
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18.3.7 Representative force for slings and grommets

The representative sling force, F,¢;, for a one-part sling and the representative force for a grommet, Frgt (the
two legs together) are given by Equation (21):
kpar X Ws
Fog = Fogp = Py + —20F S 21
rsf rgf rdf sing (21)

where

Fl"gf is-the. raprnennfofi\la grnmmnf force. (fnr 2 r\nmplnfu grnmmai’);

P4 1B the representative force on a lift point in line with the sling direction given by Equation (19);

kpag B the DAF in accordance with 18.3.3, including the multiplier from 18.3.3.3 where applicable;

Wy ip the weight of the sling or grommet;

o is the angle between the sling or grommet and the horizontal plane.
Where a two-part sling (a sling consisting of two parallel legs) or a grommet passes over, round or through a
shackle, trunnion, padear or crane hook, the representative sling force and the-representative grommet fgrce,
both from Bquation (21), shall be distributed between each part of the sling*or grommet in the ratio 45:55 to
account forf(frictional losses over the bending point. The representative sling force for each part of the two{part
sling, Fistolparts: @nd the representative force for one leg of the grommet, £,y 4, shall, hence, be takep in
accordancg with Equation (22):

Fisfo parts = L'rgf,1 = 0,55F g 22)
where F is the representative sling force from Equation<(21).

18.3.8 Deslign values of actions and action effects

If the PFD jmethod is used, design values of the actions and action effects are obtained by multiplying| the

representat|ve values specified in 18.3.4.10*18.3.7 by partial action factors as given in Equations (23) to (31):
(Fan)pgpD = s n¥Erhi 23)
(Fah,)pFD = % n¥Eepti 24)
(Fast)pkD = #F st 25)
(Fsf.2 parts) PFB= % <F st 2 parts 26)
(Fygf,1)PFD = %Frgt, 1 27)
(Fagf)PFD = % ¥Frgt (28)
(Pavi)PFD = % P<Prvt (29)
(Padr)PFD = % P<Prof (30)
(Pair)pFD = %,P<Prf (31)

where the subscript P represents one of three different subscripts depending on the element to which the

action or ac

tion effect is applied.

a) Prepresents “Ip” when applied to lift points and attachment of lift points to the structure.
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c) Prepresents “m” when applied to other structural members.

If the WSD method is used, the design values are equal to the unfactored representative values, as given in
Equations (32) to (40):

(Fahdwsp = Fip (32)

(Fahi,wsp = Fihli (33)

(Fashwsp = Fisf (34)

(Fdsf,2 parts)WSD = L'rsf,2 parts (35)

(Fagf,1\wsD = Frgi 1 (36)

(Faghwsp = Fygt (37)

(Pavilwsp = Pryf (38)

(Paardwsp = Pros (39)

(Paihwsp = Py (40)

whqgre

Fyni is the design hook load for a one-crang-lift,

Fyp i is the design hook load on hook i for'a two-hook lift;

%hi is the partial action factor for hook load;

Fyst is the design sling force for a one-part sling;

Fysf2parts 1S the design sling force for each part of a two-part sling;

Fygt 1 is the design.force for one leg of a grommet;

Fygf is the design grommet force (for a complete grommet);

%s is thepartial action factor for forces in slings, grommets and shackles;

Pyvs is the design vertical force on a lift point;

Pyt is the design force on a lift point in line with the sling direction;

Pgi is the design lateral force on a lift point;

%lp is the partial action factor for the forces on a lift point when designing the lift points
themselves and their attachment to the structure;

% mf is the partial action factor for the forces on a lift point when designing the structural members
directly supporting or framing into the lift points;

%#m is the partial action factor for the forces on a lift point when designing other structural

members.

Unless operation-specific calculations show otherwise, the partial factors given in Table 16 shall be applied.
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Table 16 — Partial action factors, %
For hook load %n=1.0
For design of slings, grommets and shackles %s=130
For design of lift points Hip= 1,30
For design of attachments of lift points to the structure Hip= 1,30
For design of members directly supporting or framing into the lift points Homf = 1,15
For design of other structural members %m= 100

18.4 Strengths of slings, grommets and shackles

18.4.1 Gen

For design

eral

verification, strengths (resistances) are assigned a representative value (3.67). If available
termination of a characteristic value (3.13) for strength, this is the preferred representative v3

nominal value (3.57) for strength serves as the representative value. dh design verification by
d, design values (3.24) for strength (resistance) are derived from the.corresponding representg
viding the latter by a partial resistance factor. In design verification)by the WSD method, de
strength are referred to as working load limits (see following); they are derived from
ng representative strength value by dividing this by a safety factor.

