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Foreword

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

nom-governmental, in liaison with ISO, also take part in the work. ISO collaborates closel
Intgrnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization,

Intgrnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa

Th¢ main task of technical committees is to prepare International Standards. Drafttnternational

y with the

It 2.

Standards

adgpted by the technical committees are circulated to the member bodies forovoting. Publication as an

Intgrnational Standard requires approval by at least 75 % of the member bodies casting a vote.

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

ISQ 13628-11 was prepared by Technical Committee ISO/TC,67, Materials, equipment an
striictures for petroleum, petrochemical and natural gas industries, Subcommittee SC 4, D
prdduction equipment.

This first edition of ISO 13628-11 cancels and replaces /S© 10420:1994, which has been technicall

ISQ 13628 consists of the following parts, understhe general title Petroleum and natural gas in
Degign and operation of subsea production systems:

— | Part 1: General requirements and recommendations

— | Part 2: Unbonded flexible pipe systems for subsea and marine applications
— | Part 3: Through flowline (TFL) systems

— | Part 4: Subsea wellhead and tree equipment

— | Part 5: Subsea.umbilicals

— | Part 6: Subsea production control systems

— | Part-Z~.Completion/workover riser systems

t of patent

d offshore
rilling and

y revised.

dustries —

— | _Part 8: Remotely Operated Vehicle (ROV) interfaces on subsea production systems.

— Part 9: Remotely Operated Tool (ROT) intervention systems
— Part 10: Specification for bonded flexible pipe

— Part 11: Flexible pipe systems for subsea and marine applications

A part 12 dealing with dynamic production risers, a part 13 dealing with remotely operated tools and interfaces

on subsea production systems and a part 15 dealing with subsea structures and manifolds
preparation.

© 1SO 2007 — All rights reserved
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Introduction

This part of ISO 13628 is based on API RP 17B and on matching ISO procedures and API procedures. This
ISO standard has been technically updated and revised to cater for the needs of the international oil and
natural gas industries. This part of ISO 13628 provides information complementary to ISO 13628-2 and
ISO 13628-10.

Users of this International Standard should be aware that further or differing requirements can be needed|for
individual @pplications. This International Standard is not intended to inhibit a vendor from offering; or fthe
purchaser ffrom accepting, alternative equipment or engineering solutions for the individual application. This
can be particularly applicable where there is innovative or developing technology. Where an “alternative is
offered, thg¢ vendor should identify any variations from this International Standard and provideidetails.

Vi © 1SO 2007 — All rights reserved
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Petroleum and natural gas industries — Design and operation
of subsea production systems —

Part 11:

Floxible_pi | ‘ : L nagi licati

1

Thi

Scope

s part of ISO 13628 provides guidelines for the design, analysis, manufacture, testing, insta

IS
m
res

Thi
en
1S

Thq
and
usH

pip
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Thi
ling

2

The
refe
doq

1S(
5%

opiration of flexible pipes and flexible pipe systems for onshore, subsea and marine applications. ]

13628 supplements ISO 13628-2 and ISO 13628-10, which specify mihimum requirements for
erial selection, manufacture, testing, marking and packaging of-unbonded and bonded fle
pectively.

s part of ISO 13628 applies to flexible pipe assemblies, consisting of segments of flexible pips
fittings attached to both ends. Both bonded and unbonded-pipe types are covered. In addition,
13628 applies to flexible pipe systems, including ancillary components.

e applications covered by this part of ISO 13628 _are sweet- and sour-service production, inclu
injection applications. This part of ISO 13628 ,applies to both static and dynamic flexible pig

brences, only.'the edition cited applies. For undated references, the latest edition of the
ument (ifcluding any amendments) applies.

13628-2:2006, Petroleum and natural gas industries — Design and operation of subsea
tems — Part 2: Unbonded flexible pipe systems for subsea and marine applications

llation and
['his part of
the design,
xible pipe,

body with
this part of

ling export
e systems

d as flowlines, risers and jumpers. This part-af ISO 13628 does cover, in general terms, the use of flexible

bs for offshore loading systems.
TE Refer also to Reference [30] foroffshore loading systems.
s part of ISO 13628 does nottcover flexible pipes for use in choke and kill lines or umbilical and control
S.
Normative reférences
e following referenced documents are indispensable for the application of this document.

For dated
referenced

production

ISO 13628-3:2000, Petroleum and natural gas industries — Design and operation of subsea production
systems — Part 3: Through flowline (TFL) systems

ISO 13628-10:2005, Petroleum and natural gas industries — Design and operation of subsea production
systems — Part 10: Specification for bonded flexible pipe

NACE TMO0177, Laboratory testing of metals for resistance to sulfide stress cracking and stress corrosion

cra

cking in H,S environments

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

ISO 13628-11:2007(E)

3 Terms, abbreviated terms, definitions and symbols

For the purposes of this document, the following terms, definitions, symbols and abbreviated terms apply.

3.1 Terms and definitions

3.1.1
annulus

space between two concentric plastic sheaths of an unbonded flexible pipe cross-section

3.1.2
Arrhenius
log-linear g

313
basket
device use

NOTE

314

bird-caging

buckling of
radial defo

315

buoyancy
buoys use
configurati

NOTE

3.1.6
carousel
device use
axis

NOTE

317

Chinese fi
woven ste
or applying

3.1.8
end fitting

plot
cale used to plot service life against the inverse of temperature for some polymer materials

d for storage and transport of flexible pipe

All pipes are laid freely into the basket.

the tensile-armour wires, usually caused by extreme axial compression, which results in signifig
rmation

module
d in significant numbers at discrete points over ‘a’section of riser to achieve wave-shape ri
DNS

See 4.4.6.

d for storage and transport of verylong lengths of flexible pipe and which rotates about a vert

Pipe is wound under tension.around the centre hub.

gers
| wire or fabric_sleeve that can be installed over a flexible pipe and drawn tight to grip it for supy
tension to the'pipe

terminatior]

ant

ser

cal

ort

in_a flexible pipe

3.1.9

flexible pipe system
fluid conveyance system for which the flexible pipe(s) is/are the primary component and which includes
ancillary components attached directly or indirectly to the pipe

3.1.10
free-hangi

ng catenary

riser configuration that spans the water column in a catenary shape modified by the bending stiffness of the

riser

NOTE

See Figure 4.

© 1SO 2007 — All rights reserved
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3.1.1

integrated service umbilical

Isym™1)

structure in which the inner core is a standard flexible pipe construction

NOTE 1 Umbilical components are wound around the core pipe and covered with a protective outer sheath

NOTE 2 ISU is a trademark of Coflexip Stena Offshore.

(see 4.3.6).

fre@-hanging catenary modified by a section with concentrated buoyancy modules
NO[TE See Figure 4.

3.114

multibore
mujtiple flexible pipes or umbilicals contained in a single construction with an outer sheath extrudg
bundle

NOJTE See 4.3.7.

3.1115
mudltiple configuration
risgr system with more than one riser connected ata mid-depth location

3.1116
ovalization
outrof-roundness of the pipe, calculated as follows:

Dmax B Dmin

Dmax +Dmin

where D and D,,;, @r@maximum and minimum pipe outside diameter, respectively.

max min

3417

pidgy back
attachment-of two parallel and adjacent independent pipes, rigid or flexible, over a significant length

3.1118

2d over the

pratotype test

test to establish or verify a principal performance characteristic for a particular pipe design, which may be a

new or established design

3.1.19
rapid decompression

sudden depressurization of a system during which gas in the pipe expands rapidly and can cause blistering or

collapse of the internal pressure sheath or other gas-saturated layers

1) ISU™ is an example of a suitable product available commercially. This information is given for the convenience of

users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.

© 1SO 2007 — All rights reserved
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3.1.20
reel
large-diameter structure used for storage of long lengths of flexible pipe, which rotates about a horizontal axis

3.1.21

riser base

structure positioned on the seabed, used to provide a structural and pressure-tight connection between a
flexible riser and a flowline

NOTE1  See4.4.38.
NOTE 2 |[tTmaybea PLET ora PLEM:

3.1.22
riser hang-off
structure f@r supporting a riser at the connection to a platform

EXAMPLE Jacket, semi-sub, tanker, etc.

3.1.23
steep wave
lazy wave With a touchdown point fixed to the seabed

NOTE See Figure 4.

3.1.24
steep-S
lazy-S withl a touchdown point fixed to the seabed

NOTE See Figure 4.

3.1.25
subsea byoy
concentratgd buoyancy system

NOTE This system generally consists of steel-orsyntactic foam tanks, as used in S-type riser configurations (4.4.5).
See also bupyancy module (3.1.4).

3.1.26
tensioner
mechanicgdl device used to supportior apply tension to a pipe during installation

3.1.27

umbilical
bundle of helically or sifusoidally wound small-diameter chemical, hydraulic, and electrical conductors|for
power and|control systems

3.2 Synbols‘and abbreviated terms

The following symbols and abbreviated terms are used in this document.
CPE chlorinated polyethylene

CR polychloroprene

DA dynamic application

DBS dibutyl sebacate

DOF degrees of freedom

4 © 1SO 2007 — All rights reserved
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EPDM ethylene propylenediene monomer rubber
FAT factory acceptance test

FPS floating production system
FPSO floating production storage and offloading
HDPE high density polyethylene
HIG hydrogen-induced-cracking
HNBR hydrogenated nitrile rubber
ID inside diameter

ISU integrated service umbilical
MBR minimum bend radius

MOPE medium density polyethylene
MWL  mean water level

NBR nitrile butadiene rubber

NR natural rubber

oD outer diameter

PA polyamide

PE polyethylene

PP polypropylene

PLE pipeline end manifold

PU polyurethane

PVC polyvinyl ehlofide

PVDF  polyvinylidene fluoride

REF riser end fitting

RAV remotely operated vehicle
SA static application

SBR storage bend radius

SSC sulfide stress cracking

TFL through flowline

uv ultraviolet

© 1SO 2007 — All rights reserved
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VIV vortex-induced vibration

XLPE cross-linked polyethylene

Cy hydrodynamic drag coefficient
Cn hydrodynamic inertia coefficient
Dpax ~ mMaximum pipe outside diameter
Din miinimum pipe outside diameter
oy mlaterial ultimate stress

oy material yield stress

4 Systém, pipe, and component description

4.1 Introduction

411 Ge

Clause 4 §
componen
the clause
consulted f

In general
methods. |
On the co
reason, so
possibility

The reade
criteria, co

etc.) is in
application|

41.2 Re

41.21

pipe systems andgives guidance on the implementation of the specification for standard flexible-pipe produ

In addition

heral

rovides a general overview of flexible pipe systems; pipe cross-section designs and ancil
s. In addition, Clause 4 gives an overview of all aspgcts of flexible pipe technology and identi
5 and subclauses of this part of ISO 13628 and of ISO 13628-2:2006 and ISO 13628-10:2005 to
or relevant issues.

flexible pipe is a custom-built product that can be designed and manufactured in a variety

is not the intent of this part of ISO 13628 to discourage novel or new developments in flexible p
htrary, it is recognized that a varietyCof designs and methods of analysis are possible. For
me topics are presented in general terms to provide guidance to the user while still leaving open
pf using alternative approaches.

mponents manufacturing and testing, operational roles and demands, maintenance and inspect
a state of rapid apd\.continuing evolution. Potential users shall, therefore, apply care in t
of the recommendations within this part of ISO 13628.

commended practice and specification overview
This part’of ISO 13628 provides the current best practice for design and procurement of flex

the recommended practice shows guidelines on the qualification of prototype products.

should be aware that flexible-pipe technology (concepts, design and analysis methodologies E}nd

ary
ies
be

of
pe.
his
the

n!
eir

ble
cts.

41.2.2

All aspects of flexible-pipe technology, from functional definition to installation, are addressed in
either this part of ISO 13628 or in 1ISO 13628-2 and ISO 13628-10. Some issues are addressed in all three
documents. The various stages in the procurement and use of flexible pipes are defined in Figure 1.

© 1SO 2007 — All rights reserved
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N

-

-

Function Activity Standard Reference
Functional 1ISO 13628-2 and ISO 13628-10:2005, Clause 4
dunf_c !?na —~——————————— Purchasing Guidelines
e '1‘ on ISO 13628-2 and ISO 13628-10:2005, Annex A)
Material -] 1ISO 13628-2 and ISO 13628-10:2005, Clause 6
selection This part of ISO 13628, Clause 6
| Pipe 1ISO 13628-2 and ISO 13628-10:2005, Clause 5
DeSIQn anign =~ This 'v_v::rf of 1SQ 13628 Clause 5
System design
Analysis - —————— This part of ISO 13628)/Clause(7
considerations
Componentdesign | __ | This partof ISO 13628, Clause(8
and materials
Testi Prototype test .
esling ’ f—— — This part of ISO 13628, Clause (9
(optional)
Manufacturin ] 1ISO 13628-2 and ISO 13628-10:2005, Clause 7
9 This part of ISO 13628, Clause 10
Factory acceptance | o\ ISO 13628-2 and ISO 13628-10:2005, Llause 9
testing
anufacturing *
Documentation™~ |<+——————————- 1ISO 13628-2 and ISO 13628-10:2005, [Clause 8
Marking, packaging | _ | 1ISO 13628-2 and ISO 13628-10:2005, ¢lause 10
and storage This part of ISO 13628, Clause 10
Handing =~ 1 | This part of ISO 13628, Clause
and transportation
Installation *
Installation
—— —— — — —— — — — — — This part of ISO 13628, Clause
Commissioning
A —— This part of ISO 13628, Clause 13
condition monitoring
Operation +
Retrieval S — This part of ISO 13628, Clause 12
and reuse

© 1SO 2007 — All rights reserved
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4.2 Flexible pipe systems

4.2.1 Definition of system

4211

The flexible pipe system is an important part of the overall field development and can influence or
be influenced by the design and specification of other components in the development. The definition of the
flexible pipe system should therefore commence at the initiation of the overall project as development
strategies evolve. Aspects of the development strategy that can influence the flexible pipe system include field
layout (template versus satellite wells) and production-vessel type (platform, tanker including turret location,
semi-sub, etc.). Current limitations in flexible-pipe technology, such as application range and manufacturing

capability,
4.21.2

It is neces
the system
and canin

a) severe

b) extrem
c) difficul
d) freque
e) large Vi
421.3

is required
issues, su
commence
421.4

used in th
parameter

422 Ap

4221

42211
category (H

a) produ

dll dibU i’ul IUIdIIIUI Ii.d“y il Ilriubl 1ICC pU‘LCI Ii.idi UVUIdii I’-IUiuI dUVUiUpIIIUI I.l Upi.iUl [ISH
It is necessary to address the flexible pipe system and the flexible pipe or pipes within that systs

design. Critical parameters that can affect the pipe design should be identified earlylin the proc
Clude the following:

internal conditions, such as high H,S content (sour service);

e external environmental conditions;

installation conditions (such as extreme environment);
ht, cyclic, large-amplitude pressure and temperature fluctuations;
essel offsets.

To define accurately all relevant parameters, interaction between the purchaser and manufacty
at an early stage in the project. An important.aspect of this is the identification of critical syst
ch as interfaces. See 7.6 for potentially critical interfaces that should be considered at proj
ment.

ISO 13628-2 and 1SO 13628-10:2005, Annex A, provide purchasing guidelines, which may

e definition of the flexible pipe(system and which address all aspects from general desg
5 to detailed flowline- and riser-specific requirements.

blications

General

Flexible pipe for offshore and onshore applications is grouped into either a static or dyna
figures 2 and-3). It is used for a multitude of functions, including the following:

ction: oil, gas, condensate, water;

b) injecti

Bm.

sary to consider the relevant parameters, as well as the interactions between the pipe design and

BSS

rer

ect

be
ign

mic

DI water, gas, downhole chemicals;

c) export: semi-processed oil and gas;

d) services: wellhead chemicals, control fluids.

4.221.2

The static and dynamic categories place different physical demands on the pipe. While b

oth

require long life, mechanical strength, internal and external damage resistance and minimal maintenance,
dynamic service pipes also require pliancy and high fatigue resistance.
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b) Flowlines repositioned for mature field
production schieme

c) Flexible pipe connected to a J-tube d) Flexible pipe connected to the mgnifold

Key
J-tube

flexible pipe

rigid pipe

manifold

flexible pipe spool piece

rigid steel flowline
=)

o b W N -

Figure 2 — Examples of static applications for flexible pipe

© 1SO 2007 — All rights reserved 9
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Key

A WON -~

10

flexible
subsea
rigid ris
anchor

a) FPS b) FPS with-rigid riser

c¢) Floatingtanker/terminal mooring

Fiser
buoy
pr
Chain

FEigure 3 — Examples of dynamic applications for flexible pipe
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4.2.2.2  Static applications

4.2.2.21 The use of flexible pipe for static applications is primarily for flowline and fixed jacket-riser service.
Flexible pipe is used in these applications to simplify design or installation procedures, or for its inherent
insulation or corrosion-resistant properties. In addition, reduction of installation and end-connection loads and
moments may be achieved using flexible pipe. Examples of where the use of flexible pipe results in simplified
flowline design or installation include the following (see Figure 2):

a) subsea flowline end connections where expensive or difficult operations, such as exact orientation

measurements for spool pieces or the use of large alignment equipment to reposition the flowline, can be
eliminated-

b) | situations involving gross movements and damage to flowlines because of mudslidescean e reduced
through the use of slack sections of flexible pipe;

c) | applications in which field hardware and flowline location change with the field’s production characteristics,
which can necessitate the recovery and reuse of the flowlines;

d) | applications with uneven seabed to avoid seabed preparation;

e) | in deepwater or severe environment applications, where flexible pipe.installation is economically attractive
relative to rigid pipe installation.

NO[TE Instead of mobilizing an expensive pipe-laying spread, it is often preferable to use flexible pipe insfalled from a
dyrfamically positioned vessel.

4.212.2.2 Flexible pipe flowlines generally range in internal diameter from 0,05 m to 0,5 m (2 |n to 20 in)
although some low-pressure, bonded flexible pipes, such' as oil suction and discharge hoses, hgve internal
diameters up to 0,91 m (36 in). Section lengths are, limited by transport capabilities and diameter is limited
only by current manufacturing capability.

4.212.2.3 The functional requirements of .a(flexible-pipe flowline are generally the same as for g steel-pipe

flowline. Significant dynamic loading or motions are generally not experienced, so the flexibility properties of
flexible pipe simplify the project transport.and installation phases.

4.212.3 Dynamic applications
4.22.31 Dynamic applications use flexible pipe between supply and delivery points if there|is relative
movement between thesé two points while in service. These types of applications usually involve an offshore
floating production facility or terminal connected to another floating facility, fixed structure or ffixed base
(Figure 3). Examples-of dynamic applications include the following:
a) | flexible-piperisers for offshore loading systems;

b) | flexible=pipe riser connections between floating production facilities and subsea equipment.

4.212:3:12 Figure 4 illustrates schematics of the riser configurations typically used. In general, the critical
secfions in the riser configurations are at the top (or bottom), where there are high tensile forces (and large
curvatures); at the sag bend, where there is large curvature (at low tension); and at the hog of a wave
buoyancy section, where there is large curvature (at low tension).

4.2.2.3.3 The present dynamic applications of flexible pipes have only been for the production phase.
However, with the advent of downhole motors, flexibles may also be used as drilling risers, as described by
FPS 2000 [23],

4.2.2.3.4 In addition to riser systems that use flexible pipe throughout, systems that combine flexible pipe

and rigid pipe in the flow path have been used. Described as hybrid riser systems, they typically use a lower
rigid-riser section (such as a free-standing riser) and an upper flexible-pipe section (jumper line).

© IS0 2007 — Al rights reserved 1
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d) Steep wave e) Lazy wave

Figure 4 — Examples of flexible riser configurations
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4224 Jumper lines

42241 In addition to flowlines and risers, jumper lines, a further category, may be used for either static or
dynamic applications. Examples of flexible pipes used in jumper-line applications include the following
(Figure 5):

a) static applications:

1) intra-field connection of wellheads and manifolds (typically in lengths less than 100 m),

2\ connection of topside wellheads and pnlatform pinina on tension lea pnlatforms (TL Pg):
7 Ll Lad Ll ol J D o \ 77

4.2

sygtems. Their operation, however, is somewhat different. The lines are 'generally more expose
loading, and the configuration varies between the connected condition. anhd the stand-off condi

im[{

components should be evaluated carefully for dynamic jumper-line applications.

dynamic applications:
1) connection of wellhead platforms and floating support vessels,
2) lines in FPSO turret motion transfer systems.

24.2 The functions of the dynamic jumper lines (excluding internal_turret lines) are simi

oses extra requirements on the end connectors and bend siiffeners. The performancs
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a) Flexible pipe as a fluid transfer line
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b) Hlexible pipe connected to Xmas tree c) Flexible pipe connected to manifold

Key
1 support vessel 8 moving end
2 flexible jumper 9 wellbay
3 wellhead platform 10 grated deck
4 fixed end 11 tree deck
5 topsides piping 12 rigid riser
6 end fitting 13 manifold
7 Xmas tree 14 wellheads

Figure 5 — Examples of flexible-pipe jumper-line applications
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4.3 Flexible pipe description
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4.31 General

4311 This part of ISO 13628 does not apply to flexible pipes for use in choke and kill line or umbilical
applications.

43.1.2 A flexible pipe generally combines low bending stiffness with high axial tensile stiffness, which is

achieved by a composite pipe wall construction. This is more applicable to unbonded flexible pipes than to
bonded flexible pipes. The two baS|c components are helical armourmg Iayers and polymer sealing layers,

whij
Geherally, a flexible pipe is designed specifically for each application and is not an off-the-she
although flexible pipes may be grouped according to specific designs and, hence, applications.\Fhis
pipe to be optimized for each application.

4.312 Unbonded flexible pipe construction

43121 Figure 6 shows a typical cross-section of a flexible pipe. The mainpayers in this cross-
ideptified in 4.3.2.2 t0 4.3.2.6

4.32.2 The carcass is an interlocked metallic layer which provides collapse resistancs.
illugtrates an example of a carcass profile.

4.32.3 The internal pressure sheath is an extruded polyméplayer which provides internal fluid
4324 The pressure armour is an interlocked metallic.layer which supports the internal press

The tensile-armour layers typically, use flat, round, or shaped metallic wires, in two or
swound at an angle between 20° and.60® The lower angles are used for pipe constructions wh
ressure-armour layer. Where no pressure-armour layer is used, the tensile-armour layers are ¢
at 4n angle close to 55° to obtain a totsionally balanced pipe and to balance hoop and axial loads.