18.1, the WSD method is the method normally used for‘design verification of lifting operations,
with existing practice, a nhumber of terms that are_in) common use in practical applications
ollows and hereafter maintained in the discussion:

lue F,, is a specified value, expressed in kilonewtons, below which the measured brea
h of a rope, F,, is not allowed to fall in a prescribed breaking strength test;
893:2004145]. F . is normally (calculated in the manner described in 1SO 2408:2004
893:2004[45] and EN 12385-4:2002[441.

lated value is defined in 1ISQ.17893:2004[45] as a value obtained by calculation, based on givel
'ed values and on conyentional factors.

ted rope breaking.load:

culated rope breaking load, CRBL, is the calculated strength in force terms of a plain, straight
roduction, including the reduction in strength due to spinning losses during the manufacty
5. When.applied to a manufactured sling, CRBL refers to the calculated strength of the body of
xcluding"end terminations and losses associated with application of the sling. The calcul

h of<a plain straight rope and of the body of a sling are their respective representative strengths.
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Calculatedgrommet breaking foad:

A grommet is an endless sling with two legs. The calculated strength of each leg is given by the
calculated rope breaking load, CRBL, so that the calculated strength of the complete grommet, CGBL, is
two times the CRBL of a grommet’s leg. The CGBL, the calculated strength of a complete grommet in
force terms, is the representative strength of the body of a grommet, excluding losses associated with
application of the grommet.

d)

Calculated sling breaking load:

The calculated sling breaking load, CSBL, is the representative strength of a manufactured sling in force
terms, including the reduction in strength due to end terminations (expressed by the termination efficiency

factor).
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CSBL is often recorded on a sling certificate with its identification ferrule for a straight sling.
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e) Working load limit:

The working load limit, WLL, (3.106) is the maximum load for which a sling, grommet, shackle or lift point
is designed in accordance with the WSD method. The WLL is the design strength (also referred to
generally as the allowable value) for use in design verification by the WSD method. It is obtained by
dividing the representative strength by a safety factor, fge. The allowable strength value for structural

components in the lifted object can be further reduced by the application of a consequence factor (3.15).

The design strength in design verification by the PFD method is obtained analogously by dividing the
representative strength by a partial resistance factor, jz. Numerical values of the safety factor in WSD and the

partjal resistance factor in PFD are related by the relationship for = % X

For|[slings and grommets, calculated strengths are given in 18.4.2, representative strengths)in|18.4.5 and
des|gn strengths in 18.4.6. The strength of shackles is presented in 18.4.7.

NOTE An object being lifted can be specified by its weight, in force units (kilonewtons), or'by its mass, |[n mass units
(mefric tonnes); these differ by a factor of the acceleration of gravity, g: mass equals weight divided by g. Mass units
(mefric tonnes) are often used in lifting operations. Working load limits and design strengths in force units [kilonewtons)
are converted into masses by dividing by g.

18.4.2 Calculated strengths of the bodies of slings and grommets

18.4.2.1 Steel wire rope slings

Ste¢l wire rope slings, SWRS, are made from a single steelwire rope with various end terminations (3.90).
Thel minimum breaking strength, F,,;,, of a steel wire rope‘is the value specified by the manufacturer for the
particular type of rope, or the value obtained by calculation (see 18.4.1). For steel wire rope with a diameter
d <60 mm, the minimum breaking strength, F,;,, expressed in kilonewtons, is calculated from Efuation (41)
that|is given in 1ISO 2408:2004[431 SO 17893:200414%1"and EN 12385-4:2002[441:

d2 X Ry x K
Fminzw (41)

whegre
d is the nominal diameter/of the rope, expressed in millimetres;

R, is the rope grade-(tensile strength grade of the wires), expressed in newtons per square millimetre;,
EN 12385-4:2002[44] specifies that, for diameters up to 60 mm, the rope grade shall be 1|770 N/mm?2,
1960 N/mim2’ or 2 160 N/mmZ2, or an intermediate grade specified by the manufactufer, but not
exceeding2 160 N/mm?;

K is;anempirical factor for the minimum breaking strength for a given rope class and cqgre type; for
rope classes of 8x19 and 8x36 construction, both with a steel core, K = 0,346.

NOIE K — ﬂ"-IAR differs from 1SQ 2408:2004[43] \Alhﬂl"ﬂ’ forthese. rope. r‘anch’ avalue of ﬂ,'-l‘-'\R is gi\/an

For diameters from 60 mm to 264 mm, EN 12385-4:2002[44] states that the identification of a rope grade is no
longer applicable, but that the tensile strength grades of the wires shall be 1 770 N/mm2, 1 960 N/mm?2 or
2 160 N/mm?Z2, or a combination thereof. For steel wire rope with d > 60 mm, the minimum breaking strength,
Fyin» €Xpressed in kilonewtons, is calculated as given by Equation (42):

Froin=8,55d + 0,592 d? - 0,000 615 3 )

The value of F,;, that is specified by the manufacturer can be higher than that calculated from Equation (41)
or Equation (42). In such cases, the higher value provided by the manufacturer may be used, as long as it can
be properly documented.
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The calculated strength, CRBL, of the body of a steel wire rope sling, Fcg swrs: in force terms is equal to
Fin» @S given by Equation (43):

Fes, swrs = Fmin

18.4.2.2 Steel cable-laid slings

(43)

Steel cable-laid slings (SCLS) (3.87) are normally constructed from six stranded steel wire ropes, helically
wound around one straight core steel wire rope, and are provided with spliced eye end terminations.

Cable-laid sting
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nould be at least 12 % but not more than 25 % larger than the nominal diameter of the outer'ro

pf the body of a steel cable-laid sling, in force terms, Fog gci s, is given by Equation (44).

s =0,85x > Frin

is the sum of the minimum breaking strengths of the outer ropes and the core rope;
18.4.2.1;

is an empirical factor accounting for the additional spinning lesses in manufacturing a cable
sling from the separate wire ropes.

f Fcs scLs (CRBL) is normally directly taken from the manufacturer’s specification.

teel wire rope grommets

are always of cable-laid construction.Steel wire rope grommets (SWRG) (3.89) shall
and used in accordance with IMCA M\179. The locations of the butt and the tuck positions 5
Dy red paint.

pe of a steel wire rope grommeét is discontinuous at the butt and tuck positions and, for that reg
be shall be excluded in calculating the grommet’s calculated strength. The CRBL of one leg
pe grommet, Fcs swre, 1. il force terms, is given by Equation (45):

RG,1 = 0,85x6xF

is the accumulated minimum breaking strength of the six outer ropes of one leg of the grom
(see.184.2.1), excluding the core rope;

is”an empirical factor accounting for the additional spinning losses in manufacturing the cable

pes.

44)

see

laid

be
hall

son,
of a

45)

met

laid

grommet from the separate wire ropes.

The calculated strength (CGBL) of the complete steel wire rope grommet, Fog sywRrg, 2 in force terms, is given
by Equation (46):

Fcs.swra 2 = 2XFcs SWRG1

The value of Fog gwrg,2 is normally directly taken from the manufacturer’s specification.
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18.4.2.4 Fibre rope slings and fibre rope grommets

The CRBL of fibre rope slings (FRS) (3.32) with various types of construction and the CGBL of fibre rope
grommets (FRG) (3.31) shall be taken as the breaking strength given on the certificate based on rope tensile
destruction tests.

Analogous to 18.4.2.1 to 18.4.2.3, the CRBL of a fibre rope sling is denoted by #zg grs. The CRBL of one leg
of a fibre rope grommet is similarly denoted by Fg Frg 1, While the CGBL of the complete fibre rope grommet
is denoted by Fog Frg 2, the value of which is twice Fog pre 1. All values are in force terms.

18.4.3 Termination efficiency factor

18.4.3.1 Steel wire rope slings and steel cable-laid slings
Thel end termination is invariably the weakest point of steel wire rope slings (SWRS)“and steel cable-laid
slings (SCLS). The reduction in strength of the sling as a whole compared to (the' body of the sling is
accpunted for by applying a termination efficiency factor, ki, to the calculated strength (CRBL) frpm 18.4.2.1
and|18.4.2.2.
The termination efficiency factor, ki, shall be applied as given in the specifications provigled by the
manufacturer. For certain end terminations of steel wire rope slings and.ef steel cable-laid slings, the following
maximum values may be used as guidance:

kie = 1,00 for resin sockets;

ke = 0,90 for swage fittings on Flemish eyes;

ke = 0,75 for steel ferrules (mechanical termination);
ke = 0,75 for hand splices.