4.3

2.6 The outer sheath isian extruded polymer sheath that provides external fluid integrity.

Y

7

capacity.
pIf product,
allows the

section are

Figure 7

ntegrity.

ure sheath
les for the
e used for

four layers
ich include
rosswound
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a) Bonded flexible pipe

b). Unbonded flexible pipe

tensile lpyer

anti-fricfion layer

outer sheath

hoop stfess layer

outer layer of tensileyarmour
anti-wear layer.

inner layer/of.tensile armour

back-uppressure armour

interlocked pressure armour
internal pressure sheath
carcass

anti-bird-cage layer

Figure 6 — Schematic of typical flexible riser cross-sections
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a) Z-shape (pressure-armour profile)

J N\

b) C-shape (pressure-armourprofile)

c) T-shape 1 (pressure-armour profile)

AL

d) T-shape 2 (pressure-armour profile)

e

e) Carcass profile

Key
1 clip 2  T-wire

Figure 7 — Pressure-armour and carcass interlock profiles
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4.3.3 Bonded flexible pipe construction

4.3.3.1

4.3.3.2

43.3.3

43.3.4

elastomer
typically la
longituding
the requirg
strength in

4.3.3.5

protection

NOTE

is a bonded

4.3.4 Classification of flexible pipe

A typical bonded flexible pipe consists of several layers of elastomer either wrapped or extruded
individually and then bonded together through the use of adhesives or by applying heat and/or pressure to
fuse the layers into a single construction. Figure 6 shows an example of a bonded pipe construction. The main
layers are identified in 4.3.3.2 t0 4.3.3.5.

The carcass is an interlocked, metallic layer, which provides collapse resistance. Figure 7 shows
an example of a carcass profile.

The lineris a wrnpppd ar extruded elastomer Inypr’ which Im‘m/idnc internal fluid infpgrify

The reinforcement layer is comprised typically of helically wound, steel cables in an embedd
compound used to sustain tensile and internal pressure load on the pipe. The steel ‘cables
d at an angle of 55° to obtain a torsionally balanced pipe, in addition to equivajent 'hoop and
| forces in the layer due to pressure. However, this angle may increase or decrease depending
d strength characteristics of the pipe. For example, a higher angle may bef used if increa
the hoop direction is required at the expense of tensile capacity and axial stiffness of the pipe.

[The concept of separate layers in a bonded pipe construction is notional because the final pipe cross-sec
composite construction.

ing
are

on
sed

The outer layer is a wrapped or extruded elastomer layer that provides.external fluid integrity and
bgainst external environments, corrosion, abrasion and mechanical damage.

tion

bse
NS
s if

4.3.41 Currently, unbonded flexible pipes can generally.be classified into three distinct families. Th
classificatipns are identified in Table 1. Distinctions exist between pipes for static and dynamic applicati
within these families, with the main distinction being the“use of anti-wear layers for dynamic application|
they are reguired to achieve service-life criteria.
Table 1 — Description of standard flexible-pipe families — Unbonded pipe
Layer Layer primary Rroduct family | Product family Il Product family il
Ng. function . i - i Rough-bore,
Smooth-bore pipe Rough-bore pipe reinforced pipe
1 Prevent collapse Pressure-armour Carcass Carcass
layer(s)
2 Internal fluid@integrity Internal pressure Internal pressure Internal pressure
sheath sheath sheath
K Hoop stress resistance Pressure-armour — Pressure-armour
layer(s) layer(s)
4 External fluid integrity Intermediate sheath — —
5 Tensile-stress Crosswound tensile Crosswound tensile Crosswound tensile
resistance armours armours armours
6 External fluid integrity Outer sheath Outer sheath Outer sheath
NOTE 1 All pipe constructions can include various non-structural layers, such as anti-wear layers, tapes,
manufacturing aid layers, etc.
NOTE 2 An external carcass can be added for protection purposes.
NOTE 3 The pressure layer can be subdivided into interlocked layer(s) and back-up layer(s).
NOTE 4 The number of crosswound armour layers can vary, though is generally either two or four.
NOTE 5 Thermal insulation can be added to the pipe.
NOTE 6 The internal pressure and outer sheaths can consist of a number of sublayers.
NOTE 7 Product family lll is generally used for higher-pressure applications than II.
NOTE 8 The intermediate sheath for smooth-bore pipes is optional if there is no external pressure or the external
pressure is less than the collapse pressure of the internal pressure sheath for the given application.

18
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4.3.4.2 The classifications for bonded flexible pipe are identified in Table 2. Smooth-bore flexible pipes
(product family I, unbonded and product family IV, bonded) often are used for water injection or dead crude
applications.
Table 2 — Description of standard flexible pipe families — Bonded pipe
Layer L . . Product family IV Product family V
ayer primary function
No. Smooth-bore pipe Rough-bore pipe
1 Prevent collapse — Carcass
2 Internal fluid integrity Liner Liner
3 Hoop anq tensile-load Reinforcement layer(s) Reinforcementlayer(s)
resistance
4 External fluid iqtegrity and Cover Cover
protection
NOTE 1 All pipe constructions can include various non-structural layers, such as filler [ayers and breaker fabrig¢s.
NOTE 2 An external carcass can be added for protection purposes.
NOTE 3 The number of crosswound reinforcement plies can vary, though is, generally, either two, four, or six.
4.315 End fittings
4.3 5.1 Figure 8 illustrates a typical unbonded-pipe end,fitting. End fittings may be built in during pipe
manufacture or installed in the field. The two purposes of a flexible-pipe end fitting are to
a) | terminate all the strength members in the pipe’s, construction, so that axial loads and bending moments
can be transmitted into the end connector without adversely affecting the fluid-containing layerg, and
b) | provide a pressure-tight transition betwéen' the pipe body and the connector.
4.315.2 End connectors can be-an-integral part of, or attached to, the end fitting. A varipty of end
connectors exist, such as bolted flanges, clamp hubs, proprietary connectors and welded joint$ (two end
fittings welded together to join._pipe segments into a longer segment). The selection of end fonnectors

depends on operational and s€rvice requirements.

© 1SO 2007 — All rights reserved

19


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

ISO 13628-11:2007(E)

1
* T
N
-

-

N
\\\\ VIIII(IIA

AT

Key
mountirjg flange

end-fitting housing (inner casing)

end-fitting housing (outer casing)

tensile armours (embedded in epoxy)
pressurg-armour layer

outer sheath

internal|pressure sheath (and sacrificial layers)
end-fitting neck

insulator
10 carcasgend ring
11 sealring
12 carcass
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Figure 8 — Example of an unbonded-flexible-pipe end fitting

4.3.6 IntTgrated service umbilicals

4.3.6.1 The functionality of flexible pipes can be combined with umbilicals to form an integrated service
umbilical (ISU™)2). Figure 9 is a schematic of a typical ISU. The inner core is a standard flexible-pipe
construction and provides the axial load-bearing capacity of the structure. The umbilical components
(electrical, hydraulic and control lines) are helically (or sinusoidally) wound around the core pipe.

2) ISU is an example of a suitable product available commercially. This information is given for the convenience of users
of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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1 |electric power,cable
2 |outer sheath
3 |tape
4 | pipe outer sheath
5 |tensile-armour layer
6 UHntermatHtensite-armotrtayer
7  pressure-armour layer
8 internal pressure sheath

9 carcass

10 electrical signal cable
11 filler material

12 fibre optical cable
13 hydraulic hose

14 anti-friction tape

Figure 9 — Schematic drawing of an example ISU
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4.3.6.2 Spacers (fillers) are included between the umbilical lines to increase the crushing load resistance
of the ISU. The assembly is covered by a protective outer sheath. In some cases, a layer of helical or
sinusoidal armouring is applied between the control lines and the outer sheath. This layer increases the
mass-to-diameter ratio of the ISU, which reduces the dynamic motions, thereby minimizing the potential for
interference with adjacent risers. This layer also protects the control lines against external damage.

4.3.6.3 The end terminations of an ISU are complex constructions. The core of the termination is the end
fitting of the central flexible pipe around which the terminations of the control lines are grouped. This assembly
is integrated in a steel housing or frame, which may also carry the bend stiffener and transfer bending loads.
The detailed design of the termination is governed by the installation and tie-in strategy.

4.3.6.4 Stainless steel conduits may also be used in the ISU. These overcome the problem ofi fluid
diffusion through the polymer hoses (in particular methanol) and reduce response time in control systems.
However, stainless steel conduits can be sensitive to fatigue in dynamic applications and installation loads.

4.3.7 Multibores

43.71 The multibore concept involves combining multiple flexible pipes and/or Umbilical compongnts
into a single construction, thus reducing the number of lines in a field development and thereby simplifying [the
field layout and installation requirements. It can also reduce the number of I-tubes’ or J-tubes required|for
some devglopment options. Figure 10 illustrates some examples of multibore “eonstructions. The individual
pipes are helically or sinusoidally wound and filler/spacer materials are used to~obtain a circular cross-section.
External armouring may be applied outside the bundle. A polymer sheattyis extruded over the bundle and
provides sfructural integrity and protection.

Dimensions in millimetres (inches)

355,6 (14)

A
 J

— 101,6 (4)

]

a) Example 12

Figure 10 (continued)
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Dimensions in millimetres (inches)

381 (15)

A
Y

b) Example 2 b

431,8 (17)

A
Y

101,6 (L)

38,1 (1,5)

c) Example 3¢ d

Key
A filler

NOTE Properties given for the three examples are typical.

@  Linear mass in air, empty, is 181 kg/m (121,63 Ib/ft); minimum bending radius is 2,4 m (7,87 ft).

b Linear mass in air, empty, is 201 kg/m (135,07 Ib/ft); minimum bending radius is 2,5 m (8,2 ft).

¢ Linear mass in air, empty, is 249 kg/m (167,32 Ib/ft); minimum bending radius is 2,9 m (9,51 ft).

4 Umbilical.
Figure 10 — Examples of multibore constructions
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4.3.7.2 The design of a multibore construction is much more complex than a single bore. Important
considerations are described in 4.3.7.2.1t0 4.3.7.2.7.

4.3.7.21 The most desirable shape in a multibore structure is a circular cross-section, since this results in
optimal hydrodynamic performance, efficient space utilization and easy handling during installation and
retrieval.

4.3.7.2.2 Standard components (flexible pipes and umbilicals) are recommended for use as much as
possible.

4.3.7.2.3 The internal components can possibly provide the axial-load capacity of the structure _depending
on the manufacturing process. The axial-load capacity or additional capacity can be provided by armour4ayers.
The structyrral stability (differing elongations in the components) and torsional balance of the multibere_under
various loading conditions (unequal pressure levels and bending) should be evaluated.

4.3.7.2.4 | The crushing resistance of the multibore shall be large enough to allow for flexihility in installation
methods.

4.3.7.2.5 | The maximum outer diameter is limited by the extrusion capability of the.manufacturer for fthe
outer sheath.

4.3.7.2.6 | Care should be taken during winding to minimize torsion loads induced in the individual
components.

4.3.7.2.7 | A symmetrical construction is recommended to ensure uniform mechanical properties and to
prevent structural rearrangement under dynamic loading.

4.3.7.3 The end termination for the multibore construction™typically uses standard end fittings contained
within a box-type structure.

4.4 Ancjllary components

441 Geperal

Ancillary components commonly used in flexible pipe systems are described in 4.4.2 to 4.4.9.

4.4.2 Bend limiters

4421 Figure 11 illustrateéstwo types of bend limiter in common use: bend stiffeners and bellmouthg. A
third type |s a bend restrictoryas described in 4.4.3. Bend stiffeners and bellmouths are generally used|for
dynamic applications. However, they can also be used in static applications. An example of the latter is [the
use of bend stiffeners entflowlines to prevent overbending at the end fitting during installation.

Bend limitgrs should*be designed to give no bending in the pipe for a length of approximately one OD from the
end fitting] Below this, the bending is allowed to increase gradually, with a smooth variation of bending
moment withimMBR criteria limitations.

4.4.2.2 Bend limiters may be built into the pipe construction in some bonded pipes. This is achieved by
extruding or wrapping additional layers of elastomer and then curing the structure to form an integral bend
limiter and pipe.
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Figure 11 — Bend limiters
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4.4.3 Bend restrictors

4431 Bend restrictors are designed to mechanically restrict the flexible pipe from bending beyond its
allowable MBR and are currently only used in static applications. An example of a bend restrictor is shown in
Figure 12. Bend restrictors are used to support a flexible pipe over free spans where there is the possibility of
damaging the pipe structure because of overbending. Typical applications are at wellhead connections, J-tube
exits and rigid-pipe crossovers. Restrictors may also be used to prevent overbending during installation.

443.2 The restrictor consists of interlocking half rings that fasten together around the pipe so that they
do not affect the pipe until a specified bend radius is reached, at which stage they lock. Full rings are
permitted i i i itti i i er

bending ofl the pipe and additional loads are carried by the bend restrictor. Care should be taken that fthe
locking of the rings does not damage the outer sheath of the pipe, i.e. there is smooth support with ne_shiarp
edges in the restrictor design.

4.43.3 The bend restrictor elements may be manufactured from metallic materials; creep-resistant
elastomerq or glass-fibre-reinforced plastic. All materials should be selected for the specified environment and
have suffigent corrosion resistance.

N \/\\ /\\ N \\/\\

a) Bend restrictors covering flexible pipe

-
[

\
)
|
!
|
(—-+}+-—)
|

/4
[

b) | Bend restrictor in locked position c) Side elevation

Key
1 end fittikg
2 reaction collar
3 bend restrictor
4  subsea line

Figure 12 — Schematic of a bend restrictor
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4.1 The design of flexible-pipe end fittings allows for the use of a variety of end connectors, such as
bolted flanges, clamped hubs and proprietary connectors. The connectors are typically welded to the end
fitting prior to connecting to the flexible pipe or they may be integrally machined from the end-fitting body.

4.2 The flexible pipe and end fitting can also be connected directly to a steel pipe, e.g. by welding.
However, welding close to the end fitting [approximately 0,5 m to 0,8 m (1,64 ft to 2,62 ft)] should not be
performed when the end fitting is already connected to the flexible pipe because overheating of the end fitting
can adversely affect the layer terminations or seals.

4.41.4.3 Quick-disconnect and quick-connect/disconnect systems may be used as connéctors where

emlergency release is an operational requirement for dynamic-riser applications. Figure #3.illystrates an

example of a quick-disconnect system. The main features of emergency release systems are typically as
follpws:

a) | isolation ball valve in upper and lower halves of the structure;

b) | ability to disconnect under full design loads and internal pressure;

¢) | minimal size and mass for structure;

d) | full-bore throughout to allow for pigging;

e) | pressure-tight connection with face-to-face type primary seals to avoid damage to sedals during
disconnect/reconnect and dynamic loading;

f) | ball valves are interlocked with release mechanism to ensure closure on disconnection (might not be
required for all applications);

g) | simplified support structure (guide-post funnels) to allow easy and safe reconnection;

h) | capability to periodically test release,mechanism without releasing the riser or breaking primary seals (or,
if this is not feasible, an alternative'test procedure is required that includes retesting of primary|seals after
reconnection).

4444 Disconnect systems)can have emergency shutdown valves on one or both sides of the interface.

There can be cases where no yvalve is required. Important considerations in this decision include

a) | risk of disconnection,

b) | transported fluid,

c) | environfmental concerns, and

d) | topsides valving.
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Figure 13 — Example of a quick-disconnect system
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4.4.5 Subsea buoys

4451
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Subsea buoy/arch systems are used to achieve S-shaped riser configurations, including lazy,

steep, and reverse configurations. (Note that in the reverse configuration, the lower catenary of the riser
passes back underneath the buoy.) The systems typically consist of one or more buoyancy tanks supported
by a steel structure over which lie individual gutters (arches) for each riser. Figure 14 shows two typical
systems. The buoyancy tanks may be constructed from either steel tanks or syntactic foam modules. The
tanks can be positioned as shown in Figure 14.

44
afl

SY;

(laz
Six

y-S) or by flexible risers (steep-S). The subsea buoy/arch systems are typically designed to sup

risers, though there is no theoretical limit on the number. The risers are held in place-on the arch.

/1 4

a) Option’1 — Twin buoys

b) Option 2 — Single buoy

of the riser

.5.2 The S-shaped riser configuration can alternatively be achieved by using a fixed support instead of
tem.
5.3 The subsea buoy/arch system is held in place by a riser base to which it is cohhected

by tethers
port two to

. P A
Figuret4-(continued)
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support|structure

NOTE [The buoys can be steel tanks or syntactic foam structures.

Figure 14 — Subsea buoy/arch systems

4.4.6 Bupyancy modules

4.4.6.1 BlUeyancy modules are used to achieve the wave-shape riser configurations (lazy, steep, and
pliant). FighreA5 is a schematic of a typical module. A specific number of modules (such as 30) is required to
achieve the wave configuration and are generally sized (both length and diameter) to be about two to three
times the pipe OD, though this depends on buoyancy and installation requirements. The number of modules is
based largely on riser mass, water depth, offset requirements, and manufacturing/commercial issues. The
modules are individually clamped to the riser, so the design should ensure that they do not slide along the
pipe or damage it. Some bonded flexible pipes have integral elastomer collars at intervals along the pipe to
facilitate the attachment of ancillary devices. These collars are generally built and cured with the pipe.

4.4.6.2 The buoyancy module is comprised, typically, of an internal clamp and a syntactic foam buoyancy
element. A polymer casing (polyurethane, for example) provides impact and abrasion resistance. The internal
clamp bolts directly onto the flexible pipe, and the buoyancy element fits around the clamp. The buoyancy
element is generally in two halves that are securely fastened together. The density of the syntactic foam is
selected based on the specified water depth and service life. A typical density is 350 kg/m3 (21,8 Ib/ft3).
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Figure 15 — Example of a buoyancy module for wave configurations

4.4.7 Clamping devices

4471 Clamping devices can be used in flexible-pipe applications to connect ancillary components, such
as buoyancy modules, subsea arches, tethers and bend restrictors, to the pipe. In addition, bundle clamps can
be used to join several pipes together at discrete intervals, such as with piggy-back lines (Figure 16). The
main component of bundle and piggy-back clamps is a spacer device or body, which can be in two half
sections. The body is provided with cylindrical recesses into which individual lines are fitted. The assembly is
joined together with bolts or a set of circumferential straps. Alternatively, band straps may be used for static
piggy-back assemblies where they are needed only for installation.
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Key
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Figure 16 — Example of a clamp for piggy-backed flexible risers

4.4.7.2 Avoid excessive-eontact pressure. If high contact pressure is required, fit some type of protectlion
shell to digtribute the applied load. The clamp design should also ensure that there are no sharp edges that
can cause [local overbending of the pipe.

4.4.8 Riser andtether bases

4481 Riser bases are used to connect flexible risers to flowlines and can also be required to support
subsea buoy/arch systems (steep-S configuration). Tether bases are used only to anchor subsea buoy/arch
systems (lazy-S configuration).

4438.2 The riser base may be a gravity structure, a piled structure or a suction/anchor pad. Selection of a
gravity-based or piled structure depends on applied loads and soil conditions. Figure 17 illustrates a typical
riser-base structure. As an alternative, the flexible pipe can be connected directly to a manifold or a PLEM, in
which case the manifold or PLEM acts as the riser base.
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Figure 17 — Example of a typical riser base

4.49 Riser hang-off structures

9.1 The top connection of a flexible riser,can be hung off from the support structure (such as a

AMPLE 1 The riser is connected to topsides piping at pontoon level or hung off at upper-deck level inl an external
AMPLE 2 The riser is typically_pulled through an I-tube and hung off at the top of the I-tube in| an internal
¢ loading on the two hang-off structures is very different, with the internal connection subject oply to axial
9.2 Important” considerations in the design of riser hang-off structures are described in| 4.4.9.3 to
9

9.3 The main constraints in the design of the hang-off structure are load limitations, space |limitations,
and spoolpiece requirements.

4.4:9-4 he-dest weight of the
riser within the I-tube.
4495 The critical loading for some hang-off structures occurs during installation, when there can be a
significant pull-in load (including friction effects).

4.49.6 Overbending of the riser at a base of an I-tube is prevented by use of a bend limiter (bend
stiffener or bellmouth).

4497 The limiter is structurally supported by the I-tube, and can induce substantial loads on the I-tube,
which should be designed for all relevant loads. These loads can be significantly increased by the use of short
spool pieces (such as between a bend stiffener and the base of an I-tube), and this should be considered
during design of the I-tubes.
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4.49.8 Corrosion inhibitors are added, in some cases, to the seawater inside the I-tubes, which requires
the bottom of the I-tube to be sealed to prevent loss of inhibitor. If relevant, the design of the riser installation
and connection system should account for the requirement for sealing of the I-tube. Compatibility of corrosion
inhibitors in the I-tube with materials of the flexible pipe riser shall be verified.

Dimensions in millimetres (inches)

F—

|
|
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IR

——

Key

1 testport

2 flexriser

3 top of deck

4 anunulus bleed line

34
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Figure 18 — Example of a typical riser hang-off structure
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5 Pipe design considerations

5.1 General

Clause 5 elaborates and provides guidance on flexible-pipe design consistent with the requirements of
ISO 13628-2 and ISO 13628-10. Clause 5 addresses the following specific issues:

a) design process;

b) pipe structural-failure modes;

c) | design criteria;

d) | design load cases.
5.2 Design overview

5.21 General
In $.2.2 and 5.2.3 a general overview is outlined on the typical design process for flexible-pipe applications.
The¢ design process, however, is a function of the pipe application, andva distinction is made bg¢tween the
prgcesses for the design of the following two generic flexible-pipe applications:
a) | static (applies to static riser, flowline and jumper applications);

b) | dynamic or loading line (applies to dynamic riser, loading:line and jumper applications).

Design of the end fitting is also discussed in 5.2.4. The end fitting is considered an integral part of the pipe.

5.212 Static-application design

5.212.1 The main design stages for staticapplications are represented in flowchart form in Figure 19 and
arg as follows:

a) | Stage 1: Materials selection;

b) | Stage 2: Cross-sectign‘configuration design;

c) | Stage 3: System configuration design;

d) | Stage 4: Detail and service-life design;

e) | Stage 5: Installation design.

5.212.2 In’ Stage 1, the pipe-material selection is made based on internal environment (fransported

praduct)j functional requirements and material options. Materials compatible with the transported product are
selected. Clause 6 contains guidelines for material selection.

5.2.23 In Stage 2, the cross-section configuration and dimensions are selected based on the pipe’s
functional requirements and experience in the selection of the layer structure. Cross-section design
calculations and checks are typically carried out by the manufacturer using proprietary software that has been
validated with test data.

5224 Stage 3 involves selection of the system configuration. This is generally a straightforward task in
the case of a flowline, with the only complications typically being the design of the end sections and any
requirements to accommodate the relative movement envelope. However, thermal analysis, upheaval
buckling and stability analysis can dictate design requirements in certain situations.

5.2.2.5 Stage 4 includes the detailed design of ancillary components, as described in 4.4, and corrosion
protection. Service life analysis is also performed at this stage as it applies to the pipe and components.
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5.2.2.6 Stage 5 completes the design process and involves the selection and design of the installation
system, including vessel, equipment, methodology and environment conditions. Stage 5 requires detailed
global and local analyses to confirm the feasibility of the selected installation system. This stage, in the case
of flowlines, is in many cases critical for the pipe design, and it is therefore recommended that preliminary
installation analyses be performed at an early stage in the design process.

Material options, functional Stage 1
requirements, internal Select materials Materials
% environment selection

Structural options Select cross-section
% dimensions

H Pipe local analysis )

Stage 2

Functjonal requirements and Cross-section

design criteria

% Response not OK configuration
design
Response OK
Select pipe configuration
parameters
Guidelines, experience
% Static global and
local analysis
Sfatic load cases and Response not OK Stage 3
design criteria System
% configuration
Response OK design

C Configuration design

Design end fittings, stiffeners,
Furjctional requirements, corrosion protection,
% mdnitoring requirements monitoring provisions, etc.
Check service life Stage 4
Fatigue |wear, ageing, degradation Detail apfd
requirerpents and design criteria; se(;wgeq e
- esign
% [atigue load cases Service life not OK
Service life OK
Design/selection of installation
Instajlation data, guidelines, system (vessel, equipment,
% CAPCT ;UI 1T meﬂ:ﬂdﬂlﬂgy season)
Global and local
installation analysis
Stage 5
Installation load cases Y :
oad Installation
and criteria design
% Unfeasible installation

Feasible installation
C Final dynamic riser design )

Figure 19 — Static-application design flowchart
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5.2.3 Dynamic-application design

5.2.31 The main design stages for dynamic applications are represented in flowchart form in Figure 20,
and are as follows:

a) Stage 1: Material selection;
b) Stage 2: Cross-section configuration design;
c) Stage 3: System configuration design;

d) | Stage 4: Dynamic analysis and design;

e) | Stage 5: Detail and service-life design;
f) | Stage 6: Installation design.
5.213.2 In Stage 1, the pipe-material selection is made, as for a staticlowline, based ¢n internal

enyironment (transported product), functional requirements, and material_options. In this case| materials
corppatible with both the transported product and the dynamic service.'of’ the flexible pipe are selected
(Clause 6).

5.213.3 In Stage 2, the cross-section configuration and dimensions are selected and design dalculations
and checks are carried out as those for a static flowline.

5.23.4 Stage 3 involves selection of the system configuration. This task, for a dynamic risgr, involves
selecting a pipe configuration from available options, some*of which are shown in Figure 4. Some| guidelines
on [the selection of riser configurations are provided in(7.4.1. System configuration design also requires that
the| effect of ancillary components, such as concentrated or distributed buoyancy, be quantified at ttis stage.

5.23.5 Stage 4 involves the dynamic design of the riser or riser system. Typically, this considers the
dynamic response of the riser subject to a 'series of imposed loading conditions derived from the|functional,
enyironmental and accidental loads on the system. Other important issues to be addressed hg¢re include
pogsible interference with other system:components, top tensions, departure angles and curvatyires. Such
anglysis is typically performed using finite-element dynamic analysis software (8.2.3.3).

5.213.6 Stage 5 includes the“detailed design of ancillary components, as described in 4.4, and corrosion
pratection. Service-life analysis is also performed at this stage, as it applies to the pipe and cgmponents.
Clduse 7 gives guidelines onthe design of the pipe system and ancillary components.

5.213.7 Stage 6-installation design, completes the design process and is largely similar to the|equivalent
stape in static-flowline design. The complexity of the system installed for risers is generally gignificantly
greater than for-a-flowline.
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Figure 20 — Dynamic-application design flowchart
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5.2.4 End-fitting design

5.24.1 General

The design of the end fitting for flexible pipes is critical. In 4.3.5 the end fittings used for flexible pipes are
described, while Figure 8 shows a schematic of a typical unbonded-pipe end fitting. As a minimum, the end
fitting design should meet the requirements of ISO 13628-2 and I1ISO 13628-10.

5.24.2 Unbonded pipe

5.2[4.21 The end fitting design for unbonded flexible pipes should consider the potential,\pipe defects
ideptified in 13.3. Of particular relevance are high pressure, deep water and the potential for pull-out of the
intgrnal pressure sheath from the inner seal. Critical issues include the following:

a) | loss of plasticizer from internal pressure sheath;

b) | dimensional changes in sheath because of plasticizer loss and other phenomena;
c) | friction coefficient between seal and adjacent layers;

d) | creep and stress relaxation in the sheath material;

e) | thermal coefficient of expansion for the sheath material;

f) | variation of sheath-material properties over service life;

g) | requirement for multiple layers in the internal pressure’sheath;

h) | for vertical risers, potential support of the internal carcass by the internal pressure sheath during periods
when pipe is depressurized;

NOJTE Decompression results in no support ‘from the pressure armour, as depressurization results in [insignificant
friclional force between the sheath and the supported pressure armour.

i) | number and range of temperature cycles;

j) | cool-down rates during temperature cycles of the end fitting and the main pipe body;
k) | variations in polymer-material properties with temperature;

[) | armour-wire pdllsout;

m)| epoxy degradation;

n) | corrdsion;

o) nrassura-and tansion-ratainina canabilifyv:
Pf L SHet8RStoR-FetaHHhRg e

p) resistance to seawater ingress;
q) resistance to external-sheath pull-out during installation.

5.24.22 The design of the end-fitting internal crimping/sealing mechanism, for PVDF-based pipes in
particular, is critical for riser applications. The effectiveness of the seal can be reduced by large temperature
cycles, a high thermal-expansion coefficient, plasticizer loss or the use of a multiple-layer construction for a
PVDF internal pressure sheath. The end-fitting design should be verified with high-temperature cycling tests
(Annex A). These tests should be representative of service conditions, including thermal and dynamic loading,
and the effect of plasticizer loss as applicable. For new designs, the prototype tests of Clause 9 should also
be considered.
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5.2.4.3 Bonded pipe

The end-fitting design for bonded flexible pipes should consider the potential pipe defects identified in 13.3.
Issues of particular relevance include high pressure, deep water, the potential for pull-out of reinforcing cables
and loss of fluid-seal integrity. Critical issues include the following:

a) change of pipe body, particularly liner-material properties over service life;

b) dimensional changes in pipe body due to the highly elastic nature of pipe-body elastomer material;

C) bonding-of-liner-material lavers and-bonding-of linerto remainder-of flexible-nine bod\v:
~J J ~J Ll PA

d) reinfofcing-armour pull-out;

e) epoxy|degradation;

f)  corrosjon;

g) pressure- and tension-retaining capability;

h) resistgnce to seawater ingress;

i) integrated gasket integrity;

j)  crimpiphg over-pressure applied;

k) numbé¢r and range of temperature and pressure cycles;

I) incorppration of integrated bend stiffeners.

5.3 Faillre modes

It is important to design a flexible pipe with the.knowledge of the potential degradation and failure modes|for
the intended application. It is important to notejthat other modes of pipe degradation and failure possibly ¢an
be implicitlly provided for in design (such as through materials selection, see Clause 6) or are considered,|for
example, gs part of manufacture (Claus&:10) or handling, transportation and installation (Clause 11).

Tables 3 and 4 provide lists of pipe=failure modes that are explicitly provided for in typical unbonded- @nd
bonded-pige design, respectively, and identify relevant failure mechanisms and appropriate degign
strategies/$olutions. The design-Solutions shall, in all cases, meet the design criteria specified in ISO 13628-2
and 1SO 13628-10. A more complete, though not exhaustive, list of potential pipe defects for flowline and riser
applications is presented“in Tables 30 to 32. Furthermore, some of the modes identified in Table 3, Tabl¢ 4,
Table 30, Table 31 and"Table 32 are being addressed by continuing design improvements and are therefore
not necesdarily relévant to future pipe designs.
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Table 3 — Checklist of failure modes for primary structural design of unbonded flexible pipe

Pipe global Potential failure mechanisms SA Design solution or variables
failure mode to or (ISO 13628-2)
design against DA
Collapse 1) Collapse of carcass and/or pressure SA, DA | 1) Increase thickness of carcass strip, pressure
armour due to excessive tension. armour or internal pressure sheath (smooth-
bore collapse).

2) Collapse of carcass and/or pressure SA, DA |2) Modify configuration or installation design to
armours due to excess external reduce loads.
pressure.

3y Cottapseof tarcass and/or pressure SA DA T3 Addintermediate teak-proof steath (smooth-
armour due to installation loads or bore pipes).
ovalization due to installation loads.

4) Collapse of internal pressure sheath in | SA, DA [4) Increase the area moment of inert|a of
smooth-bore pipe. carcass or pressure armour.

Burst @ 1) Rupture of pressure armours because | SA, DA |1) Modify design, e.gcchange lay angle, wire
of excess internal pressure. shape, etc.

2) Rupture of tensile armours due to SA, DA |2) Increase wire thickness or select Righer-
excess internal pressure. strength material if feasible.

3) Add additional pressure- or tensilg-armour
layers:
Tepsile failure 2 [ 1) Rupture of tensile armours due to SA, DA | 1) Ingctease wire thickness or select higher-
excess tension. strength material if feasible.

2) Collapse of carcass and/or pressure SA, DA |2)) Modify configuration designs to refuce loads.
armours and/or internal pressure
sheath due to excess tension.

3) Snagging by fishing trawl board or SA; DA |3) Add two more armour layers.
anchor, causing overbending or tensile 4) Bury pipe.
failure.

Cdmpressive 1) Bird-caging of tensile-armour wires; SA, DA | 1) Avoid riser configurations that cause
failure excessive pipe compression.

2) Compression leading to upheaval SA, DA |2) Provide additional support/restraint for tensile
buckling and excess bending-(see also armours, such as tape and/or additional or
upheaval buckling failure mode, 7.3.4). thicker outer sheath.

Overbending @ | 1) Collapse of carcass and/or pressure SA, DA | Modify configuration designs to reducg loads.
armour or internal préssure sheath.

2) Rupture of internal pressure sheath. SA, DA

3) Unlocking-of.interlocked pressure or SA, DA
tensile-armour layer.

4) Cragkin/outer sheath. SA, DA

Torsional 1) Eailure of tensile-armour wires. SA, DA | 1) Modify system design to reduce torsional
failure @ loads.

2).Collapse of carcass and/or internal SA, DA |2) Modify cross-section design (e.g. dhange lay
pressure sheath. angle of wires, add extra layer outgide armour

3) Bird-caging of tensile-armour wires. SA, DA wires, etc.) to increase torsional cgpacity.

Fatigue failure [1) Tensile-armour-wire fatigue. DA 1) Increase wire thickness or select glternative
material, so that fatigue stresses gre
compatible with service-life requirgments.

2) Pressure-armour-wire fatigue. DA |2) Modify design to reduce fatigue loads.

Erosion Of internal carcass. SA, DA | 1) Modify material selection.
2) Increase thickness of carcass.
3) Reduce sand content.
4) Increase MBR.

Corrosion 1) Of internal carcass. SA, DA | 1) Modify material selection.

2) Of pressure- or tensile-armour SA, DA | 2) Cathodic protection system design.
exposed to seawater, if applicable.

3) Of pressure- or tensile-armour SA, DA |3) Increase layer thickness.
exposed to diffused product. 4) Add coatings or lubricants.

NOTE

@  Burst, tensile, overbending and torsional failure are not considered in isolation for final design of the flexible pipe.
See Tables 30 to 32 for defects important in end-fitting designs.
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Table 4 — Checklist of failure modes for primary structural design of bonded flexible pipe

Pipe global Potential failure mechanisms SA Design solution or variables

failure mode to or (ISO 13628-10)

design against DA

Collapse 1) Collapse of carcass due to excessive [ SA, DA [1) Increase thickness of carcass strip or pipe

tension. body (smooth-bore collapse).

2) Collapse of carcass due to excess SA, DA |2) Modify configuration or installation design to

external pressure. reduce loads.

3) Collapse of carcass and due to SA, DA |3) Increase the area moment of inertia of

installation loads.

4) Collapse of pipe in smooth-bore pipe.

Burst @ 1) Rupture of reinforcing armours due to | SA, DA |1) Modify design, e.g. change lay angle, cable

excess internal pressure. type, etc.
2) Increase cable thicknessor.select higher
strength material if feasible.
3) Add additional reinforcing-armour layers.

Tensile failyire 2 [1) Rupture of reinforcing armours due to | SA, DA | 1) Increase cable-thickness or select higher-

excess tension. strength material if feasible.

2) Collapse of carcass and/or pipe-body | SA, DA [2) Modify cotfiguration designs to reduce loafs.

sheath due to excess tension.

3) Snagging by fishing trawl board or SA, DA |3) Add two more armour layers.

anchor, causing overbending or 4) “Bury pipe.
tensile failure.

Compressiye 1) Compression leading to upheaval SA, DA-JAvoid riser configurations that cause excessive

failure buckling and excess bending pipe compression.

(see also upheaval buckling failure
mode, 7.3.4).

Overbending @ |1) Collapse of carcass or pipe body. SA, DA | Modify configuration designs to reduce loads.

2) Rupture of liner. SA, DA

3) Crack/tear in outer sheath. SA, DA

Torsional 1) Failure of tensile-armour wires. SA, DA | 1) Modify system design to reduce torsional

failure @ loads.

2) Collapse of carcass~and/or liner. SA, DA [2) Modify cross-section design (e.g. change |ay
angle of wires, add extra layer outside
armour wires, etc.) to increase torsional

3) Birdcaging-oftensile-armour wires. SA, DA capacity.

Fatigue failure [1) Tensile-armour-wire fatigue. DA 1) Increase wire thickness or select alternatiye
material, so that fatigue stresses are
compatible with service-life requirements.

2)—Pressure-armour-wire fatigue. DA |2) Modify design to reduce fatigue loads.

Erosion 1) Ofinternal carcass or liner. SA, DA | 1) Modify material selection.

2) Increase thickness of carcass.
3) Reduce sand content.
4) Increase MBR.

Corrosion 1) Of internal carcass. SA, DA | 1) Modify material selection.

2) Of pressure- or tensile-armour SA, DA |2) Modify cathodic protection system design.

exposed to seawater, if applicable.

3) Of pressure- or tensile-armour SA, DA |3) Increase layer thickness.

exposed to diffused product. 4) Add coatings or lubricants.

NOTE

See Tables 30 to 32 for defects important in end-fitting design.

@  Burst, tensile, overbending and torsional failure are not considered in isolation for final design of the flexible pipe.
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5.4.1 Unbonded flexible pipe

5.41.1 Introduction

5.4.1.11 The design criteria for unbonded flexible pipes are given in ISO 13628-2 in terms of the following:
a) strain (polymer sheath);

b) creep (infnrnnl pressure chnnfh);

c) | stress (metallic layers and end fitting);

d) | hydrostatic collapse (buckling load);

e) | mechanical collapse (stress induced from armour layers);

f) | torsion;

g) | crushing collapse and ovalization (during installation);

h) | compression (axial and effective);

i) | service-life factors.

5.41.1.2 These criteria are discussed further in 5.4.1.2yt0 5.4.1.10, in which some guidange on their
detfivation is given. Criteria are also introduced that provide for design against failure in addition to [the criteria
specified in ISO 13628-2.

5.4&1.1.3 The criteria specified by 1SO 1362872" apply to the materials currently used in flexible-pipe
applications. Where new materials are proposed-or used, the design criteria for the new materials gshould give
at |east the safety level specified in this part-of ISO 13628 and in ISO 13628-2. The design critgria should
conpsider all material characteristics, suchi-as susceptibility to such conditions as creep, fatigue,| excessive
st:Iin and cracking.

5.41.1.4 Simplified approaches_ exist for the approximation of pipe characteristics (axial, bgnding and
torgional stiffness, etc.) and for-calculating loads in the individual layers. These simplified methodologies may
be jused for preliminary compatison of design loads with design criteria. For final design calculationg, however,
it i necessary to use a verified (with prototype tests) methodology, as defined in ISO 13628-2.

5.41.2  Strain

5.41.21 A critical parameter in the design of the internal pressure and outer sheaths is the allowpble strain.
ISQ 13628-2 specifies allowable-strain values for the most commonly used materials. The allowable strain for
matterials noet explicitly provided for in ISO 13628-2 is specified by the manufacturer.

5.41.2.2 Allowable strains have been verified by material tests performed under relevant service and
aget tHors—A—safetyfactoristypicallyapphedtoresulisof-suchtesisto-derivethe—alowable strain of
the material over its service life, accounting for material ageing and degradation in the appropriate
environment.

5.41.23 ISO 13628-2 also provides for the calculation of MBR to prevent locking of the interlocked
pressure-armour wires.

5.4.1.3 Creep

5.4.1.31 Under normal service conditions, the internal pressure sheath creeps into gaps in the pressure- or

tensile-armour layer as a result of pressure and temperature effects. If the sheath is too thin or the gap too
large, the internal pressure sheath will creep until a failure (leakage) occurs. Creep of the sheath at the

end-fitting seal is also an important issue (see Table 5).
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Table 5 — Recommended allowable degradation for unbonded pipes

Component

Degradation mode

Recommendation

Carcass

1)

2)

Corrosion

Erosion

1)

2)

Limited corrosion acceptable provided
structural capacity and functional
requirements are maintained.

Same as for corrosion.

Internal pressure sheath

1)

Creep

Limited creep acceptable provided

structural capacity to bridge gaps

2)

Thermal/chemical degradation

Cracking

2)

maintained,
no cracks,

no locking of carcass or pressure-afmour
layers,

no leakage,
sealing maintained at-end fittings.

Capacity at design life remains within
specified usage factors with maximum gaps
between layers. No leakage allowed.
Increasedpermeation allowed if system Has
beendesigned for the increased level of
permeation. Important considerations are
increased damage rates (corrosion, HIC,
SSC) for armours and limits on
gas-venting-system capacity. Strain
capacity sufficient to meet the design
requirements of ISO 13628-2.

No cracking because of dynamic service.

Pressure apd tensile armours

Corrosion

Disorganizatier/or locking of
armouring\wires

Fatigue.and wear

Only general corrosion accepted; no crack
initiation acceptable.

No disorganization of armouring wires when
bending to minimum bend radius.

See 8.2.4.

Anti-wear layer

Wear

No wear through the thickness of the laye
over its service life.

=

Intermediafe sheath

Thermal degradation

Functional requirements are maintained.

Thermal ingulation

Thermal degradation

Insulation capacity is maintained equal tofor
above minimum specified value.

>

Outer shea}

General degradation

Radial deformation (loosening)

Strain capacity is sufficient to meet the
design requirements of ISO 13628-2.

No loosening that causes the
disorganization of armour wires or strain

Breaching

Taliure or outer sneath material.

No breaching allowed unless pipe design
under flooded annulus conditions can be
shown to meet the design requirements and
remaining service-life requirements.

End fitting and carcass/sheath
interface

Corrosion

No corrosion that results in reduction of
capacity, possibility for leakage, or damage
to any sealing or locking mechanism is
acceptable.
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5.41.3.2
factors that require consideration are material properties,
geometry, temperature and pressure. Two methodologies are currently used to determine the wal
required to prevent creep failure:

The design of the internal pressure sheath (wall thickness) should account for creep.
layer thickness, pressure- or tensile-armour

1:2007(E)

The main

| thickness

a) physical tests to determine the required wall thickness;

b) finite-element analyses, calibrated with gap span test data, to determine the required wall thickness.
5.4.1. 3 3 The creep design criterion specmed in 1ISO 13628 2 is based on both of these methodologies.
Thi k e under all
loaf

5.41.4  Stress

The design stress criteria (utilization factors) given in ISO 13628-2 were derived to_givé acceptably
safety against failure. These factors prescribe the maximum nominal applied stress as a propo

e factors of
tion of the

striictural capacity of steel materials. The utilization factors make implicit allewance for the pfesence of
resjdual wire stress.

NOJTE The published utilization factors relate to steel materials. No inferencecan be made about allowaple stress in
nevy materials based on these values.

5.41.5 Hydrostatic collapse

1.5.1  Utilization factors which relate to buckling of therinternal carcass under hydrostatic pr
spgcified in 1ISO 13628-2 as a function of water depth,owith a higher permissible utilization fact
safpety factor) allowed for deep-water applications. The'safety factor (the reciprocal of the utilizatio
related to the absolute, rather than relative, margin between collapse and design depth.

1.5.2 Hydrostatic collapse calculations-should be performed for both an intact outer she
ched outer sheath (such as seawater-penetration into the annulus), with the hydrostati

is below the required value, then it should be specified that sufficient internal pressure be ma
ent collapse (stich as by ensuring that the line is full of liquid at hydrostatic pressure). Alterr
impermeable intermediate sheath should be provided to ensure that the pressure armour pr
required collapse resistance.

1.5.4 . FPS 2000 [23] and Reference [34] contain recommended procedures for calcu
hydrostatic buckling load (collapse pressure) of a carcass. However, these procedures are for t

essure are
br (smaller
n factor) is

ath and a
c collapse
calculating

gelected by

installation

resistance
b-t0-design
intained to
atively, an
pvides the

lating the
he carcass

layerZalone. In pipe designs that include a pressure-armour layer, this layer assists the c3

rcass and

significantly increases the collapse strength of the pipe. When used, methodologies for calculating the
collapse strength (design water depth) of a flexible pipe with contribution from the pressure-armour layer
should be verified by documented prototype tests.

5.41.6 Mechanical collapse

5.4.1.6.1 The utilization factors that relate to mechanical collapse of the internal carcass due to excessive
tension are specified in ISO 13628-2 and are identical to the utilization factors for the tensile and pressure
armours.

5.4.1.6.2 The contribution of all supporting steel layers may be taken into account when designing against
mechanical collapse.
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5.4.1.7 Torsion

5.4.1.7.1 The flexible pipe should have a torsional strength sufficient to withstand torsional loads induced
during installation and service conditions without any structural damage. The torsional stiffness indicates the
resistance of a flexible pipe to rotation around its axis under a torsional moment and is a performance
characteristic of the pipe.

5.4.1.7.2 The maximum acceptable torsion derives from the following two scenarios, depending on the
direction of the applied torsion.

5.41.7.3 The outer tensile-armour layer is turned inward and presses against the internal layer (in which
case the allowable tension causes overstressing of the tensile armour) by inducing a stress corresponding to
its structurgl capacity (defined by ISO 13628-2 and multiplied by the utilization factor specified in ISO 1862§-2).

5.4.1.7.4 | The inner tensile-armour layer is turned outward and presses against the outer layers, /€ading to
a gap between the two tensile.armour layers, in which case, the damaging torsion induces a‘gap betwgen
tensile-armour layers equal to half the thickness of the tensile-armour wire. The allowable tersion for this case
should be ¢alculated from the damaging torsion using a safety factor not less than 1,0.

5.4.1.8 [Lrushing collapse and ovalization
5.4.1.8.1 | During conventional laying operations, the tension in the flexible pipe is generally controlled with a
tensioner ¢r with a laying winch. The load applied to the flexible pipe when-“tightening it in a tensionel or
unreeling/reeling the flexible pipe under tension (possibly over a V-shaped'sheave) shall be controlled to ajoid
sudden collapse (or significant ovalization) of the structure or overstressing of the metallic layers. The tendion
loads and [crushing effect on the structure during installation should\be accounted for in the design of fthe
flexible pipe.

5.4.1.8.2 | The feasibility of installing the flexible pipe with-the selected procedure should be evaluated
considering the following effects:

a) crushipg of the flexible pipe under radial compression in a tensioner;
b) crushipg effect on a laying pulley or sheave;

c) damaging pull of the flexible pipe at the top of the catenary.
5.4.1.8.3 | The collapse load should be calculated based on the resistance of the internal carcass and
supporting|pressure layers (pressure.armour and flat steel spiral), as applicable. The two following alternative
approachep, which have been\ _calibrated against full-scale tests, are recommended for the collapse
calculation
a) finite-glement analysis;

b) analyt|cal/empifical equations.

5.4.1.8.4 | The following load cases should be investigated, as applicable:

a) reelingfunreeling on a sheave of a flexible pIpe subjected to design maximum axial load,
b) radial compression in a tensioner of a flexible pipe subjected to design maximum axial load.