Other methods of termination require spegial consideration.

18.4.3.2 Fibre rope slings

For|fibre rope slings (FRS),\the termination efficiency factor shall normally be the value specified by the
manufacturer.

18.4.3.3 Steel wireyrope grommets and fibre rope grommets

As grommets~are endless, loop-shaped slings without end termination, a termination efficiency factor is not
applicable.

18.4.4-Bending efficiency factor

18.4.4.1 Steel wire rope slings and steel cable-laid slings
Where a wire rope sling is bent around a shackle, trunnion, padear or crane hook, the strength of the sling is

locally reduced by bending. The reduction in strength of the sling is accounted for by applying a bending
efficiency factor, &, to the calculated strength (CRBL) from 18.4.2.1 and 18.4.2.2.

The bending efficiency factor, &, for steel wire rope slings (SWRS) and steel cable-laid slings (SCLS) can be
calculated by Equation (47):

ko =1,0-0,5/[(D/d) (47)
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is the nominal diameter of the wire rope sling or the cable-laid sling;

is the minimum diameter over which the sling is bent.

Values calculated using Equation (47) are summarized in Table 17.

Table 1

7 — Bending efficiency factors, k., for steel wire rope slings and steel cable-laid slings
Pl 108 10 15 2.0 3.0 4.0 5.0 6:0 7.0
kpe < 0,50 0,50 0,59 0,65 0,71 0,75 0,78 0,80 0,81

Not permitted.

In order to @void even limited permanent deformation of a sling, a D/d ratio of at least 4,0.should be used.

body of a s
only to sling
to avoid exd
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ing shall not be bent around a diameter less than 2,54. D/d ratios smaller than 2,5 are applic
eyes. However, a sling eye shall not be bent around a diameter less than.the diameter of the s
essive permanent deformation of the eye.

he way of splices shall be avoided.

teel wire rope grommets

are endless, loop-shaped slings that are used with_one end connected to a lift point (typica
padear) and one end laid over the crane hook. The bending efficiency factor for a steel wire
WRG) may be calculated from Equation (47) or-determined from Table 17 for the lesser D/d r
the nominal diameter of one leg of the grommet'and D as the smaller of the diameters over w
pent at the lift point or the crane hook.

ard ratio of D/d = 4,0, a bending efficiency factor k,, = 0,75 may be used (see 18.4.4.1). It sh
at the bending efficiency factors at the lift point and at the crane hook usually differ as a resu
ues of D. If one or both of the bending efficiency factors is/are smaller than 0,75, the smaller v
e more severe reduction in strength shall be used at both ends.

he way of grommet butt or-tuck positions shall be avoided.

ibre rope slingscand fibre rope grommets

pe slings (FRS) and fibre rope grommets (FRG), the bending efficiency factor, k,,, normally
s 1,00, provided the bending diameter, D, is not less than the minimum specified by
er. Alternatively, the bending efficiency factor specified by the manufacturer may be used.

18.4.5 Reqresentative strengths of slings and grommets

The
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18.4.5.1

Steel wire rope slings and steel cable-laid slings

The representative strength of a manufactured sling includes the loss in strength caused by end terminations
and/or bending around a shackle, trunnion, padear or crane hook. The representative strength of a steel wire
rope sling, SWRS, Frg swrs. in force terms, is given by Equation (48):

FRrs,swrs = Min(kie X Fcg swrs kbe X Fcs,sSWRs)

(48)

where Fcg swrs IS determined from Equation (43) or the value specified by the sling manufacturer and
min(a, b) indicates the smaller value of a or b.
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Analogously, the representative strength of a steel cable-laid sling, SCLS, Frg gcLs, in force terms, is given
by Equation (49):

FRrs,scLs = Min(kie X Fcs scLs: kbe X Fcs,scLs)

where Fg g¢| s is determined from Equation (44) or the value specified by the sling manufacturer.