5.4.1.8.5 The minimum of the following two limits should then be taken as the design maximum allowable
installation tension.

a) The axial tension or radial compression in the flexible pipe should remain less than that which induces a
stress corresponding to the structural capacity of the pressure or tensile armours (defined by
ISO 13628-2 and multiplied by the utilization factor for installation, as specified in ISO 13628-2);

b) The effective tension or radial compression in the flexible pipe should be less than that which induces
mechanical collapse, multiplied by the utilization factor for installation, as specified in ISO 13628-2.
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5.4.1.8.6 In addition, the maximum permanent ovalization of the pipe for both installation methods should
be less than the value of initial ovalization used for hydrostatic collapse calculations (see 5.4.1.5).

5419 Compression

5.41.91 A flexible pipe can be subject to two types of compression: effective compression (negative
effective tension) and axial (true wall) compression. Effective compression causes increased deformations in
the pipe, while axial compression can potentially cause bird-caging in the tensile-armour layer. The behaviour
of flexible pipe under compressive load is based on the pipe temperature.

Tl 4 ol £ loadlo—b £ H & o lal o o Leaoli bl ol H fth
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flexible pipe system. If effective compression occurs, the following design criteria should be verified

a) | The effective compression should be less than that which causes the MBR criteria tolbe viplated (see
ISO 13628-2).

b) | Bar buckling of the pipe should not occur.

5.41.9.3 The maximum axial compression for an unbonded flexible pipe should be calculated af the value
which causes a gap between the tensile-armour wires and the underlying-layer equal to half the thickness of
the] armour wire. The allowable axial compression for stress and stability should be calculated from the
maximum axial compression using a safety factor not less than 1,0, and any axial compression ekperienced
by [he pipe should be less than the allowable. Tensile wire buckling‘analysis should also be conducted.

5.41.10 Service-life factors

In 8.2.4 is presented a more detailed discussion of service-life analysis, including fatigue calculations. The
criteria for fatigue calculations are specified in 1ISO 13628-2. Furthermore, permissible levels of degradation
shquld be defined for the service-life analysis. Recommendations on these are given in Table 5.

5.42 Bonded flexible pipe
5.42.1 Introduction
5.42.11 The design criteria forbonded flexible pipes are shown in ISO 13628-10 in terms of the|following:
— | strain (elastomer layers);

—| stress and load (reifforcement layers, carcass and end fitting);
— | hydrostatic colldpse (buckling load);

— | mechanical collapse (stress induced from reinforcement layers);

— | efushing collapse and ovalization (during installation);

— service-life factors.

5.4.21.2 These criteria are discussed further in 5.4.2.2 to 5.4.2.9, in which some guidance on their
derivation is given. Criteria are also introduced that provide for design against failure additional to the criteria
specified in ISO 13628-10.

5.4.21.3 The criteria specified by ISO 13628-10 apply to the materials currently used in bonded flexible
pipe applications. If new materials are proposed or used, the design criteria for the new materials should give
at least the safety level specified in this part of ISO 13628 and in ISO 13628-10. The design criteria should
consider all material characteristics, such as ageing, fatigue and excessive strain.
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5.4.2.1.4 Simplified approaches exist for the calculation of pipe characteristics (axial, bending and torsional
stiffness, etc.) and for calculating loads in the individual materials of the pipe (reinforcing cables, elastomer
body, etc.). These simplified methodologies may be used for preliminary comparison of design loads with
design criteria. A verified (with prototype tests) methodology as defined in ISO 13628-10 shall be used for final
design calculations.

5.4.2.1.5 Due to the composite nature of bonded flexible pipes, the verified design methodology should
account for interaction between metallic and elastomer components, and for load sharing between different
layers and components, in particular at and adjacent to the end fitting.

5.4.2.1.6
manufactufers. Some manufacturers use analytical or finite-element methods to account for the load shating
between the various components making up the bonded pipe. Others use standard analytical methods.deriyed
from geomjetrical considerations of the pipe in conjunction with empirical efficiency factors. The |efficiepcy
factors are|calculated based on prototype tests, for example burst and tensile tests.

5.4.2.2 Strain

5.4.2.2.1 | ISO 13628-10 specifies allowable strain values for elastomer layers as_a“maximum of 50 % of
design maximum strain for aged material. Due to the typically large strain capacity of elastomer materjals
used in thg manufacture of bonded flexible pipes, this design criterion is not necessarily as critical as it is|for
the thermoplastic materials used in the manufacture of unbonded flexible pipe

5.4.2.2.2 | ISO 13628-10 provides for the calculation of MBR to prevent,damage to the interlocked innef or
outer carcgss, if present.

5.4.2.3 Stress/load

The desigrn stress and load criteria (utilization factors) giveriin ISO 13628-10 were derived to give acceptdgble
factors of gafety against failure. These factors prescribe‘the maximum nominal applied stress or load ap a
proportion fof the structural capacity of steel materials-(defined by ISO 13628-10). The utilization factors make
implicit alldqwance for the presence of residual wirg stress.

NOTE The published utilization factors relate ta steel materials. No inference can be made about allowable stresg in
new materigls based on these values.

5.4.2.4 Hydrostatic collapse

5.4.2.4.1 Utilization factors that'relate to buckling of the internal carcass under hydrostatic pressure gre
specified i 1SO 13628-10 as a“function of water depth, with a higher permissible utilization factor (smgller
safety factpr) allowed for deep-water applications. The safety factor (the reciprocal of the utilization factor) is
related to the absolute, father than relative, margin between collapse and design depth.

5.4.2.4.2 | Analytical methods, if used for calculating collapse resistance, should be based on an assunmed
initial ovaligation;>This ovalization should be selected by the manufacturer, based on manufacturing tolerance
limits and fesidual ovalization from the installation process. A minimum ovality of 0,2 % should be used iff no
other data kexist

5.4.24.3 The collapse resistance for smooth-bore pipes should be calculated based on the resistance of
the pipe body, and standard analytical methods may be used. If the collapse-to-design ratio is below the
required value and if the pipe is not designed to be collapsible, then it should be specified that sufficient
internal pressure be maintained to prevent collapse (such as by ensuring that the line is full of liquid at
hydrostatic pressure).

5.4.2.4.4 The hydrostatic buckling load (collapse pressure) of a carcass should be calculated as per
FPS 2000 [23] and Reference [34].
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5.4.2.5 Mechanical collapse

See 5.4.1.6.

5.4.2.6 Torsion

See 5.4.1.7.

5.4.2.7 Crushing collapse and ovalization

Se¢ 5.4.1.8.

5.42.8 Compression

Se¢ 5.4.1.9.1and 5.4.1.9.2.

5.42.9 Service-life factors

In 8.2.4 is presented a more detailed discussion of service-life analysis,~including fatigue calculations. The

crit
(se

Table 6 — Recommended allowable degradation for bonded pipe

eria for fatigue calculations are specified in ISO 13628-10. Furthermodre; permissible levels of degradation
e Table 6) should be defined for the service-life analysis.

Component

Degradation

Recommendation

Ca

rcass

1

2)

Corrosion

Erosion

1)

2)

Limited corrosion is acceptable
provided structural capacity and
functional requirements afe
maintained.

Same as for corrosion.

Lin

er

1)

2)

Blistering, delamination

Thermal/chemical degradation

2)

No blistering, delaminatioh or
leakage paths because of gas rapid
decompression. Damage|due to
dissection process should be
ignored.

No leakage is allowed. In¢reased
permeation allowed if sysfem has
been designed for the incfeased
level of permeation. Limitgd
degradation acceptable provided
sealing is maintained at epd fitting in
addition to the above.

Re

inforced-layers

1

Corrosion

No corrosion that results in increase
in utilization of cables in rginforcing
layer to beyond allowable] values

2)

Fatigue and wear

shown in ISO 13628-10:2005,
Table 7, is allowed.

See 8.2.4.

Co

ver

1)

General degradation

Strain capacity is sufficient to meet
the design requirements of
1ISO 13628-10:2005, Table 7.

En

d fitting

1)

Corrosion

No corrosion that results in reduction
of capacity, possibilities for leakage,

or damage to any sealing or locking

mechanism is allowed.
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5.5 Load cases

5.5.1 General

5.5.1.1

The flexible pipe shall be designed to satisfy its functional requirements under loading conditions

corresponding to the internal environment, external environment, system requirements and service life defined
by the purchaser of the pipe.

5.5.1.2

All potential load cases for the flexible pipe system, including manufacture, storage, transportation,

testlng, |nstaIIat|on operatlon retrleval and acmdental events shall be deflned by the manufacturer in the

mal

and abnorinal loads for a 20-year service life. These can be changed for different service lives. The following
two load combinations should be considered, unless more specific data are available, when combining annual

a) 100-y

ar wave combined with 10-year current;

b) 10-year wave combined with 100-year current.

Table | — Recommendations on annual probabilities for installation, and normal and abnormal

operation for a 20-year servicelife

Type of
load 2

Service condition

Installation

Service

Normal service °

Abnormal service P

Functional

Expected, specified or
extreme value.

Expected, specified or
extreme value.

Expected, specified or
extreme value.

External erfjvironmental

Probability of exceedance
according to season and

duration of installation period.

Yearly probability of
exceedance > 1072.

Yearly probability of
exceedance between 102
and 1074,

method.

Possibility ¢f abandonment | If abandonment is possible, |The environmental load may | The environmental load mpy
the maximum weatherina |be reduced such that the be reduced such that the
period-three times the yearly probability of joint yearly probability of joint
expected installation occurrence is > 1072 if occurrence is > 1074 if
duration can be used. combined with an accidental |combined with an accidental

load. load.
If abandonment is — —
impossible, a more
conservative approach shall
be used or the duration of
the operation reduced to a
period where reliable
weather forecast is available
(typically hours).
Accidental As appropriate to installation | As appropriate to normal Individual considerations.

operation conditions, i.e.
annual probability > 1072,

Yearly probability between
102 and 104

b

@8  See ISO 13628-2 and I1SO 13628-10 for load combination requirements.

Yearly probabilities of 102 and 104 are equivalent to return periods of 100 years and 10 000 years, respectively.
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5514 The requirement to analyse load cases for an accidental event should be based on an assessment
of the probability of the event occurring. The accidental events typically considered for static applications
include impact from trawl boards and dropped objects. For dynamic applications, accidental events typically
considered include one or more mooring lines broken and partial loss of buoyancy. Furthermore, for dynamic
applications, consideration should be given to performing extreme-event load cases (such as events with
probabilities of occurrence equal to or less than 10~4) to assess the robustness of the design.

5.5.1.5 The load-case matrix constitutes the full set of loading conditions examined as part of the
structural analysis and design process. Specific load cases form inputs to five stages in the overall pipe

design, as follows:

5.5
dyr

cross-section configuration design (local analyses);

system configuration design (static global and local analyses);

dynamic analysis and design (global analyses for dynamic riser design only);
detail and service-life design (final local and service-life analyses);
installation design (global and local analyses).

1.6 Figures 19 and 20 illustrate the stages listed in 5.5.1.5 for the static flowline (or statig
amic riser (or dynamic jumper) design processes, respectively, and are discussed further in 5.5.

A
pri

allgwable tension and stability of dynamic motions) and to identify critical load combinations. Local

th
IS

5.512 Cross-section configuration design

Th
de
infd
exy
sul
car

5.5

5.5
unq
(pr
1S
1S

stages of the design process involve either global or local (cross-section) analyses of the flexiblg
ary objectives of the global analyses are to verify that the,main design criteria are satisfied (sug

performed to verify that these critical global load"combinations do not exceed the criteria g
13628-2 and ISO 13628-10.

results of initial local analyses (to.determine burst pressure, response to FAT pressure, MB
th, damaging tension, thermal properties, weight in seawater, drag-to-weight ratio, etq
rmation that can be compared with” design requirements (such as water depth and design pre|
erience to arrive at a preliminary cross-section design. This initial cross-section desig
sequently modified based ©on the results from the remaining stages in the design process. In g
be necessary to consider installation loads at the start of the design process for deep-water apq

3 System configuration design

3.1 Inputto this stage includes all static loads relating to the system design. The pipe i
er all functiohal, environmental and accidental loading combinations deriving from the internal e
pssure,_temperature, fluid composition) and the static components of the external environment
13628-2 and 1SO 13628-10. In this context, functional, environmental and accidental loads are
13628-2 and ISO 13628-10.

riser) and
P t0 5.5.6.

e pipe. The
h as MBR,
analysis is
pecified in

R, collapse
.) provide
ssure) and
n can be
articular, it
lications.

5 analysed
hvironment
defined in
defined by

3.2

5.5 Examples of the global-static-analysis load cases that form an input to this process include
thermal analysis, upheaval-buckling load cases (static flowlines only), on-bottom stability load cases (static
flowlines only), and/or static global-configuration load cases. Table 8 presents a typical example of the
global-static-analysis load cases relating to this stage of design. Local analyses are generally required only for
static applications in this phase of the design. The local analyses for dynamic applications are performed in
Stage 4 of Figure 20. Local analysis load cases for static applications should include all relevant test,
installation and operational load cases.
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EXAMPLES

Case A Design pressure, mean tension, bending to maximum expected curvature.

Case B No internal fluid, external hydrostatic pressure at maximum water depth, damaged outer sheath.

Case C Maximum axial compression.

Table 8 — Typical static global-analysis load cases — Operating conditions

Load cas

Descrintion Applicati
SCrip pplicati

pon

A

Global static analysis at design pressure, operating internal fluid, mean vessel offset, no DA
current.

Global static analysis at design pressure, operating internal fluid, 100-year return inline near DA
current, 100-year near-vessel offset.

Global static analysis at design pressure, operating internal fluid, 100-year return farcurrent, DA
100-year far-vessel offset.

Global static analysis at design pressure, operating internal fluid, 100-year return cross- DA
current, 100-year cross-vessel offset.

Thermal analysis. SA, DA

On-bottom stability analysis. SA

Upheaval-buckling analysis. SA

554 Dy

5.5.41

dynamic Ig
and accids
the functio

5.5.4.2

external er
dynamic a
terms of m
critical par
matrix dep

5.5.4.3
5.5.4.3.1

defined lo
contains a

namic analysis and design

Load cases for this stage relate only to dymamic riser (or jumper) applications and include
ads for the global system design. The pipe, is again analysed under all functional, environmen
ntal loading combinations deriving from the internal and external environment. For static des
nal, environmental and accidental loadsyare defined by ISO 13628-2 and ISO 13628-10.

All dynamic operational and accidental load cases typically combining static internal with dyna
vironmental conditions (suchtas' wave, current and riser top motions) are considered as part of
halysis. Sufficient load cases’ should be analysed to cover the complete envelope of responseg
otions and forces. Sensitivity studies should be performed to evaluate the effect of variations
ameters, including jnternal fluid, marine growth, wave periods, VIV effects, etc. The load-c
bnds largely on sitesspecific conditions.

Tables 9 and 10 illustrate elements of the recommended approach.
Table 9. contains an example sub-set of load cases for an FPSO/FPS application. Each of

hd cases would be analysed for different combinations of environmental conditions. Table
typical example of a global-dynamic-analysis load matrix for a set of “functional and environmen

operationa

all
tal,

an,

mic
the
b in
in
hse

the
10
tal”

load cases
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Table 9 — Example of dynamic load cases for FPSO/FPS applications

Load case | Load condition @ Load type Stress criterion ° .MB.R c Description
criterion

A Normal operation Functional 0,55 1,5 Operating internal fluid

and environmental Pressure armour conditions, intact mooring
system and 100-year
environmental conditions.
0,67 — —
Tensile armour

B Normarl operafion Functional, 0,85 1,25 No internal fluid, one
environmental mooring line.brgken and
and accidental 100-year.environmental

conditions.

C Abnormal operation Functional, 0,85 1,25 No'internal fluid, two
environmental mooring lines bfoken and
and accidental 10-year environmental

conditions.

@ | Regulatory or contractual requirements should define actual “normal” or “abnormal” operations.

b | The stress criterion is permissible utilization as a function of structural capacity.

¢ | The MBR criterion is a factor of safety on storage MBR.

5.514.3.2 Table 10 shows the use of regular wave analyses. Consideration can be given to [also using
irrggular sea analyses for complete design or design vefification. Generally, vessel-offset data is given as
maﬁimum values. If significant values are available, then these may be used for regular waveg analyses.
Makimum values should be used for irregular sea analyses. See 8.4.1 for guidance on analysis typegs.
Table 10 — Example of a dynamic load-case matrix — Normal operation —
Functional and environmental loads
Load-case matrix 2 °
Parameter
Near ¢ Near Fard Far Cross © Cross
Vater depth Min. MWL Min. MWL Max. MWL Max. MWL Max. MWL Max. MWL
Internal Operating Operating Operating Operating Operating Operating
pressure
essel draft Loaded Loaded Ballasted Ballasted Ballasted Ballasted
Vpssel offset f Near intact Near intact Far intact Far intact Cross intact Cross intact
Current Near Near Far Far Cross Cross
10-year 10-year 10-year 10-year 10-year 0-year
Regularwave Near Near Far Far Cross Cross
height 100-year 100-year 100-year 100-year 100-year 100-year
I\ 3U:CAI wWwave InV‘l;II;IIIUIII I'\ana/\;lllulll an‘l;ll;lll\Jlll :\ana/\;lllulll anAI;II;IIIMIII :\V aximum
height 9

Appropriate vessel motions shall be included in the load cases.

Similar matrices shall also be prepared for the load cases B and C in Table 9.

Near case has the environment and offset orientated along the plane of the riser toward the riser-seabed connection.

Far case has the environment and offset orientated along the plane of the riser away from the riser-seabed connection.

Cross case has the environment and offset orientated perpendicular to the plane of the riser.

Vessel offset includes installation tolerances. Intact refers to the mooring system condition.

The associated regular wave periods should be selected to capture peak riser response within the range of possible periods.

© 1SO 2007 — All rights reserved

53


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

ISO 13628-11:2007(E)

5.5.4.3.3 A set of load cases should be performed to evaluate potential interference between different
system components. Guidance on the issue of interference is shown in 7.4.2 and APl RP 2RD [4l. The load
cases should include normal operation (1-year and 100-year conditions) with relevant accidental loading
conditions.

5.5.5 Detail and service-life design

5.5.5.1 The final local-analysis load cases, for dynamic applications, are checked at this stage of the
design using loads that have been derived from previous global dynamic analyses. Local analyses should be
performed for aII crltlcal Iocatlons in the p|pe con3|der|ng Ioads calculated in the global analyses for all
relevant cqnditions C J v ormat-and-abrorma ration).
Typical examples of the Iocal anaIyS|s Ioad cases relatmg to this stage of deS|gn are as follows:

EXAMPLE
Case A Design pressure, maximum top tension from 10-year storm, pipe bent to operational MBR.
Case H No internal pressure, maximum top tension from 100-year wave, pipe bent to operational MBR.
Case ( Design minimum pressure, maximum axial compression.
5.56.5.2 Service-life calculations to be performed relate to the polymer degradation, to the corrosion of

metallic layers and to fatigue analysis (see Clauses 6 and 8). Unless the sfresses in the pressure and tengile
armours (Unbonded) and reinforcing cables (bonded) are below the endurance limit for all load caseq, a
fatigue anglysis is required. For the fatigue analysis, the pipe.is{ analysed under all fatigue-loading
combinatigns that are specified in the design premise. The combinations are derived from the intefnal
environmeht and the fatigue (typically sea-state) components of the eéxternal environment.

5.5.5.3 The number of sea-states analysed should be shown to be conservative. The selected sea-stgtes
should repfesent the wave-scatter diagram for the locationz, The wave-scatter diagram is generally divided into
a minimun] of five blocks, with the maximum sea-state ftom each block being used. Also, it can be necesdary
to perform the analyses for a number of directions, e.g) near, far and cross-loading.

5.5.6 Insfallation design

5.5.6.1 In this stage of the design.process, the flexible pipe is analysed to check the feasibility of the
proposed installation method. The load)cases should account for all relevant functional, environmental and
accidental Joads as applicable to the_installation method, vessel, season, test pressure, etc. Table 11 shows a
typical set pf installation load cases:

Table 11 < Example global-analysis load cases for installation conditions

Load casess Description
A Staticanalysis, field hydrotest pressure.
B@ Static analysis, installation internal-fluid conditions, maximum installation current, equivalent vessel offsqt.
ca Dynamic analysis, installation internal-fluid conditions, maximum installation current and exireme wave,

equivalent vessel offset.

Dynamic analysis, hydrotest pressure, maximum current and extreme wave at hydrotest conditions,

D a
equivalent vessel offset.

E Static analysis, post-installation plough operation.

a8  Typically performed for a number of loading directions, such as 0°, 45°, 90°, 135° and 180°.
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5.5.6.2 The load cases for riser systems should cover all phases in the installation process. For example,
in the case of a wave configuration, this can include analyses of the initial bare riser section, after buoyancy
modules paid out, and during final connection. The installation internal-fluid conditions should be in agreement
with the purchaser and defined in the design premise. Consideration may be given to flushing the lines with
seawater for normal or extreme environment installation conditions if the material of the innermost layer is
suitable.

5.5.6.3 A critical set of local installation load cases based on the results of the global analyses should be
selected. Table 12 shows an example set of local load cases. The results of these analyses should be
compared with the design criteria specified in 1ISO 13628-2 and ISO 13628-10 for installation conditions.
Additional criteria given in 54.1.8 and 5.4.2 of this part of ISO 13628 for crushing collapse and ovalization
shquld also be checked.

Table 12 — Example local-analysis load cases for installation conditions

Load cases Description
A Field hydrotest pressure, maximum top tension at hydrotest conditions
B Installation internal-fluid conditions, maximum installation top tension, installation MBR

cab [Maximum top tension, maximum radial compression over chdte or at tensioners

Da¢ | Maximum top tension, minimum radial compression fromtensioners

a Load cases C and D are used to check two critical load conditions for'vertical installation with tensioners.
Checks for potential collapse of the carcass.

€ Checks for slippage of the pipe due to insufficient friction bétween the outer sheath and the outer tensile-armour
layer (unbonded pipe only).

6 | Materials

6.1 Scope

Clduse 6 provides support for the .material requirements specified in 1ISO 13628-2 and ISO 13628-10 and
gives general guidance on material selection for flexible-pipe applications. Commonly used flexible-pipe
materials are identified and (their performance characteristics are given. Alternative materials, including
composites, are discussed. (Recommendations are given for fluid compatibility and ageing resistapce testing
of polymer/elastomer and metallic materials.

Dug to the complexity of the applications for flexible pipes, the guidelines in Clause 6 should be uged only as
a hasis for discussions between the purchaser and the manufacturer for each specific applicatjon. These
dispussions should also be based on the requirements in 1ISO 13628-2 and ISO 13628-10, which define
dethiled requirements for the qualification and use of polymer/elastomer materials in flexible-pipe dpplications
and the minimum property requirements for the materials.

— Unbonded pipe

6.2.1 General

6.2.1.1 In 6.2, the materials commonly used in the unbonded flexible pipe industry are identified and the
performance characteristics of these materials, such as allowable temperature ranges and fluid compatibility,
are presented in general terms.
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6.2.1.2 The characteristics identified for the various materials are possibly not appropriate for specific
applications because the suitability of a particular material is based several factors, including transported fluid
components, temperature, pressure and parameter variations over the service life (see 1SO 13628-2:2006,
Annex A, for a detailed listing of relevant parameters). The purchaser should, therefore, specify to the
manufacturer the design and operating values of all relevant parameters, including variations over the service
life, with reference to the requirements of ISO 13628-2.

6.2.1.3 The materials and their properties should be reviewed against potential failure modes so as to
identify the critical requirements of the materials in each layer of the pipe. A detailed list of potential failure
modes is given in Clause 13.

6.2.2 Polymer materials

6.2.2.1 (General

Table 13 lists the polymer materials typically used in unbonded flexible pipes. Typical thermioplastics used in
pressure gheaths are HDPE, XLPE, PA-11 and PVDF. Other polymers, such as PA-12,/have been used
occasionally. The manufacturer shall provide sufficient evidence that the use of alternative polymers complies
with this part of 1ISO 13628 and with 1SO 13628-2. PA-11 can be more suitable ,than HDPE for the olter
sheath in the case of higher-temperature or dynamic applications because of its_better abrasion and fatigue
characterigtics.

Table 13 — Typical polymer materials for unbonded flexible pipe applications

Layer Material type &b
Internal pressure sheath HDPE, XILPE, PA-11, PVDF
Intermediate sheaths HDPE, XLPE, PA-11, PVDF
Outer sheath HBPE, PA-11
Insulation ¢ PP, PVC, PU

@  MDPE may be used instead of HDPE.

b Designation systems for PA-11" and PVDF are shown in DIN 73378, 1SO 1874-1,
ISO 12086-1, and ISO 10931-1.

€ The insulation may be-solid material, foam or synthetic foam.

XLPE, a gpecial grade of PE;Zis achieved by a crosslinking process so as to improve the base matdrial
characterigtics. The crosslinking can be achieved by several proprietary methods. The products of any of
these methods shall be gualified by the flexible pipe manufacturers prior to use in the flexible-pipe products

PVDF is a[thermoplastic material with a rather high modulus compared to HDPE and to plasticized PA-11] In
addition, its elasticity is considerably lower than that of PA-11. Several ways exist to improve flexibility @and
elasticity siich“as addition of plasticizer, addition of a polymer modifier, addition of a PVDF copolymer, usg of
a copolymer-or a combination of any of these. It is necessary to take the specific issues of plastification, Ipss
of plasticizer and Tower flexibility info account in the pipe design. A critical issue with the use of PVDF is
sealing of the layer in the end fitting. In 5.2.4, guidelines are given for this issue.

Typical properties (operating temperature range, fluid compatibility and blistering characteristics) for the main
polymer-sheath materials (HDPE, XLPE, PA-11 and PVDF) are found in 6.2.2.2 to 6.2.2.4. The polymer
material properties and characteristics for many applications are interdependent. For example, the allowable
temperature range can be a function of the transported fluid or the blistering characteristics can be a function
of temperature and pressure.
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Table 14 shows guidelines for selection of polymers for flexible pipe applications based on a 20-year service
life. For detailed engineering, a validated ageing model is required to confirm the polymer service-life
requirements (see 6.5.3 and ISO 13628-2).

Table 14 — Guidance on temperature limits for thermoplastic polymers in flexible-pipe internal
pressure sheath applications based on 20-year service life

Polymer Minimum Maximum Water cut Comments
ot . fmits—2
temperature @ | temperature @
°C °C %

HDPE -50 + 60 0to 100 High tensile and impact_ ‘resistance at low
temperature.

XLPE -50 +90 0to 100 May be used for (high water-cut gpplications.
Maximum temperature is a function of operating
pressure, with.a ‘reduction in tempegrature for
pressures above.13,8 MPa (2 000 psi).

PA-11 -20 — 0 See API 17 TR2 for further guidance.

-20 0to 100
PVDF -20 +130 0to 100 The “material can be susceptible to crpck growth

depending on the initial defect size and s

ress level.

a
the

tha
chd
rel

This table shows only general limits and does not necessarily apply for specific applications. The temperature range
materials also depend on the components of the conveyed fluids:\For example, the maximum temperature for PA-11 is
lower with water cuts. Also, higher operating temperatures can he feasible for many polymers when the required design
h 20 years because higher temperatures typically accelerate-ageing. This point is not valid for all polymer materials, an
racteristics should be based on test data. Temperature,excursions above the maximum stated values may also be a
tively short durations with supplier acceptance.

5 for each of

significantly
ife is shorter
d the ageing
Cceptable for

6.2

Ta
cor

23

Fluid compatibility

ple 15 lists typical fluid compatibility characteristics for flexible-pipe polymer materials. Notg
hpatibility is highly dependent’ on temperature.

that fluid
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Table 15 — Typical fluid compatibility and blistering characteristics for flexible-thermoplastic-pipe

polymer materials

Polym_er General compatibility characteristics @ Blistering characteristics P ©
material

HDPE |Good ageing behaviour and resistance to acids, seawater and oil. Good blistering resistance at low

. . - I t t ly.
Weak resistance to amines and sensitive to oxidation. emperatures and pressures only
Susceptible to environmental stress cracking (environments include
alcohols and liquid hydrocarbons).

XLPE |[Good ageing behaviour and resistance to seawater, weak acids |Befter Dblistering resistance ,tfan
(dependent on concentrations and dosage frequency) and|HDPE, with positive results obtained in
production fluid with high water cuts. excess of 20,68 MPa (3 000.psi) gnd

. . . 60 °C (140 °F).
\Weak resistance to amines and strong acids (dependent on ( )
concentrations and dosage frequency) and sensitive to oxidation.
Less susceptible to environmental stress cracking than HDPE
(environments include alcohols and liquid hydrocarbons).
PA-11 [|Good ageing behaviour and resistance to crude oil. Good blistering resistance up |[to
. . . 68,95 MPa-/(10 000 psi) and 100[|°C
Good resistance to environmental stress cracking. (212 °F).
Limited resistance to acids at high temperatures; limited resistance | | imjted resistance against water, eden
to bromides. it. small quantities. The resistarce
Weak resistance to high temperatures when any liquid water<g [drops with dropping pH. See 6.5.5.5
for service life against temperature.
present.
PVDF ||High resistance to ageing and environmental stress cracking; Good blistering resistance up |[to
68,95 MPa (10000 psi) and 130[°C
(266 °F).
Compatible with most produced or injected well fluids at high —
temperatures including alcohols, acids, chloride ‘solvents, aliphatic
and aromatic hydrocarbons and crude oil.
\Weak resistance to strong amines, concentrated sulfuric and nitric —
acids and sodium hydroxide (recomménd'pH < 8,5).
@  The suitability of a material for a particular application should be verified by the manufacturer.
b Blisterilg characteristics are a function. of transported fluid, pressure, depressurization rate, temperature, and material grgde.
Generally, lower pressure values allow higher temperature values and vice versa.
¢ Providef values are for reference-use-only. Actual values should be confirmed by testing.
6.2.2.4 [Gas exposuré
6.2.2.4.1 Gas in-the transported fluid is an important consideration in material selection for the polymer
layers. Thg main(iSsues relate to blistering resistance and permeability of the material of the internal pressure
sheath; pefmeability characteristics of the outer sheath, however, will also be required. Table 15 lists typ|cal
blistering resistancecharacteristics forthemtermat-pressure sheathpotymer mmateriats:
6.2.2.4.2 The gas-permeation rate depends on many factors (see 8.2.2). The main issues to be considered

in relation to gas permeation are the transported fluid components to be evaluated (the main components
being CH,, CO,, H,S, and water vapour), their effect on the steel layers in the annulus (see 6.6), and the
gas-venting-system capacity.
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6.2.3 Metallic materials

6.2.3.1 General

Property requirements for metallic materials are listed in ISO 13628-2. These properties should be compared
with the requirements of each application, with reference to the critical failure modes identified in 13.3.

6.2.3.2 Carcass

6.2.3.2.1 Materials typically used for the carcass layer are as follows:

a) | carbon steel;

b) | ferritic stainless steel (AISI 409 and AlSI 430);

c) | austenitic stainless steel (AISI 304, AISI 304L, AlISI 316 and AISI 316L);

d) | high-alloyed stainless steel (Duplex UNS S31803);

e) | nickel-based alloys (such as N08825).

6.213.2.2 Material selection for the carcass is based on the internal fluid components and expe¢ted use of
the| flexible pipe. Important parameters to be considered are identified in' ISO 13628-2.

6.213.2.3 The material selected for the carcass shifts from 6:2.3.2.1 a) to 6.2.3.1.2 e) (carbon steel is used
for|non-corrosive environments while high-alloyed stainless steels are used for corrosive applicatipns) as the

and 316L
ecified for

erity of the internal fluid environment increases. The most commonly used materials are 304L
tenitic stainless steel. A high molybdenum contept&(2,7 mass % to 3,0 mass %) can be sf
| 316L material to improve its corrosion resistance characteristics.

5 are fluid
nclude pH,
vironments

3.24 The main parameters to be considered in the material selection for the carcas
perature, CO,, H,S, chloride and oxygen content. Other parameters that should be considered

It is important.that the hydrotest fluid be benign to the carcass material. As a minimum
| carcasses, dissolved oxygen should be removed from the hydrotest water, even for potable

s required,
e carcass.

for carbon
waters. In

ition, it can be~necessary to consider the use of a biocide and, for particularly aggressivgé cases, a

arbon stegl, with the
ed where Ithe design
requires very high strength and where the environment permits. Low- or medium-carbon-content steels are
used for sour-service environments. Not all wires, however, meet ISO 15156-1 sour-service requirements. For
sour-service environments, the steels may also be heat-treated (quenched and tempered).

6.2.3.3.2 Chemical composition of the steel material for both the pressure and tensile armours should be
reviewed to confirm suitability for the specified application. Other important issues are manufacturability,
weldability, sour-service requirements, conformance to specified structural capacity and compliance with
ISO 13628-2 requirements. Important components for specification and control include carbon, manganese,
phosphorus, sulfur, silicon and copper. The manufacturer’'s material specifications should define content limits
for these components and distinguish between sweet- and sour-service applications. For some applications,
consideration should also be given to minimizing the manganese content and performing calcium treatment of
the melt.
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6.2.3.3.3  Wire weldability should be verified by conducting tests with defined and documented acceptance
criteria. For evaluation of material weldability, the maximum carbon equivalent content should be specified
when no post-weld heat treatments are performed. The maximum carbon equivalent, CE, expressed in mass
percent, may be defined by equations similar to Equation (1):

CE-C+ Mn Cr+Mo+V N Cu+Ni (1)
6 5 15

where the symbols for the chemical elements represent the mass fraction expressed in percent.

NOTE A derogation from the ISO rules for the presentation of chemical equations has been granted for Equation (1)
in deferencg to the longstanding use of this formulation in the industry.

6.2.4 End fittings

6.2.4.1 The materials typically used for the primary metallic end-fitting components are-AlS| 4130 stee] or
alloyed stginless steel (Duplex or 6Mo). The corrosion-resistant coatings typically usedcfor the end fittings
include the following:

a) electrglysis nickel plating, thickness at least 75 uym (0,002 9 in);
b) Incongl 6253) inlay, thickness at least 3 mm (0,12 in);

C) epoxy|coating systems;

d) fluoropolymer coatings.

6.2.4.2 The material and corrosion-coating selection for the end fitting is a function of the application), in
particular, the internal and external environmental conditions. End-fitting materials and coatings should mieet
the requirgments of ISO 13628-2.

6.3 Materials — Bonded pipe

6.3.1 General

6.3.1.1 In 6.3, the commonly used’ materials in the bonded-flexible-pipe industry are identified and the
performange characteristics of these-materials, such as allowable temperature range and fluid permeability,
are presenfed in general terms~The elastomer materials are identified by their primary elastomeric component,
for example, NBR. While the“primary component is given, the recipe or mix used is, in general, specifi¢ to
each company and not usually released to second parties.

6.3.1.2 The characteristics identified for the various materials for specific applications are perhaps not
appropriat¢ because the suitability of a particular material is dependent on a large number of factors, including
transported fluid>components, temperature, pressure, compound mix and parameter variations over fthe
service life] (see.ISO 13628 10: 2005 Annex A). The purchaser shouId therefore specify to the manufactL rer
the designLand ope i
reference to the reqwrements of ISO 13628 10

6.3.1.3 The materials and their properties should be reviewed against potential failure modes so as to
identify the critical requirements of the materials in each layer of the pipe. A detailed list of failure modes is
given in Clause 13.

3) Inconel is an example of a suitable product available commercially. This information is given for the convenience of
users of this part of ISO 13628 and does not constitute an endorsement by ISO of this product.
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6.3.2 Elastomer materials

6.3.2.1 General

Table 16 lists the elastomer materials typically used in bonded flexible pipes. These elastomer materials
constitute approximately 40 % to 65 % of the final compound mix, with carbon black, antioxidants, activators,
plasticizers and curing agents making up the remainder amongst other ingredients. The final properties of the
rubber compound are dependent on the final mix of all ingredients. For example, the higher the carbon black
content in a compound mix, the lower the electrical resistance will be in addition to a generally higher tensile
strength (although the structure and size of the carbon black particles also play a significant role). NBR is
extenstvely-vused-a inermateriat-bec e-of-itstowp abitity-to-gas—stehasN>ant-Ox- rever, NBR
is i{self dependent on the percentage of acrylonitrite in the elastomer. This is usually 17 % to 50-%. [The higher
the] acrylonitrite content in the NBR, the higher the heat- and oil-resistance and the lower thé elasticity of the
majterial at low temperature.

is a typical elastomer used for bonded-pipe covers. Its characteristics make itysuitable for p relatively
ly abrasive environment where it can be exposed to both seawater and ozone;

Typical properties (operating temperature range, fluid compatibility and fluid permeability) fol the main
elaptomer materials are found in 6.3.2.2 to 6.3.2.4. As each rubber compound material is made up of an
elaptomer material and several other materials, the properties, therefore,vary with mix type. In dddition, for
most applications, the elastomer-material properties/characteristics @re interdependent. For example, the
allgwable maximum operating temperature can be a function of thedransported fluid.

An| API Technical Bulletin[®] has been developed by a jeint industry project. The document| describes

deyelopment of test plans to evaluate the suitability of candidate polymers for high-temperature sgrvice. Also
defined is a set of evaluation criteria for material qualification.

Table 16 — Typical elastomer materials for bonded-flexible-pipe applications

Application Material
Liner NBR, HNBR, CR, NR, EPDM
Cover CR, CPE
Filler Various
Insulation PVC, PE, closed-cell foam, glass fibre

6.312.2 Temperature

6.312.21 Table 17 contains guidelines for the selection of elastomers for bonded-flexible-pipe applications.
These guidelines consider a relatively benign transported fluid.
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Table 17 — Temperature limits for thermosetting elastomers in a bonded-flexible-pipe-liner application

Elastomer

Brittleness Maximum Comments
temperature continuous
operating
temperature

°C (°F) @ °C (°F)?

NBR

—-20to+40 125 (257) Properties dependent on acrylonitrile content. Excellent resistance

(-4 to+104) hydrocarbons. Very good tensile strength and dynamic properties. Good
impermeability and heat resistance. Poor resistance to weather and

to

ozone.

HNBR

—-40to + 50 150 (302) Good resistance to hydrocarbons. Very good tensile strength &
(- 40 to +122) dynamic properties. Good impermeability and very good resistance
weather and ozone.

CR

—-30to+40 100 (212) Reasonable resistance to hydrocarbons. Good tensile strength 3
(-22to + 104) reasonable dynamic properties. Good impefmeability and h
resistance. Very good resistance to weather and ozone.

@  This tay
also depend
as much as
maximum st

le shows only general limits and may not apply for specific applications. The temperature ‘ranges for each of the mater
on the components of the conveyed fluid. For example, the maximum operating temperature for NBR may be reduced
PO °C (68 °F) if the transported fluid contains a relatively large percentage of aromatics. Temperature excursions above
hted values may also be acceptable for relatively short durations with supplier acceptance.

als

by
the

6.3.2.2.2
detailed en

6.3.2.3
Table 17 [i

NOTE

6.3.2.4

6.3.2.4.1
layers if th

issues reldte to the blistering resistance and continuing curing of both the pipe liner and the remainder of

pipe body.
used in un
tearing res
is that the
carcass ar
alone sugg
because s

A validated ageing model is required to confirm the elastomer service-life requirements
gineering; see 6.5.3 and ISO 13628-10.

Fluid compatibility
5ts typical fluid-compatibility characteristics for'bonded-flexible-pipe elastomer materials.

Fluid compatibility is highly dependent on temperature.

Gas exposure

It is necessary to take gas exposure into consideration in material selection for the elastor
e bonded flexible pipe_is-used for service in which the transported fluid contains gas. The m

In general, elastomer materials are more susceptible to blistering than thermoplastic mater
bonded pipe applications. This is attributed to the relatively higher permeability to gas and lo

for

ner
ain
the
als
ver

stance of elastomer materials over thermoplastic materials. A mitigating factor used by the indu
ponded flexible pipe, made up of elastomeric materials, is supported by an internal steel stripwo

increased

lobal riser stiffness.

5try
nd

d so thelliner is not quite as susceptible to blistering as small-scale test results on the elastomer
est. Bonded-pipe bodies exposed to H,S can experience continuing curing in field applicatigns,
LIfuris a cross-linking agent for many elastomers. This can result in reduced local flexibility and

6.3.2.4.2

62

The gas permeation rate through the elastomer material is dependent on many factors including
internal and external pressure, surface area, liner thickness and permeability coefficient. The main issues for
consideration in relation to gas permeation are the propensity for blistering to occur under rapid
decompression, the likelihood of the permeation of the transported fluid components through the body of the
pipe and their effect on the elastomer and steel reinforcing layers.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

6.3

6.3

ISO 13628-1

.3 Metallic materials

3.1 General

1:2007(E)

Property requirements for metallic materials are listed 1SO 13628-10. These properties should be compared
with the requirements of each application, with reference to the critical failure modes identified in 13.3.

6.3

6.3

3.2 Carcass

.3.21 Materials typically used for the carcass layer are as follows:

6.3
exf

6.3
shi
hig
AlS
sp4

6.3

tenperature, and CO,, H,S, chloride and oxygen content. Other parameters that should be

INC

carbon steel;

ferritic stainless steel (AISI 409 and AISI 430);

austenitic stainless steel (AISI 304, AISI 304L, AISI 316, AISI 316L);
high-alloyed stainless steel (such as Duplex UNS S31803);
nickel-based alloys (such as N08825).

3.2.2 The selection of the material for the carcass is dependent’ on the internal fluid comp

3.2.3 As the severity of the internal fluid environmentiincreases, the material selected for t
ts from 6.3.3.2.1a) to 6.3.3.2.1¢), i.e. carbon steel-is used for non-corrosive environm
h-alloyed stainless steels are used for corrosive applications. The most commonly used ma3
I 304L and AISI 316L austenitic stainless steel., A-high molybdenum content (2,7 % to 3,0 9
cified for AISI 316L material to improve its corrosion-resistance characteristics.

3.24 The main parameters to be conmsidered in the selection of the carcass materig

ude pH, water, free sulfur and mercufy content of internal fluid. In sour-service environments, {

6.

6.

6.3

erial should meet the requirements of ISO 15156-1 [25].

3.2.5 If the transported fluidhis oxygenated (aerated), for example by seawater injection, ang
quired, consideration can be given to using non-metallic material (such as polymers or compos

3.2.6

The hydrotest fluid should be benign to the carcass material. As a minimum for c

bnents and

ected use of the flexible pipe. Important parameters to be considered are identified in ISO 13628-10.

he carcass
ents while
terials are
©) may be

| are fluid
considered
he carcass

a carcass
tes) for the

arbon-steel
In addition,
hibitor.

bon steel.

3.3.2

Chemical composition of the steel material for the reinforcing layers should be reviewed to

confirm suitability for the specified environment. Other important issues are sour-service requirements,
conformance to specified structural capacity and compliance to ISO 13628-10 requirements. The effect of the
enclosing rubber should be considered in determining suitability.

6.3.3.3.3 Important components for specification and control include carbon, manganese, phosphorus,
sulfur, silicon and copper. The manufacturers’ material specifications should define content limits for these
components. Consideration to minimizing the manganese content and performing calcium treatment of the
melt is recommended for some applications.
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6.3.4 End fittings

6.3.4.1

The materials typically used for the primary metallic end-fitting components are AlSI 4130 stee

| or

alloyed stainless steel (such as duplex, 6Mo). The corrosion-resistant coatings typically used for the end
fittings include the following:

a) electrolysis nickel plating, thickness at least 75 pm (0,002 9 in);

b) Inconel 625 inlay, thickness at least 3 mm (0,12 in);

C) epoxy

d) fluoropolymer coatings;

e) zincc

6.3.4.2
particular,

the requirgments of ISO 13628-10.
6.4 Alternative materials

6.4.1 Aldminium

6.4.1.1

including cprcass, pressure-armour and tensile-armour layers. Aluminium’s main advantage is that, compa
to steel, it gives a mass saving of between 30 % and 60 % for the.same strength characteristics.

6.4.1.2

applications. Other important issues to be addressed.include abrasion and wear resistance, SSC and |

resistance

6.42 Co

6.4.2.1

For flexible pipes, composite materialsyare currently only used for the replacement of carbon steel in
tensile-armour layers. Consequenfly; in 6.4.2.2 to 6.4.2.13, only this particular use of composites
flexible-pipe applications is considered.

6.4.2.2

to 0,24 in)
be 1 mm t
Alternative]

6.4.2.3
steel, inclu

coatina svstems:
J J 7

bating.

The material and corrosion-coating selection for the end fitting is a function of the application
the internal and external environmental conditions. End-fitting materials andceoatings should m

Aluminium material may be used to replace steel in any of\the structural layers of the flexible p

The corrosion behaviour of aluminium shall be-evaluated carefully prior to its use for flexible-p

fatigue and welding.

mposite materials

Composites are materials intwhich a reinforcing fibre is combined in a resin matrix and cun

The steel tensilesarmour wires used in unbonded flexibles are typically 3 mm to 6 mm (0,1
thick and aresmeéchanically preformed to a helical structure. The composite armour wires n
b 2 mm (0,04%n to 0,08 in) thick and helically wound in several layers per equivalent steel lay
y, they may'be the same thickness as the equivalent steel armour layer [up to 8 mm (0,31 in)].

Caomposites offer a range of beneficial properties for the tensile-armour wires when compared

L in
eet

pe,
red

ipe
1IC

ed.
the

D in
hay
er.

to

ding the following:

a) high strength-to-mass ratio;

b) good fatigue resistance (not notch sensitive);

c) goodi

mpact resistance and toughness (material dependent);

d) immunity to corrosion and degradation by most oil field chemicals and seawater;

e) high stiffness or modulus (in one direction).

NOTE

64

These characteristics are highly dependent on the composite resin and reinforcing fibres.
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6.4.2.4 The main potential for use of composite-based tensile-armour flexible pipes is in deep-water
applications, where the mass reduction can be significant compared to steel-based tensile-armour pipes
(density of composites is approximately 25 % that of steel). In addition, there is potential for use of composites
in high-pressure, sour-service applications. Service-life determination is an evolving technology for
composites and currently limits their application.