The

values of ki, and k., shall be in accordance with 18.4.3.1 and 18.4.4.1.

18.4.5.2 Steel wire rope grommets

(49)

The
Equ
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The

18.4

The

whdg
The)

Ang

representative strength of a steel wire rope grommet, SWRG, Frg gwrg: in force terms;
ation (50):

FRrs swRG = kbeXF'cs,SWRG,2

re Fcs swre.2 I8 determined from Equation (46) or directly taken from the manufacturer’s s
value of the bending efficiency factor, k., shall be taken in accordance with, 18.4.4.2.

.5.3 Fibre rope slings and fibre rope grommets

representative strength of a fibre rope sling, FRS, Frg rrs, in forceterms, is given by Equatior

FRrs Frs = Min(ke X Fcg FRs kbe X Fcs FRS)

re Fos prs is the corresponding breaking strength givenon the manufacturer’s certificate (se
values of ki, and k&, shall be taken in accordance with18.4.3.2 and 18.4.4.3.

is given by

(50)

becification.

(51):
(51)
e 18.4.2.4).

logously to a steel wire rope grommet [see Eduation (50)], the representative strength of a fibre rope
grommet, FRG, Frg pre, in force terms, is given by-Equation (52):

FRrs,FRG = kbeXFCs FRG,2 (52)
where Fs pre 2 IS determined in accordance with 18.4.2.4. The bending efficiency factor, ., shill be taken
in agcordance with 18.4.4.3.

18.4.6 Working load limits and design strengths of slings and grommets
18.4.6.1 Steel wire rope slings and steel cable-laid slings
TheWLL, Fyy ,of &'steel wire rope sling (SWRS) or a steel cable-laid sling (SCLS) for design verification by
the WSD method-are given by Equations (53) and (54), respectively:
FRrs, swWRs
By swrs =————— (53)
JSF, swRrs
Frs,scLs
Fwil,scls =————— (54)
JsF, scLs
where

FwiLL swRrs is the WLL of a steel wire rope sling, in force terms;

FRrs.swRrs is the representative strength of a steel wire rope sling from Equation (48);

JSF.sWRs is the safety factor for a steel wire rope sling, which shall be taken as
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JsF, swrs = 3 for sling diameters equal to or larger than 50 mm (2 in),

JsF, swrs = 5 for sling diameters smaller than 50 mm (2 in);

FwiLscLs is the WLL of a steel cable-laid sling, in force terms;

FRrs.scLs is the representative strength of a steel cable-laid sling from Equation (49);

JsFscLs is the safety factor for a steel cable-laid sling, which shall be taken as equal to or greater
than 2,25.

The design strength of a steel wire rope sling and of a steel cable-laid sling for design verification by the PFD
method are|analogously given by Equations (55) and (56), respectively:

FRs, swRs
Fps,sWwrRs =———— 55)
7R, SWRS
FRs, scLs
Fps,sgLs =———— (56)
7R, SCLS

where, in agldition to the definitions above,

Fps swRrs is the design strength of a steel wire rope sling, in force.terms;
7R SWRS is the partial resistance factor for a steel wire rope'sling;
Fps scls is the design strength of a steel cable-laid sling; in force terms;
TR, SCLS is the partial resistance factor for a steebcable-laid sling.

The partial resistance factors are related to the safety factors by the relationship fgg = % ¢ X 7; see 18.4.1[and
18.3.8. Conssequently,

Rswre = 3/1,3 =2,31 for steel wire rope.slings with diameters d > 50 mm (2 in);
R.swRrk > 5/1,3 = 3,85 for steel wire tope slings with diameters < 50 mm (2 in);

RscLg = 2,25/1,3 = 1,74 for steel cable-laid slings.

18.4.6.2 §teel wire rope grommets

The WLL of a steel wire rope grommet (SWRG) (for design verification by the WSD method) and the depign
strength of p steel wire,fope grommet (for design verification by the PFD method) are given by Equations (57)
and (58), rgspectively:

F
FyiL, swre—= RS SWRG (57)
JSsF. swrc
FRs, SWRG
Fps,swrg =——— (58)
7R, SWRG
where

FwiLswre s the WLL of a steel wire rope grommet, in force terms;
Fps swrc is the design strength of a steel wire rope grommet, in force terms;

FRrs.swrG is the representative strength of a steel wire rope grommet from Equation (50);
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