6.4.2.5 The reinforcing fibres used in composites include E-glass, carbon and aramide fibres. The
glass-fibre composite is more economical than the carbon fibre material. The carbon-fibre material, however,
has more favourable strength properties and characteristics. For both glass and carbon-fibre composites, the
reinforcing fibres are orientated parallel to the wire longitudinal axis. The matrix materials used include epoxy

andLvinyl-ester resins, and thermoplastic polymers

6.42.6 Some of the main considerations when using composites are described in 6.4.2.7{0.6.4
6.42.7 Potential wear problems between armour layers and between individual armour wires

subject to relative motion and high contact pressure, should be addressed.

6.42.8
ide

Influence of defects on composite wire performance should be asséssed. It is ne
htify and access failure mechanisms.

6.42.9
tes

Effective anchoring of the composites in the pipe end fittingZshould be confirmed w
s. Join-up procedures for the individual composite wires should be gvaluated carefully.

6.42.10 Experiments should be performed to characterize) the effects of permeated fl
fibre-matrix interfaces in the composites. The susceptibility ‘@f glass-fibore composites to stres
cracking in seawater should be investigated. The potential _for galvanic corrosion in carbon-fibre
shquld be determined. The use of glass-fibore composites, in water at high temperatures is limited

be |verified by testing.

6.42.11 The structure of the composite after having been subjected to relevant loads and eny
conditions should be determined by scanning"electron microscopy, which can be used to
migrocracking and delamination.

6.42.12 Normally, composite wires ate preformed during wire fabrication rather than during wi
the| pipe. This process can induce reduction of performance properties (e.g. ay) compared to the
wirg properties, and should be checked by testing. Bending stresses are induced when the materi
on [to the pipe if the composite~wire is not preformed. The reduction in performance should be eV
anglysis and testing becausé of these additional bending stresses.

}.2.13.

which are

cessary to

th suitable

uids upon
5-corrosion
omposites
and should

ironmental
determine

nding on to
on-formed
| is wound
aluated by

6.42.13 CompositeCmaterials should be qualified in the final processed state, under test|conditions
representative of theCactual operational conditions. The manufacturer and purchaser should agree [on the test
prgcedures, with.reference to applicable International Standards. The following properties and characteristics
shquld be determined for composite materials in flexible-pipe applications:

a) | tensile-strength and elongation;

b) | tmedulus of elasticity;

c) density;

d) fatigue properties, including endurance limit (tensile, flexural, and fretting fatigue);

e) creep characteristics;

f)  fracture resistance;

g) ageing characteristics (reduction of material properties with time);

h) microbial (bacterial) degradation;
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i) Poisson’s ratio;
j)  wear and abrasion resistance;

k) chemical resistance (to corrosion inhibitors, etc.).

6.4.3 Aramide fibres

6.4.3.1 A potential alternative material for flexible pipes is synthetic fibres, such as aramide. These fibres
can be used to replace the steel armour layers, giving significant mass reduction and potentially improved
performance_in sour-service applications. In addition, aramide fibres have the following positive characteristics
for flexible{pipe applications:

a) no corfosion;

b) good ¢hemical resistance to most production fluids;

c) good fatigue properties;

d) good ¢reep properties;

e) low temperature sensitivity.

6.4.3.2 Areas of concern for the use of aramide fibres include the following:
a) time ahd temperature dependency of mechanical properties;
b) termination in the end fittings;

c) ageing characteristics (UV sensitivity);

d) non-isptropic behaviour;

e) static and dynamic bending flexibility requirements;

f)  notch gensitivity;

g) environmental-stress-cracking resistance.
6.5 Polymer/elastomer test procedures

6.5.1 General

ISO 136282 and 1SO43628-10 specify material property requirements and test procedures. Standard
procedureg are unavailable for polymer/elastomer fluid-compatibility and ageing-resistance tests. Therefore,
procedureg are .not’ given in 1SO 13628-2 and I1SO 13628-10. In 6.5.2 to 6.5.4, guidelines &nd
recommenfations-for performing these tests are given.

6.5.2 Fluid-compatibility

6.5.2.1 ISO 13628-2 and ISO 13628-10 contain general requirements for the performance of fluid
compatibility tests and identify critical parameters for evaluating compatibility. In 6.5.2.2 and 6.5.2.3,
recommendations on the test procedures are given.

6.5.2.2 Laboratory tests with extruded samples of the polymer or calenderized or extruded samples of the
elastomer can be used to determine gross incompatibility. Tests should be based on the design conditions,
subject to the following recommendations:

— test fluid contains components of design internal fluid that possibly have adverse effects on the polymer,

in particular seawater, production fluid, H,S, CO, and injection chemicals, and it is necessary that the pH
of the fluid be controlled to design conditions;
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maximum operating temperature as a minimum;

ambient pressure for liquids and design pressure or greater for gases;

minimum exposure time of 300 h for accelerated tests (increased temperature);

equipment, and the sample should be immersed in all phases if the test fluid is multi-phase;

1:2007(E)

stress conditions zero, and if there is potential for stress cracking, also a test at maximum design strain;

sample thickness should be at least 3 mm (0,12 in), sample length should be based on the test

critical parameters and acceptance criteria should be established based on the polymer/elast
evaluated and the particular application; tensile strength, elongation, visual appearance
absorption (mass gain) and desorption (mass loss) parameters should be") eons
evaluation/measurement.

A ]
iss
20

P 000 h test at operating temperature can give an idea of whether there are any crucial inc
les, but might not be sufficient for a qualification of a thermoplastic material-with a required
years or more.

6.5
the
ela

2.3 Sulfur can be liberated from H,S reacting with steel components’or the elastomer cor
bonded pipe to cause cross-linking and hardening. The effects of the'released sulfur on either
stomeric components should be evaluated.

6.5.3 Ageing test

6.5.3.1 Ageing of elastomer/polymer material is an irf€versible process that occurs when the
exgosed to particular environmental conditions. Polymer/elastomer ageing is dependent or
tramsported in flexible pipes, on temperature, pressufe and external conditions, such as UV rad
ageing process is characterized by a change in properties, such as a reduction in strength or du
emprittlement or softening. In addition, the physical properties of the polymer/elastomer can be s
altgred by the migration of plasticizers.

6.53.2 ISO 13628-2, ISO 13628-10; ;and API Technical Reports 17 TR1 and 17 TR2 contz
requirements for the performance of ageing tests and identify critical parameters for the most comr
polymers. The objective in performing ageing tests is to develop satisfactory ageing prediction and
models, which may include Arrhenius plots. This gives the material service life as a function of the
temperature, plotted on a log-linear scale. Some materials (such as PA-11) have been found t
amenable to the development of Arrhenius plots than other materials (such as PVDF). Arrheniu
useful to extrapolate accelerated high-temperature ageing tests to lower temperatures and longer
is particularly true whenthere is no change in ageing mechanism or any kind of phase transitio
tenmperature range.considered.

6.5
giv

3.3 An-Arrhenius plot defines an exponential decay mechanism for the critical exposure tin
En value ©f temperature, 7, using Equation (2):
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crit’

La
loht = Ae RT

(2)

where
A is a constant;

is the Neper number, equal to 2,7182;

is a constant reflecting the activation energy for the chemical process underlying degradati

is the temperature;

is the universal gas constant.
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6.5.3.4 The ageing criteria should be established prior to test start-up. The ageing criteria should be
based on measurable performance properties at the end of the pipe’s service life.

6.5.3.5 Figure 21 illustrates a plot of estimated PA-11 lifetimes in hydrocarbon/water exposure. The plot
is based on data measured at temperatures above 100 °C (212 °F) and extrapolated down into the application
temperature range. For PA-11 in dynamic flexible-pipe applications, the flowing fluid temperature has been
used for ageing evaluations. In some static applications where the pipe is not expected to be subjected to
significant alternating strains, the mean temperature of the internal pressure sheath, based on the radial
temperature distribution, has been used.

6.5.3.6 The ageing process for PA-11 is strongly influenced by the water content and pH of the
transported fluid. Figure 21 shows two curves, one for hydrocarbon saturated with water and the other|for
hydrocarb@n unsaturated with water. Current experience indicates that ageing in hydrocarbon/water gxposure
above satyration is very similar to the “saturated” curve and, therefore, this curve may be used for |all wager-
cut values|that reach saturation of the hydrocarbon at the production conditions. Similarly, the “unsaturated”
curve may|be used for all water-cut values that do not reach saturation at the production conditions. It has
been sugggested that the transition can occur at about 80 % saturation.
6.5.3.7 The design life can be read directly from Figure 21 where the transported-fluid temperature is
constant oyer the service life of the pipe, unless API 17 TR2 recommends more_appropriate ageing curyes.
The degradlation over the total service life for varying temperatures and water cuts’should be calculated byl an
integration|of the exposure periods at the different temperatures and water cuts;
Y i
1000 T -
100 4 B
10 Enmn=NEUNE S 1
1 [T >
4p 50 60 70 80 90 100 X

—t 1

——— 2
Key
X temperature, expressed in degrees Celsius
Y design life, expressed in years
1 hydrocqdrbon saturated with water
2 hydrocarbon unsaturated with water

Figure 21 — PA-11 service life in hydrocarbon/water exposure versus temperature
(extrapolated data at a pH of 7)

6.5.3.8 This Palmgren-Miner cumulative damage type approach is believed to give a conservative

estimate of design life.
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6.5.4 Epoxy shear-strength test

6.5.4.1 The epoxy shear-strength test is intended as an alternative to the ASTM D695 or ISO 604
compressive-strength test in determining the shear capacity of the epoxy resin used for anchoring the
reinforcing cables in some bonded-pipe end fittings.

6.5.4.2 ISO 13628-10 contains general requirements for the performance of epoxy shear-strength tests.
In 6.5.4.3, recommendations on the test procedures are provided.

6.5.4.3 The epoxy shear-strength test involves testing cured epoxy samples by shearing the sample at
different temperatures, ’rhnrnhy nhfstining the fnmpnra’rllrn-dnlnnnrlnn’r shear r\apsmif\ll of the material. Tests

shquld be based on operating conditions, subject to the following recommendations.

a) | Sample size should be based on the test equipment and a minimum of three samples per t¢mperature
should be tested.

b) | Sample should be tested at both minimum and maximum operating temperaturg”and at sufficient close
temperature intervals in between to satisfactorily define the shear-strength/temperature relationship of the
material.

c) | Samples should be moulded and cured under the same temperature/and humidity conditions as those
prevailing when filling the end fitting.

d) | The epoxy resin should be mixed according to the manufactdrer’s specification and poured slowly into the
prepared mould to ensure no air bubbles are enclosed.

e) | The epoxy samples should be taken from the batch used to fill the end fitting if the shear-strenpgth test is
required as part of the pipe-manufacture quality pracess.

6.6 Metallic-material test requirements

6.6l1 General

6.6{1.1 In 6.6.2 to 6.6.6, the qualification test requirements for flexible-pipe metallic mdterials are
distussed and recommendations, on the performance of the tests and interpretation of results|are given.
ISQ 13628-2 specifies qualifieation of materials for the carcass, pressure armour (unbonfled pipe),
tensile-armour layers (unbonded pipe) and reinforcing layers (bonded pipe), and ISO 13628-10 specifies test
requirements. The following required tests do not have standard (such as ASTM) test procedurg¢s for their
pefformance:

a) | SSC and HIC«esistance;
b) | corrosion.resistance;

c) | erosion resistance;

d) Hatigue-resistance;
e) hydrogen-embrittlement resistance;
f)  chemical resistance.

6.6.1.2 These tests are discussed in detail below and also supplement requirements in ISO 13628-2 and
ISO 13628-10.
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6.6.2 SSC and HIC resistance

6.6.2.1 Hydrogen enters steel components at the corroding surface in wet H,S environments. Depending
on the type of steel, its microstructure and the inclusion distribution, the hydrogen can give rise to internal
decohesion resulting in HIC or brittle fracture, termed SSC. ISO 13628-2 and ISO 13628-10 specify SSC and
HIC test procedures for steel-wire-cable materials used in flexible-pipe applications.

6.6.2.2 Two types of SSC tests are required by ISO 13628-2 and ISO 13628-10:

a) use of NACE TM0177 environment at constant pH between 3,5 and 3,8 to determine stress threshold
levels forthe accurrence of SSC:

b) SSC test with actual service conditions, with the samples stressed to 0,9 times the actual yield¢stress of
the sample, as defined in ISO 13628-2 or design stress levels as defined in ISO 13628-10.

6.6.2.3 Results from both of these tests are used to determine suitability of the steelymaterial for [the
proposed gpplication. Important considerations in the performance of these tests include thé following.

a) Recommended test procedures for both SSC tests described above are as follows.

1) For pressure-armour wires of unbonded pipe (including interlock and bhaek-up flat wires), ring tgsts
sIouId be used where practical for pipe diameters less than 15,24-€m (6 in); otherwise, four-ppint
bénd tests from ring samples should be used.

2) For tensile-armour wires of unbonded pipe, dependingt on the wire size, Method A| of
ABTM A370-07 ['"] or four-point bend tests should be used:

3) For reinforcing-layer cables, a coating of embedding ‘compound should be applied, the maximum
thickness of which should not be greater than the minimum design thickness of the embedding
compound in the pipe construction.

b) SSC t¢sts in the actual service conditions probably do not highlight any susceptibility of the materia] to
HIC apd/or stress-oriented HIC, and, therefore, examination procedures should check for both of th¢se
charagteristics, and require that a check\be made for the HIC during the NACE TM0177 SSC tgsts
descriped in 6.6.2.2.

c) All samples should represent, as(Closely as possible, the as-manufactured wires and cables and shquld
be tested on a statistical basis(io) verify resistance. Welded samples should be tested to qualify welding
procedures for wires used in‘unbonded pipe.

d) Test pfocedures should-ensure that the important test parameters are kept largely constant, including
stress|and strain levels,/pH, temperature and H,S partial pressure.

e) The mhpterial is €onsidered to have failed the test if there is evidence of cracking from visual, microscapic
or mag@netic-particle inspection, other than surface blisters.

f) A 201CH3°C (68 °F £ 5,4 °F) test temperature is recommended because this is considered [the
worst-Case temperature for hydrogen effects.

g) Consideration should be given to using the NACE TM02-84 [28] test method to determine the HIC
resistance of the steel-wire materials of unbonded flexible pipe. This is much shorter than the
NACE TMO0177 test and can be used as a quality-control test on the wire material.

6.6.2.4 The specified tests apply to pipes for both static and dynamic applications. In addition, for
dynamic applications, fatigue and corrosion-fatigue tests are required, as discussed in 6.6.5.
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6.6.3 Corrosion

6.6.3.1 In 6.6.3, uniform or pitting corrosion is addressed. This is particularly relevant for unbonded-pipe
armour-wire corrosion. Corrosion problems in the carcass are generally avoided by proper material selection,
as discussed in 6.2.3.1. Though the pressure and tensile armours are not directly in contact with the
transported fluid, they are exposed to permeated fluids, such as CO, and H,S gas, and seawater if there is a
breach in the integrity of the outer sheath.

6.6.3.2 Uniform corrosion is caused by CO, in the presence of deoxygenated seawater. This uniform
corrosion should be accounted for in the selection of the armour-wire thickness. Corrosion from oxygenated
water, in the immediate vicinity of tears in the outer sheath, should be controlled by appropriate design of the
cathodic protection system. No pitting corrosion should occur under design environmental @and stress
conditions that can cause utilization factors to exceed design criteria or to affect the service-liferequirements.

6.6(4 Erosion

6.614.1 The production of reservoir sand can cause erosion in the carcass(layer of flexibl
addlition, the sand can remove any protective flms on the carcass, thereby increasing corrosion.
the| erosion and the rates of erosion and corrosion should be calculated, with"the calculations bas
data (see 9.7.7 for guidelines on erosion tests). Calculations should confirm the following.

b pipes. In
Therefore,
ted on test

a) | The hydrostatic collapse resistance of the eroded and corroded pipe is not lower than

requirements for the specified service life.

he design

b) | The tensile load capacity with the eroded and corroded pip€/is'not less than the design requirer[\ents.
6.6 a

ero
Thg

cha

influence
el material.
h/corrosion

4.2 Erosion rates are most severe at high-curvature areas. Important parameters th
sion rates include fluid velocity, amount and size of produced sand, carcass geometry and ste
b partial pressure of CO, and the fluid temperature have a significant effect on the erosio
racteristics of the carcass.

6.6/5 Fatigue resistance

6.6
an

5.1 Adequate fatigue resistance'of steel-wire materials for dynamic applications is required. Fatigue

da
acd
cun

I:ysis (see 8.2.4) should show that_all stresses are below the material endurance limit. Otherw

age calculations should be performed, such as with Miner's method using design S-N ¢
ounting for damage due to-cycles with stresses below the endurance limit. The determination
ves is critical for the fatigue-analysis. ISO 13628-2 and I1SO 13628-10 specify relevant test red

na

ely that S-N data be-developed based on the actual annulus conditions and the design ba

se, fatigue
urves and
of the S-N
uirements,
sis for the

annulus (such as exposure to air, seawater), or design annulus environment for unbonded pipes [and based

on rubberized cables-and pipe-bore conditions for bonded pipe.
6.6.5.2 e material,
y be used.
dations on

Theldnitial objective of the S-N tests should be to identify the endurance limit of th

acgounting for the relevant environment. Data from previous testing in more severe conditions ma
Noge that a\reduction in the endurance limit is expected for sour-service applications. Recommer
testing are given in 6.6.5.3 t0 6.6.5.9.

. ial generally
gives a lower fatigue limit in air, but this can change for corrosive environments.

6.6.5.4 The standard S-N tests for wires of unbonded pipe are based on un-notched specimens.
Consideration should also be given to performing tests with notched specimens or to using the results of
full-scale tests for validation when pitting, wear, corrosion or other sources of notches are likely to occur. This
gives a lower-bound S-N curve for pitted or worn wires, or wires scratched during manufacture.

6.6.5.5 The recommended notch is a 60° V, with a depth of 0,2 mm and a root radius of 0,025 mm, which
represents typical surface anomalies found in full-scale sour-service tests because of corrosion and also
represents the worst case for scratches, damage and corrosion experienced during manufacture and service.
The notch should be fully circumferential for round-bar specimens. It should be a single-sided notch for flat
wires.
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6.6.5.6 The number of samples and stress levels for development of S-N data should be in accordance
with ASTM E739 [12]. Strain gauges should generally be used for stress measurements where appropriate.
The cyclic-load test frequency should represent the in-service load frequency. A higher test frequency is
allowed if the effect of the higher frequency is documented. A recommended maximum frequency is 0,5 Hz.

6.6.5.7 Sufficient S-N data should be available to confidently extrapolate the S-N curve to stress levels
below the endurance limit. The S-N curve can have a reduced slope below the endurance limit. Results
should be presented in accordance with ASTM E468 [13].

6.6.5.8 The endurance limit should be the stress level at which specimens exceed 1 x 107 cycles with no
evidence qf fatigue cracks The endurance-limit stress is relevant only for fatigue-life analyses that do not

include any cycles with stresses above the endurance limit.

6.6.5.9 Unbonded flexible risers are designed generally on the basis that the outer sheath|is never
breached (no flooding of the annulus with seawater). However, service-life analysis for dynamic applicatipns
should calgulate the length of time to failure of the tensile and pressure armours when the annulus is floodled
with seawdter from a rupture of the outer sheath. This is defined as an accidental situation,Wwith the calculated
service life] determining the length of time before which the pipe is replaced. The replacement time should| be
included in[the operation manual.

6.6.6 Hydrogen embrittlement
Cathodically protected, high-tensile-strength steels can be subject to hydrogen embrittiement. ISO 13628-2

specifies r¢quired testing to confirm satisfactory performance of high-strength wires of unbonded flexible pipes
subject to ¢athodic protection.

7 System design considerations

7.1 General

Clause 7 r¢lates to the overall flexible pipe systemland not specifically to the flexible pipe itself. Clause 7 giyes
recommenfations on system-related design issues, as follows:

a) general system design requirements;
b) flowline design requirements;

c) riser design requirements;

d) floating pipes;

e) ancillary compgahent design;

f)  system interfaces.

In addition, system ISsues significantly impacting the overall project are identified throughout Clause 7.
Detailed consideration of these issues at an early stage in the project can result in significant cost savings and
design simplifications.

7.2 General system requirements

7.2.1 Introduction

In7.2.2 to 7.2.9, requirements that are common to all flexible pipe systems are covered.
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7.2.2 Transported-fluid considerations

7221 The fluid velocity is important, particularly if abrasive materials, such as sand in the produced
fluids, can result in wear of the pipe’s internal layer. Fluid velocities of the flowline and riser system are based
on system pressure drop and the internal friction parameter for the flexible pipe. The friction parameter varies
significantly between smooth- and rough-bore pipes because of the carcass construction in a rough-bore pipe.
Typical values for absolute friction factor are as follows:

Rough-bore pipe: ID (mm)/250

o o lo H o-onL OO
LITTOUUTEUUITT Yipoc. U, UUO T (U, UUU Z71T1)

7.22.2 The roughness values (see 7.2.2.1) can generally be considered to be conseryative. The friction
is $trongly influenced by the carcass characteristics, such as ID and profile dimensions, ‘fof the fough-bore
pipe. A more accurate friction factor can be calculated from tests, if required.

7.22.3 The design of flexible pipe systems should consider the effect of variation's in internal fluid density
ovgr the life of the project, particularly for riser systems, where a change in fluid.density can changg the shape
of the riser configuration. In the case of two-phase flow, the effect of slug-induced vibration [should be
considered.

7.213 Corrosion protection
7.213.1 The metallic components of the flexible pipe system exposed to corrosive fluids |should be
selected to be corrosion-resistant or alternatively be protected from corrosion. Corrosion protectlon can be
achieved by one or more of the following methods:

a) | coating;

b) | application of corrosion inhibitors;

c) | application of special metallic materials-or cladding;
d) | specification of corrosion allowance;

e) | cathodic protection.

7.203.2 The implications for overall system design of providing corrosion protection should be| assessed.

ISQ 13628-2 and ISOC13628-10 contain corrosion protection requirements, and Reference [18] contains
guidelines on the design of cathodic protection systems.

7.2014 Thermal.insulation

7.24.1 If the fluid temperature inside the system is to be maintained at a particular level, thermal
insplating layers can be added to the flexible pipe cross-section to provide added thermal insujation. The
inspilating material used should be compatible with the annulus fluids to which it is likely to bg exposed.
Typically, both pressure and temperature limits apply to the use of these insulating materials and should be
considered in the selection process. 1ISO 13628-2 and ISO 13628-10 specify minimum requirements for the
use of thermal insulating layers.

7.24.2 Design of a flexible pipe to meet a specified thermal-insulation coefficient may include thermal
resistance from the surrounding environment. Burial or trenching and backfill provides significant thermal
resistance and can minimize or avoid a requirement for thermal insulation layers.

7.2.5 Gas venting — Unbonded pipe

7.2.51 Gas venting enables gas that has diffused through the internal pressure sheath of the flexible
pipe to escape, and thus avoid build-up of gas pressure in the annulus of the flexible pipe system (see 8.2.2).
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7.25.2 A gas-venting system is comprised of small-bore pipes connecting the pipe annulus to the
gas-relief valves in the pipe end fittings. Burst discs may also be placed along the outer sheath of the flexible
pipe for flowline systems. ISO 13628-2 specifies that burst discs shall not be used on risers. The minimum
requirements for the design of gas-relief valves and burst discs are given in ISO 13628-2. At the topside
connection, the gas bleed-off system from a flexible riser should be connected to process vents through a
check valve, or vented locally to atmosphere through a gas-relief valve. The gas bleed-off system should
never be capped during operation to avoid excessive pressure build-up in the annulus.

7.2.6 Pigging and TFL requirements

required fdr the fl
on the sysfem layout. Design issues include whether to use loops (pipes in parallel) or subsea receivers:

7.2.6.2 Foam or PU pigs can be used for smooth-bore pipes. Brush, foam or PU pigs can be used|for
rough-borg pipes. Scraper pigs are not suitable for flexible pipes.

7.2.6.3 Flexible pipe intended for use in TFL service should be constructed with an-innermost layer that
does not impede or suffer significant damage from the passage of TFL tools. For TFL 'service, the pipe shall
conform to|ISO 13628-3 requirements with regard to design, fabrication, and testing\and to 1ISO 13628-3:2000,
Annex A, with regard to internal diameter and drift testing.

NOTE For the purpose of this provision, API RP 17C is equivalent to ISO 13628-3.

7.2.7 Firg resistance
ISO 136282 and ISO 13628-10 list the issues to be considered in assessing the resistance to fire of [the
flexible pipe. Ultimately, fire resistance tests can possibly be*required. Additional resistance against fire may

be providgdd by the application of an insulating protectivetcover on the outer sheath of the pipe. Spetial
consideration should be given to the effect of fire on the intérface between pipe and end fitting.

7.2.8 Piggy-back lines
7.2.81 The flexible pipe should be sufficiently protected against pipe and steel scuffing and the potertial
transfer of|high temperatures from the steel to the flexible pipe if a flexible pipe is piggy-backed to a sieel
pipeline or|other steel structure.

7.2.8.2 The piggy-back system should be designed with the following considerations where an umbil|cal
or smaller fliameter line is piggy=backed to a flexible pipe:

a) hydrodlynamic interaction; including shielding, solidification, hydroelastic vibrations, lift and marine growth;
b) relative motion between the lines;

c) relative changes in length between the two lines (particularly due to different expansion coefficignts
betwegenflexible and steel lines);

d) clamp loads;
e) loads and wear of the flexible pipe;
f)  creep and long-term degradation of pipe and clamp materials;

g) internal pressure, tension, external pressure, bending and torsion-induced change in cross-section
geometry of the pipe.

7.2.8.3 The method of connecting the piggy-backed line at the vessel interface should be carefully
designed for the case of a flexible-pipe riser.
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7.2.9 Connector design

7.29.1 The materials from which connectors are to be manufactured should be compatible with those
within the flexible pipe and any interfacing topside piping or seabed pipeline.

7.2.9.2 If release functions are required in connector design, their abandonment philosophy should be
clearly identified and detailed prior to manufacturing commencement. See 4.4.4 for a description of typical
disconnection systems.

7.293 System design and fatlgue loads should be clearly identified prlor to connector design
commencemen ressures if
¢ngth or leak testing of a erX|bIe pipe is carried out through a connector

7.3 Flowline design requirements

7.311 Seabed and overland routing

7.311.1 Routes should be selected with regard to the probability and consequences of all foqms of pipe
damage. The following factors should be taken into account:

a) | installation;

b) | seabed or overland route contour and conditions;
c) | trenching or rock dumping (if applicable);

d) | location of other installed equipment and pipelines;
e) | pipe expansion;

f) | accuracy of structure positions;

g) | accuracy of installation-vessel positioning system;
h) | as pulled-in configuration;

i) | ship traffic;

j) | fishing activities;

k) | offshore operations;

[) | corrosivity, of the environment;

m)| launehing of lifeboats;

n) —archoring amnd mooring of otter instattations-and-vessets:
7.31.2 The pipe route should be selected to

a) minimize the need for seabed preparation,

b) minimize the vertical imperfections to be crossed,

c) ensure space for individual trenching, if required,

d) minimize pipe length.
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7.31.3 The layout (for example, location of wellheads, manifolds, mooring lines, and PLEMs, etc.)
significantly influences the selection of flowline layouts and riser configurations and should be considered
early in the design.

7.3.2 Protection

7.3.21 Pipe protection against damage caused by objects, such as fishing gear, anchors and mooring
lines, should be considered, and requirements specified in agreement by the purchaser and manufacturer.

7.3.2.2 The impact energy and geometry of objects considered should be defined in the pI'OjeCt deS|gn
premise ( e150-13628=-2and1S6-13628- 13) tmpact toads—shouidbe quculuncu for-the-intended-servicg as

normal or gbnormal operations following the results of a safety analysis. The recommended requirements|for
pressure-cpntainment equipment (such as the pipe structure, end fittings and connectors) are as follows:

a) normgl operations: such equipment should not be permanently deformed;
b) abnoral operations: such equipment should not leak.
7.3.23 Based upon this classification and the protection method adopted, representative calculatipns

should sh¢w that the pipe structure, end fitting and connector utilization comply with 1SO 13628-2 and
ISO 13628-10.

7.3.24 The following should be taken into account in the evaluation of the optimum technical and
economical protection method:

a) seabef or ground conditions;

b) pipe ahd protection facility installation;

c) pipe ekpansion from temperature, pressure, etc.;
d) bending as a result of upheaval buckling;

e) inspedtion and maintenance;

f)  pipe retrieval.
7.3.3 Ontbottom stability

7.3.3.1 (General

7.3.3.1.1 | The stability“of a flowline section on the seabed or ground is directly related to its (submerged)
weight, thé envirommental forces and the resistance developed by the soil. A stability analysis shduld
demonstrate thatthe (submerged) weight of the unburied flowline is sufficient to meet the required stabjlity
criteria. Pipeline\stability is to be considered for both installation and operation conditions. Flotation @&nd
sinking of the-pipe for the most critical internal fluid conditions should be checked. Issues to be consideTed
during the Stabitityamatysisshoutd-irctudethefottowig:

a) lateral displacement from an installed position as a result of expansion, settlement or hydrodynamic
effects;

b) geometric limitations of the surrounding system;
c) distance from other pipes, structures or obstacles;
d) internal fluid density and its variation during the service life;

e) pipeline tension, curvature and torsion;
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f)  interaction with lateral buckling resulting from axial forces;
g) fatigue damage;

h) wear and deterioration of outer sheath;

i) damage to sacrificial anodes;

j)  loading on end connections.

312 Th tabilit f it ith t & H b I d-d £, i
7.3:3-4-2 Fhe-suitability of mattresses—with-respectto-pipe-coverabrasionand-damage-from-protrusions,

shquld be confirmed if their incorporation is required to provide stability. The general form and size|of rocks, if
rock dumping is provided, should be such that no damage is sustained to the pipe during deployment.

7.313.2  Analysis methods
7.313.2.1  The following stability analysis methods may be employed:

a) | dynamic analysis, involving a full dynamic simulation of the pipeline resting' on the seabed and including
modelling of soil resistance, hydrodynamic forces, boundary conditions.and dynamic response;

b) | generalized stability analysis based on a set of non-dimensional(stability curves that have bgen derived
from a series of runs with a dynamic-response model;

c) | simplified stability analysis based on a quasi-static balan¢e of forces acting on the pipe.

7.313.2.2  Further details on the above analysis are given in References [30] and [1].

7.313.3  Stability criteria

The¢ pipe supplier or designer should specify and justify stability criteria for the particular application, which
maly be based on guidelines in References[30] and [20]. As a minimum, the design criteria gpecified in
ISQ 13628-2 and ISO 13628-10 should:be’satisfied.

7.314 Upheaval buckling

7.314.1 Introduction

7.3411 A flexible pipe laid in a trench can be susceptible to upheaval buckling from longitudinal
expansion of the flowline caused by internal pressure and temperature loadings. Internal pressure is the
dominating factor)centributing to upheaval buckling of flexible pipe.

7.314.1.2 -Jp)addition, changing the lay angle of the pipe can produce longitudinal expansion qf the pipe,
with the «optimal angle being approximately 55° for a two-ply pipe. Additional pairs of plies can ¢hange the
optlmal angle significantly.

7.3.4.1.3 The flexible flowline may be allowed to buckle provided that the design criteria of 7.3.4.4 are not
violated. The potential for upheaval buckling can be evaluated by analytical or experimental methods. The
parameters that influence the upheaval behaviour of a flexible flowline and that should be incorporated into
any investigation of upheaval buckling include the following:

a) operational pressure and temperature distributions along the flowline, including hydrotest conditions;

b) vertical imperfections in the flowline foundation;

c) variations in uplift resistance along the line, such as varying soil-cover height and conditions, sail
longitudinal friction, soil rotational stiffness and its contribution to bending resistance of the pipe;
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d) uplift resistance as a function of pipe uplift displacement;

e) stiffness properties of the pipe cross-section as a function of pressure and temperature; in particular, axial
compression stiffness and bending stiffness of the pipe;

f)  relaxation with time of the initial lay pretension stresses in the pipe.

7.3.4.2

7.3.4.21

a) buryin

b) rockd

Methods of prevention

Measures to prevent or limit the extent of upheaval buckling include the following:

g the pipe in a trench;

Lumping;

c) wide gnd open trench to allow horizontal snaking;

d) laying
e) optimi
7.3.4.2.2
example)

evaluating

a) residu

the pipe with internal pressure to provide initial pretension in the line prior to,burial;
ving tensile-armour lay angle.

A feasible way of pretensioning a flexible pipeline is to restrain(the pipe (by rock dumping,
the resulting effective pretension in the line:

bl axial compression loads due to the frictional resistance between the pipe and the seabed;

b) relaxalion of pretension loads because of possible straightening of formed loops (lateral buckles);

c) creep

7343

7.3.4.31

non-linear
varying so

of pipe materials with time.

Analysis methods

A linear model can be used to detérmine if upheaval buckling can occur. If it is a concern, the
model is required for analysis of upheaval buckling. The non-linear model should account
| cover from imperfection geemetry, non-linear pipe/soil interaction and geometric non-lineari

because of large deflections of the/flowline. It may be assumed that the material properties exhibit a lin

behaviour.

7.3.4.3.2
amplitude
imperfectig
the pipe to
to buckle

for

hile it is subjected to axial expansion due to internal pressdre. Consider the following when

na
for
ies
ear

An initial imperfection in the installed flowline configuration is characterized by an imperfec
and a corresponding imperfection wavelength, assuming a symmetrical shape about

temperaturg’and pressure loads generates an axial compression force in the pipe, causing the

thereby creating\aresulting uplift amplitude at the apex of the imperfection.

7.34.4

7.3.4.41

ion
he

n apex. In thedunloaded condition, the pipe is assumed to be fully supported by the soil. Subjeciing

ipe

nto a new’ equilibrium shape characterized by a buckling wavelength and a buckling amplitude,

Destgneriterta

The upheaval buckling design criteria should be based on the following.

a) The pipe contains no bends below its minimum allowable bend radius.

b) The pipe does not deviate beyond the trench or berm boundaries.

¢) Movement restrictions imposed by the trench and infill do not result in pipe structure stresses or loads
that violate the design criteria in ISO 13628-2 and ISO 13628-10.
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d)

e)

7.3

ISO 13628-1

The upheaval-buckling process does not subject the pipe to other failure modes that can cau
of the pipe, such as exposing the pipe to trawl-board snagging.

There is an adequate safety margin against snap-through buckling.

.4.4.2 The uplift displacement is to be limited to a maximum of 0,75 /

ult:

1:2007(E)

se leakage

where [ is the burial depth, to

avoid an upheaval creep mechanism taking place because of variations in temperature and pressure during

the service life of the line.

7.3.4.43 The distance between the pre- and post-buckling equilibrium curves at specifi
conditions shall not be less than 01 m (’2104 in) when plotted in a temperature (nr Inrneellrn) \L

ed design
ersus uplift

displacement plane to ensure an adequate safety margin against snap-through buckling failure.

7.3
cof]
co

444 The uplift resistance of the protection cover shall be documented. It is necessd
sideration to a possible decrease in uplift resistance because of undrained cover or backfill or
er properties as a result of the installation method employed.

7.3
req

4.4.5 Following the installation of a flexible pipe, which is susceptible to upheaval buckling,
uirements shall be verified with regard to the following:

a) | vertical imperfections of installed line;

b) | burial depth and berm height/width.

7.314.4.6 Documentation shall exist verifying that the required cover is present prior to taking
pipeline with natural backfill into service. The pipe configuration that results if a pipeline is situated
tremch should be checked when the line is brought into service.

7.315 Pipeline crossing

7.3
pip

5.1 Suitable protection should be placed between a flexible pipe that crosses another flexi
e or umbilical in service, unless it can be.shown that the MBR and other design criteria are n
Prgtection can include sand bags, stabilization mattresses, structural bridges or low-friction m
number of crossovers should be minimized by the installation procedures if multiple lines are ing
single trench.

7.315.2 A gas-carrying pipe jshould be placed above a liquid pipe if a crossover involves both
gag-carrying pipes, unless the' liquid pipe is lighter than the gas pipe, accounting for content. Any
facjlity should take such.movement into account where crossed flexibles are susceptible to movemgd

7.315.3 Abrasjeni_sleeves constructed of metal or polymer should be provided where a numb
corpe into contach.inder constant or frequent movement. The sleeves should sufficiently cover the
extent of relative movement and have enough thickness to account for expected wear. T
requirements, should be determined during the detail design of the pipe system.

7.4 ~Riser design requirements

ry to give
change in

the design

a trenched
in an open

ble or steel
bt violated.
btting. The
stalled in a

liquid- and
protection
nt.

er of pipes
maximum
he sleeve

7.4.1 Riser configuration

7411

A considerable part of flexible-riser-system design is the determination of configuration

parameters so that the riser can safely sustain the extreme sea-state loadings for which it is to be designed.
A safe riser design nowhere exceeds maximum allowable tension or minimum allowable bend radius criteria,
as per I1ISO 13628-2 and ISO 13628-10, when subjected to these extreme wave and current loadings. A well
designed riser configuration is safe and provides compliancy to vessel motions in a cost-effective manner.
A riser that is compliant to vessel motions minimizes the station-keeping requirements for the vessel and, in
turn, reduces mooring costs.
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7.4.1.2 Large riser rotations, combined with large tensions near the riser/vessel or riser/seabed
termination points, are also an undesirable riser response to sea-state loading. In this case, large bend
stiffeners are required at the pipe-end fitting to avoid exceeding the minimum allowable bend criterion in the

flexible pipe at this location.

7413

Flexible risers are commonly deployed in one of the five standard configurations listed below and
as illustrated schematically in Figure 4:

a) free-hanging catenary;

b) lazy-S;

c) steepS;

d) lazy wave;

e) steep wave.

7414 Key points about these riser configurations are described in 7.4.1.5 to 7.4.1.7.

7415 Free-hanging catenary is the simplest, and generally the least expensive, riser configuratior]. A

key problem with this solution, however, is that if there are any significant first-order wave motions at [the

vessel conpection (particularly heave), these motions are transferred directly to the seabed and this inevitgbly

leads to cgmpression at the riser touchdown point. Buckling and overbending of the pipe below its allowgble

limit are cpnsequences of this effect. Furthermore, the free-hangingiser is not very compliant to vegsel

motions: riser top tension increases rapidly with far vessel offset, ‘and large vessel-offset motions resulf in

correspondingly large and undesirable motions of the riser/seabed touchdown point.

The free-hpnging configuration, because of its simplicity, is.always worth considering as a potential solution,

particularly for mild-environment, deep-water applications?;In deep-water applications, the hang-off loads|on

the vessel can be large due to the suspended riser length.

7.4.1.6 S-configurations enable flexible linesito ascend to the floating vessel in bundles over a single

buoy. The [analysis of the hydrodynamic behavigur of the buoy is an important consideration in the design of

these systems. In general, the steep-S riser buoy is more susceptible to torsional instability than is the lazy-S

solution.

The introdyction of a subsea buoy (see Figure 14) into the riser configuration has two main functions.

a) It proyides a filter to stop-the direct transfer of dynamic motions to the seabed that occurs with [the
free-hainging configuratien.

b) It supgorts part ofithe weight of the riser, thereby reducing static tension at the vessel connection.

The change in seabed touchdown point is controlled by the lateral motion of the subsea buoy. Increasing fthe

size of the |pbuey €orrespondingly also increases the lateral restoring force through the buoy tethers, and thig in

turn tends [to-reduce the lateral motions of the buoy. However, a larger buoy is also susceptible to increaged

hydrodynamic Toading.

7.41.7 The buoyancy for wave configurations (see Figure 14) is applied to the pipe in a distributed

manner rather than as a concentrated point load as for the S-configurations. Generally, the wave
configurations are more compliant to environmental loading than the S-configurations and ascend to the
floating vessel as individual lines (or clamped bundles). While the increased compliancy to vessel motions of
the wave configurations is a definite advantage, the compliant nature of the riser configuration itself to
environmental loading, and particularly to cross-loading, makes riser interference with adjacent risers or
structures an important design consideration.
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In general, the steep-wave riser is less compliant than the lazy wave. The shape of the lazy-wave riser is
particularly susceptible to variations in internal fluid density, though undesirably large motions can be avoided
by designing a flexible-pipe cross-section with low drag-to-weight properties.

The lazy-S wave shown in Figure 4 is a modification of the steep-wave configuration. Close to the seabed
touchdown, the tension in the riser is transferred via a riser clamp to an anchor line, which is tied to the
seabed by a clump weight or a suction anchor. The riser itself touches down on the seabed almost like a
lazy-wave configuration, except in this instance the touchdown point is well controlled by the near-vertical riser
anchor line and an optional horizontal anchor line clamped between the seabed section of the riser and the
clump weight or suction anchor.

7.4I.2 Riser interference
7421 The riser system design should include evaluation or analysis of potential riser ipterference
(ingluding hydrodynamic interaction) with other risers and between risers and mooringregs, tendgns, vessel
hul|, seabed or any other obstruction. Abnormal service conditions including the case of one mpooring line
damaged should also be considered. Interference should be considered during all‘phases of the r|ser design
life| including installation, in-place, disconnected and unusual events. The ac¢euracy and suitahility of the
selected analytical technique should be assessed when determining the probability and severity of ¢ontact.

7.

pa
Th

rs or other
onsidered.

2.2 Riser systems should be designed to control interference that can damage the rise
s of the system. Hydrodynamic interaction of multiple risers, including shielding, should be d
b effect of marine growth should also be considered.

2.3 Either of two design approaches may be taken*to control riser interference. One
requires that the riser system have an acceptably low probability that the clearance between 3
angther object is greater than a specified minimum value. The other approach permits contact b
risgr and the other object but requires analysis and design for the effects of contact.

approach
W riser and
btween the

7424 Interference can occur between a riseéb and any object that has dynamic characteristi¢s different
from those of the riser and that is sufficiently cldse to it. Objects can include the vessel hull, a riser |of different
siz¢, a riser having different properties (such-as different contents, extent of marine growth, top|tension or

tension distribution), other boundary conditions or a riser in a different flow field caused by w3
Cldarly, this type of interference is meresevere than between risers with similar dynamic characte
the| size and direction of impact loads 'should be quantified.

25 Interference betwéen adjacent wave-type risers at the buoyancy section should not be

7.42.6 Quasi-static @nalyses should identify the critical load combinations of wind and currg
and headings, and vessg) offsets, which minimize the clearance between the riser and the adjacent

Dynamic analyses\should identify the critical load combinations of vessel draft, vessel orientg

ke effects.
ristics, and
allowed.

ent profiles
structure.

tion, wave

frequency andiwave heading that maximize riser motions and deflections, in the presence or absence of

currents.

Thé¢ dynamic load cases are typically based on the critical load combinations determined from the

uasi-static

analyses.

7.4.3 Load-bearing structures

7431 Load-bearing structures used to support flexible pipes should be designed such that

the pipe is

not subjected to excessive wear, bending or crushing. As such, steel materials should be provided with
suitable cathodic or coating protection, and all surfaces in contact with the flexible pipe should be provided
with a surface radius greater than the permissible MBR for the flexible pipe.

7.4.3.2 Structures within a flexible pipe system should be designed to accommodate flexible pipe
movements. Load-bearing steel components should be designed in accordance with relevant steel standards
for offshore-structure design.

© IS0 2007 — Al rights reserved 81


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

ISO 13628-11:2007(E)

7.4.4 Pipe attachments

Interactive forces between pipe and any attachment should be determined along with resultant pipe
deflections. Due consideration should be given to mid-water support buoys with respect to their overall
behaviour within the system to minimize dynamic effects imposed on the pipe.

7.4.5 Riser bases

Riser bases should be located in relation to the overall system such that the pipe does not exceed design
MBR in any load case and the maximum excursion capability of the flexible-pipe top end is facilitated.

I ” t' yoy | £ dlo . la la lal la - =l £ H dla - 4 <l H
nstallationrtoterance-for-theriserbase-shoutdbeaccounted-for-intheriser Systemaesign:

7.4.6 Jumper and spool pieces
7.4.6.1 Each flexible pipe jumper and spool piece should be analyzed in accordance with the load cages
defined in|the design premise (see ISO 13628-2 and ISO 13628-10). All associated equipment should|be
subjected fo a similar level of analysis in order to establish suitability. The analysis shall’take account of
seabed conditions and pipe stability.
7.4.6.2 The configuration of a spool piece should be such that minimal loading;is imposed on the flex|ble
pipe, with ppecial emphasis being placed on the area immediately around the end fitting. Spool pieces Ind

their systems should be manufactured so that pipe lengths provide sufficientflexibility during installation and
operation.

7.5 Ancjllary components
7.51 General
Design requirements for typical ancillary components in fléxible pipe systems are presented in 7.5.

7.5.2 Cohnectors and rigid pipe components

Connector$ and rigid pipe components should be designed according to the same requirements as [the
flexible-pipe end fitting as specified in ISO 13628-2 and I1SO 13628-10 or should be a standard connegtor
(such as APl 16A [8] 1ISO 13628-4 [24] <and ANSI/ASME B16.5 [2]) rated for the design pressure and other
imposed lgads.

7.5.3 Bend stiffeners

ISO 136282 and ISO 18628-10 contain recommended procedures for the design, material selection,
manufactufe, testing and{marking of bend stiffeners.

7.5.4 Bend restrictors

ISO 13628t2-and ISO 13628-10 contain recommended procedures for the design, material selection,
manufacture, testing and marking of bend restrictors.

7.5.5 Bellmouths

7.5.51 A bellmouth is one type of bend limiter for a flexible pipe and is used for dynamic applications
where flexible risers are pulled through guide tubes to vessel deck level. The lower end is flared to avoid
overbending, thus producing the bellmouth. The bellmouth design is based on the maximum offset angle of
the flexible riser and its minimum allowable bend radius. The effect of bellmouth contact pressure on the
structural layers’ alternating stress should be considered in evaluating the fatigue life of flexible pipe.
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7.5.5.2 The simplest shape of bellmouth has a constant radius along its length. This shape
does not provide the best protection against fatigue. Therefore, it is more advantageous to apply a large
radius at the top section where the pipe is in regular contact with the bellmouth, and a smaller radius at the
bottom section, where there is only intermittent contact in extreme conditions.

, however,

7.5.5.3 The shape of a bellmouth with a linear variation in curvature along the bellmouth can be defined
as a function of s as given in Equations (3) to (5):
(1 —a? ) . Kg
¢(S):T'S+(Z'Kb's (3)
(1 —a? ) . Kg
K(s)=—L——-5+a-K 4
() =g e K 4)
2.9
sb = : (5)

where

¢ (s) is the angle between the bellmouth axis and tangent at aoint S on the curved wall;

K (s) is the curvature at a point S on the curved wall;

@, s the angle of bottom entry;

Ky, is the curvature at bottom entry, equal.to’1/r,;

r, is the minimum allowable bend radius;

s, is the length of bellmouth measured along the curved wall;

a is the ratio between minimum (top) and maximum (bottom) curvature.
7.55.4 Figure 22 is a~schematic drawing of the parameters used in the design of a bellmouth.
7.55.5 In general;,both the required length and diameter of a bellmouth are dependent on the gntry angle,
and the length is also dependent on the ratio of minimum (top) and maximum (bottom) curvature.
7.5/5.6 The entry angle, @, should be at least 5° greater than that calculated to be requirgd from all
degign load-eases, accounting for all effects including vessel rotation.
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X longitudinal or vertical axis Dy, diameter at bellmouth bottom end
Y lateral gr horizontal axis D, diameter at bellmouth top end
a ratio between minimum (top) and maximum (bottom)
I length df bellmouth, measured along the curved wall curvature
¢ angle between X-axis and tangent at a point on the
curved wall a 5=0,¢=0,K= K.
Ly, length of bellmouth, measured along the X-axis b 5= lg, $= do, K = Kp, rp = 1Ky,

Figure 22 — Parameters used to define a bellmouth shape
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7.5.6 Clamping devices

7.5.6.1 Permanent clamping devices should be designed according to the requirements for load-bearing
structures. If such clamps are applied, sufficient testing of similar clamps on samples of the proposed pipe in
simulated conditions should be carried out and fully documented prior to installation.

7.5.6.2 Clamping should not impose local or preferential loading on the pipe structure so that its pressure
and structural integrity are compromised during its design life. Clamping should not accentuate fatigue,
abrasion or fretting in the pipe structure beyond the limits imposed by the appropriate usage factors. The
materials selected for the clamps should be creep-resistant and suitable for long-term exposure in the
sppr‘ifipd environment

7.57 Buoyancy devices
7.57.1 The analysis should identify the interactive forces between pipe and buoyancy dg¢vices and
resultant pipe deflections. The design should show that sliding of the buoyancy devices along the pipe is
prevented.
For example, the clamping force should be sufficient to ensure that the friction between the buoyancy clamp
and pipe is greater that the maximum longitudinal loads on the buoyancy,devices, including a safety factor of
at [past 1,0.

7.57.2 When selecting either a steel or polymer material, consider the following:
a) | suitability for water depth;

b) | length of service at water depth;

c) | resultant size and dynamic loading effects on pipe;

d) | durability;

e) | previous history under similar conditions;

f) | safety;

g) | handling characteristics,

7.57.3 The arch-supporting structure should be designed in accordance with load-bearing| structures
(see 7.4.3). Attachment-of buoyancy modules to a riser should take account of hydrodynamic forces, self
we|ght, inertial forces;-slamming forces and effect of pressure on module clamp contact pressure.
7.57.4 Buoyancy modules are to maintain sufficient buoyancy over their service life to fulfil thgir function;

long-term_resistance to hydrostatic pressure is required. All materials in the structure should he selected
baged on-the environmental requirements with sufficient corrosion resistance for the specified servige life.

7.5.7.5 Damage to one single buoyancy element should not result in unacceptable loss of bdoyancy for
the pipe system as a whole. This can require the installation of bulkheads in steel buoyancy tanks. After loss
of 10 % of distributed buoyancy or one compartment in a subsea buoy/arch system, the riser configuration
should still be fit for purpose.

7.5.7.6 Materials (such as synthetic foam) for buoyancy modules should be qualified by tests in order to
confirm their resistance to hydrostatic pressure for the specified water depth. Water absorption and creep due
to hydrostatic pressure over the specified service life should be included in the analysis of the performance of
the materials. The loss of buoyancy from water absorption should be documented and the end-of-life value
used for a design check.
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7.5.8 Riser base

The riser base, including pipework, structural supports, and foundation, should be designed as described in
References [20] and API RP 2A-WSD [BBl. The pipe and J-tubes should, where applicable, be arranged such
that no bending moments are imposed on the end fitting of the static pipe. The following issues can be
pertinent to the field in question:

a) gravity or piled structure;

b) isolation/manifolding facility;

c) emerg
d) riserc
All such dg

ency abandonment procedure;
bnfiguration.

tails should be fully evaluated prior to design commencement.

7.5.9 Temporary lifting appliances

Temporary
The lifting
also apply

appliances should be designed in accordance with industry standards;-such as Reference [}
gear, as a general rule, should be designed for dynamic loading duties. This requirement shg
for equipment such as shackles and forerunners with associated gear.

7.5.10 Tether design
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7.6.2 Co

th of a tether (such as S-type riser configuration), if required for a flexible static or dynamic ri
w the pipe to separate from the tether prior to failure‘of the pipe structure (unless a pipe failure
g joint is designed at the tether connection). The\tether should be designed for all events
of occurrence greater than 104,

lem interfaces

heral
sues should be considered at\an early stage of a project, as they may have a serious impact

pe and system design. Clear interface definition allows the development of an optimized ove
the system. Relevant issues are described in 7.6.2 to 7.6.9.
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Connection of the risers. above or below the water line has important implications for design, installation, and

use (condi

7.6.3 Be

ion monitering).

hd limiter selection
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NOTE

Bellmouths require significantly more space than stiffeners.

7.6.4 Location of bend limiter

A spool piece should be considered whether the bend limiter is located at the end fitting or at the end of an

I-tube.
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7.6.5 Flowline installation conditions

Consideration should be given to upheaval-buckling requirements and to the possible need to pressurize the
flowlines prior to burial if trenching and back filling is used.

7.6.6 Connection design

Consideration should be given to the possible future requirement for the use of internal inspection tools. This
requires a pigging system to be designed to allow access for the launch of inspection tools. This also applies
where pigs might possibly be launched from the top connection to the flexible.

7.67 Connectors

Aspects (such as height and location of flanges, diverless or diver-assisted tie-ins and/flange and hub
spegcification) should be specified.

7.68 I- and J-tubes

Use of |- and J-tubes affects the flexible-pipe installation options, and should~be considered during|the design
of the tubes. Any requirement for spool pieces at the end of I-tubes significantly affects the loads on|the I-tube.

7.69 Subsea connections

Use of riser configurations with horizontal connections (such/as the lazy-S) can simplify installation and
sigpificantly reduce the complexity of the PLEM/riser base structure.

8 | Analysis considerations

8.1 Introduction

Clgquse 8 provides recommendations .for: flexible pipe analysis techniques, defines the loads typically
experienced in pipe applications, and'prevides guidelines for the evaluation of the pipe or system response to
thefse loads.

8.2 Analysis techniques

8.2l1 Local analysis

8.211.1 Local‘cross-section analysis is a complex subject, particularly for combined loads, because of the
corpposite layer structure of a flexible pipe. Local analysis is required to relate global loadings to stfesses and
@ins in the,'pipe. The calculated stresses and strains are compared to the specified des|gn criteria
(ISP 13628-2"and 1SO 13628-10 list relevant criteria) for the load cases identified in the project design

8.24 re-simptified ety " e-for-a— yeheek—of loads on
flexible pipe. For detailed design, more refined analysis techniques that account for all relevant effects are
required. The required analysis can be performed by a number of computer programs. Minimum requirements
for the cross-section analysis methodology are provided in ISO 13628-2 and ISO 13628-10.

8.21.3 Load effects in pipe-wall sections may be documented by prototype testing. Numerical analysis
methods may also be used to predict local stresses. Under numerical analysis, the analysis results may be
validated by prototype testing.

8.21.4 Design formulas should be related to the specific type of pipe design and can be validated for
those specific designs by strain-gauge results from prototype tests. Justification for extrapolation of results
should be documented. The actual load situation in the pipe should be considered, especially with regard to
combined loading when considering use of analytical methods.
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8.21.5 Any software tool developed by the manufacturer used for riser analyses should be
a) verified against closed-form analytical solutions,

b) validated by a range of numerical tests to show that the generic model/software tool is internally
consistent and that it does not contain detectable flaws,

c) calibrated against full-scale tests by means of manipulating the independent variables of the software
model to obtain a match between the observed and simulated distributions of the dependent variables,

d) confirmped
scale

A report symmarizing the verification, validation and confirmation of the version of the software toals intendled
for use shquld be available for the purchaser’s review and approval. It is necessary that this report‘be updated
with subsgquent major software version releases that add key functionality or modify methodology @nd
numerical $chemes.

8.2.2 Analysis of pipe-wall environment

8.2.21 The pipe wall for either bonded or unbonded construction is the space occupied by the primary
reinforcemgnt elements.

8.2.2.2 The analysis of the pipe-wall environment of a flexibleypipe is an important consideration,
particularly| for the determination of gas-release requirements and metallic-material failure modes. The
following p|pe-wall-environment characteristics should be consideredfor the design of the flexible pipe:

a) permgated gas and liquids;
b) externgl fluid ingress (seawater).

8.2.2.3 The polymers used for the internal pressure sheath allow fluids in the pipe to permeate the pipe
wall. This permeation rate (leakage) is negligible,;with regard to pipe performance (flow capacity). The pipe
system design, however, shall allow for safe-‘escape of the permeated gas. Gas permeation from [the
conveyed fluid into the pipe wall should be calculated using a qualified procedure. The permeation rate is a
function of|internal and external pressures, surface areas, sheath thickness and permeability coefficient.

NOTE The permeability coefficient'depends on material, gas component and temperature.

8.224 H,S gas permeation into the pipe-wall environment determines if a particular applicatior] is
considered as sweet or sour_service. The pressure in the pipe wall and the concentration of H,S in the gipe
wall shall |be calculated)to’ make this determination. In addition, CO, permeation rates are required to
determine the annulusipH level.

8.2.2.5 After.a transient period, an equilibrium condition is reached in which the partial pressures in [the
pipe wall grefower or at a maximum equal to the partial pressures in the pipe bore, with the actual vglue
dependent|oripressure, temperature, polymer materials, etc.

8.2.2.6 The partial pressure of H,S in the pipe wall can be assumed, as an initial approximation, to be the
same as in the pipe bore. This is likely to be conservative, as the pipe-wall pressure is limited to the
gas-escape pressure at the particular location accounting for external seawater pressure. Differences can
exist between the fluid composition in the pipe bore and pipe wall because of the different permeation rates of
H,S and other components.

8.2.2.7 Parameters that influence the actual partial pressure of H,S in the pipe wall are discussed in
Reference [38]. The partial pressure should then be used to check against NACE TM0177 requirements. If
testing is required, the partial pressure of H,S used in testing should be greater than or equal to the calculated
pressure.
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8.2.2.8 The pipe wall of an unbonded flexible pipe intended for static service should be assumed flooded
with seawater. The outer sheath for unbonded flexible pipe intended for dynamic service should be qualified
as watertight. In addition, the service life, with the pipe wall flooded with seawater, should be calculated and

specified in the operation manual.

8.2.2.9 Any software tool developed by the manufacturer used for riser analyses should be

a) verified against closed-form analytical solutions,

b) validated by a range of numerical tests that the generic model/software tool is internally consistent and
that it does not cantain detectahle. flnwe,

c) | calibrated against full-scale tests by means of manipulating the independent variables~0f'the software
model to obtain a match between the observed and simulated distributions of the dependent vdriables,

d) | confirmed to predict values within the [-g %, +p %] accuracy range from the observed values|of the full-
scale tests.

A report summarizing the verification, validation and confirmation of the version“of the software too|s intended

for
wit

nurerical schemes.

use should be available for the purchaser’s review and approval. It is necessary that this report
h consequent major software version releases that add key functiohality or modify methog

be updated
ology and

8.2l3 Global analysis

8.23.1  General

8.213.1.1  Global analysis is performed to evaluate'the global load effects on the pipe during all stages of

insjallation, operation and retrieval, as applicable: The static configuration and extreme rgsponse of

displacement, curvature, force and moment from-environmental effects should be evaluated in|the global

analysis.

8.213.1.2 Gilobal load effects generally.should be documented by numerical analysis methods, quch as the

finife-element method. The analysis_should account for three-dimensional dynamic response,| stochastic

response (irregular sea) and non-linear effects. The computer model and results should be fully dogumented.
nfiguration
ses in the
integration
Non-linear
considered
punt with a
For some

applications, the bending stiffness characteristics of the pipe are critical, such as for light lines that are subject
to severe dynamic motions or the seabed touchdown region in the lower catenary section of a lazy-S
configuration. It is necessary that the bending stiffness in such cases be assessed accurately to determine
whether buckling is occurring or whether MBR design criteria are being violated. Parameters relevant to the
pipe-bending stiffness include the number, thickness (including tolerances) and material in the polymer layers,
mean temperature in the layers (pipe is stiffer at lower temperatures), non-linear material characteristics (aged
and unaged material) and internal pressure. The effect of the tensile-armour layers on the stiffness can
generally be ignored, as the armour wires can slip when the pipe is bent to a high curvature.

8.2.3.1.6 Hydrodynamic loads may be calculated by means of Morison’s equation (8.3.1.2). Coefficients in
8.3.1.4 may be used. Tangential forces also should be taken into account for flexible pipes with buoyancy
elements.
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8.2.3.1.7 Interaction is required for riser configurations with a part of the riser resting on the sea floor. A
complete non-linear formulation should be used if the local behaviour close to the sea floor is of particular
interest.

8.2.3.1.8 The minimum effective tension (see 8.4.5) should be examined in order to check for possible

buckling of the pipe. The effective tension is normally required to be positive. It should be shown that any
effective compression is tolerable for the pipe (see 5.4.1.9 for compression criteria).

8.2.3.2  Static analysis

8.2.3.2.1 Thc dilll Uf thc atatiu alla:ycic (DUIIIUt;IIICD aidcd by M1 C:;Illilldly dyllalllib alla:yaio) ;D tU dctclll |ne
the initial static geometry of the pipe configuration. The design parameters selected for the static analysis pre
typically lepgth(s), mass, buoyancy requirements, and the location of seabed touchdown point and“subsea
buoy(s). The loads considered in the static analysis stage are generally gravity, buoyancy, internal flyid,
vessel offsets and current loads.

8.2.3.2.2 | The following three extreme cases should be investigated for flexible risers:
a) near-gosition analysis;

b) far-pogition analysis;

c) maximum out-of-plane excursion.

8.2.3.2.3 | The extreme positions are not necessarily in the plane ¢f the riser, particularly if environment
directionality effects are considered.

8.2.3.3 Dynamic analysis

8.2.3.3.1 | The next stage in the design procedure .(dynamic applications only) is to perform dynamic
analyses of the system to assess the global dynamic response. A system layout and vessel position is chogen
from the static analysis and a series of dynamic load Cases is considered. These load cases combine diffefent
wave and gurrent conditions, vessel positions and.motions, and riser-content conditions to provide an overall
assessment of the riser suitability in operating and extreme environmental conditions. See 5.5 (for
recommenfations on load-case selection.

8.2.3.3.2 | In the dynamic-analysis phase, the effect of vessel motions should be combined with wave and
current forces to obtain the response-of the riser. The hydrodynamic forces can be calculated based|on
Morison’s gquation (8.3.1.2). The~veSsel motions can be obtained from model tests, computer simulationg or
from knowledge of the vessel résponse amplitude operators and the wave data.

8.2.3.3.3 | Analysis in_thé frequency domain is generally inappropriate, because of the geometrjcal
nonlinearitles generally associated with dynamic behaviour of flexible risers. Consequently, flexible riser
analyses afe usuallyperformed with time-domain simulations.

8.2.3.3.4 | Analyses for the static and dynamic analysis phases are often interrelated in the sense thgt a
certain ampunt of iteration is needed to achieve a preliminary sizing and layout design. A coarser mesh ¢an

often be adegtateforpretiminary-aynramic-analysis:

8.2.3.3.5 Any results from a dynamic analysis should be scrutinized for their accuracy and convergence
prior to accepting them for design. Particular attention should be given to the adequacy of mesh selection and
time stepping used in the analysis. Sensitivity of the response to the wave approach direction and wave period
should be evaluated to produce the most unfavourable load conditions.

8.2.3.3.6  Either regular waves or irregular seas, in time domain or in frequency domain, can be used for
dynamic analysis. The regular-wave/time-domain approach is recommended for preliminary sizing of the riser
configuration. The critical results from regular-wave analyses should be verified with irregular-wave runs to
ensure that the response variables are adequately captured. Similarly, the critical results from
frequency-domain analyses should be verified with time-domain analyses to ensure that the response
variables are adequately captured.
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.3.3.7 The following significant response parameters are typically required from a dynamic analysis at all
riser locations of structural, boundary and geometrical discontinuities, namely at riser top, buoyancy and
touchdown-point areas, and flange connections:

maximum and minimum riser angles;
maximum effective tension and/or compression;
minimum bend radius;

movement and curvature of riser at touchdown point;

Thd
o\
acq

8.2
A
fini
ver
a)

b)

Al

for
wit

numerical schemes.

buoy displacement and tether tension;
riser tension and departure angle at support buoy;
effective tension, bending moment, shear force and displacement at flange conpécfions;
location of point of no motion on the seabed;
tension at the end of the model with the purpose of determining the tensien at the seabed term
clearances between risers for multiple risers;
clearance from structure or seabed,;
clearance between risers and mooring lines.
b angles and tensions of the riser at the connection{points can be used to design bend limiters

rbending of the riser at these locations. The measured angles in the case of vessel connecti
ount for the relative rotation (pitching) of the vessel.

3.4 Computer programs

umber of proprietary computer pregrams are available for riser analysis, based on both finite-el
e-difference methods. Any software tool, developed by the manufacturer or acquired fron
dors, used for riser analyses.should be

verified against closed form analytical solutions,

validated by a range of numerical tests to show that the generic model/software tool if
consistent and_that'it does not contain detectable flaws.

bport summarizing the verification, validation and confirmation of the version of the software too
use should\be available for the purchaser’s review and approval. It is necessary that this report
N consequent major software version releases that add key functionality or modify method

nation;

to prevent
bns should

ement and
n software

internally

s intended
be updated
ology and

8.2
8.2
a)
b)

c)

.3.9 Modelling considerations

.3.5.1  The following modelling considerations are critical for accuracy of results:
mesh size in relation to radius of curvature obtained from the analysis;
selection of Cy and C,,, for wave load calculations (see 8.3.1.4);

selection of boundary conditions;
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d) selection of time step and duration for dynamic analysis;
e) type of finite element;
f)  selection of damping model and coefficients.

8.2.3.5.2 Running multiple analyses to check the sensitivity of the results to these parameters is desirable
in some cases.

8.2.3.6  Analysis of multiple configurations

8.2.3.6.1 Risers used in a production facility are bundled together in many situations. Three typeg of
bundles arg¢ as follows:

a) free biindle;
b) integral bundle;
c) multibpre risers.

8.2.3.6.2 | The risers in a free bundle are free to move independently and\are connected only at [the
terminatior] points and to a subsea buoy. In the analysis of a free bundle,)all risers should be incluged
individually in a single model (single-riser models or equivalent models{are not recommended for datail
design). The free-bundle model should be sufficiently detailed so that‘all motions and loads in the risIrS,
subsea bupy and tethers can be calculated. The hydrodynamic interaction of the risers is minimal, providled
they are separated by a distance greater than five times their individual diameters, unless there is a lafge
enough risgr array to create wake synchronization or other flow disruptions.

8.2.3.6.3 | The riser pipes in an integral bundle are connected together at short intervals [such as 10 m
(10,94 yd)] so that they all move as one unit. The analysis of such bundles can be carried out by suitgbly
combining |the individual riser-line properties and treating the bundle as an equivalent single pipe. The tptal
tension in|bundles with risers with unequal propeétties is distributed based on the axial stiffness of the
individual fisers. Also, an asymmetric bundle arrangement produces unsymmetrical hydrodynamic logds,
which can| lead to torsional rotation of the riser bundle. In modelling such bundles, the following is
recommenfed.

a) The oyerall motion of the bundle.is compared to that expected from individual risers.

b) The r¢lative motions of thelindividual risers in a bundle are assessed so that the possibilities of riser
entanglement and external'wear are minimized.

c) The distribution of¢the” tension at the terminal points is evaluated; for preliminary design it can|be
consefvatively asSumed that the largest pipe in the bundle takes the entire load.

8.2.3.6.4 | Theglobal analysis requirements for multibore risers are the same as for standard risers.

8.2.4 Senvice-life analysis

8.2.4.1 General

8.2411 Pipe design service life shall be specified and documented. Design service life may be based on
specific project or application duration or may be related to a replacement programme. It is necessary to give
consideration in the design of flexible pipe to service life or replacement of components/ancillary equipment as
part of an overall service-life policy.

8.24.1.2 Specification of pipe service life may also be related to an in-service inspection programme. The

inspection method and inspection interval shall be documented and justified with respect to suitability for the
specific application; see Clause 13.
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8.2.4.1.3 Evaluation of service life should address the following, as a minimum:

a) metallic-material corrosion and other failure modes (SSC, HIC, erosion, hydrogen embrittlement);
b) wear of metallic material;

c) fatigue of metallic material,

d) polymer/elastomer material degradation;

end-fitting design.

8.21414
allic materials can be selected so as not to corrode or alternatively the corrosion.rate can be
baged on the predicted annulus environment and accounted for in the pipe design.-Corrosion fatigu

The wear and fatigue failure modes are generally only applicable to dynamie applications. The

calculated
e tests can

be [necessary for the armour wires. Other potential failure modes, including SSC-HIC, erosion an
emprittlement, should be accounted for by material selection, with reference to the requi

b

hydrogen
ments of

ISP 13628-2 and ISO 13628-10.

8.2141.5 Wear and fatigue in the metallic layers is discussed~in 8.2.4.2. Polymer/elastomer layer
degradation and wear/abrasion of polymers/elastomers is accounted for by material selection for the specified
application and by ageing analysis/testing; see 5.4.1.10 and 5.412.9 for recommendations on permissible

levels of degradation and Clause 6 for guidelines on material. selection and ageing tests. The|end fitting

shquld be designed to comply with the requirements of ISO 13628-2 and ISO 13628-10, withj particular

empphasis being placed on material selection and fatigue analysis.

8.2141.6 Fatigue damage should be calculated at all critical locations along the riser arc length. Proper

consideration should be given to the determination; of riser damping. The critical locations are defined at the

striictural, boundary and geometrical discontinuities of the riser configuration in the bend-stiffener, fouchdown,

sag-bend and hog-bend areas. At each criti¢cal location, the following sources of fatigue damage| should be

evgluated:

a) | wave-frequency-induced motionsfor all wave systems defined in the Metocean criteria;

b) | slow drift (second-order) vessel motions;

c) | vortex-induced vibration‘(VIV) frequencies of the riser under steady current conditions;

d) | VIV motions of ‘the riser-tower that supports the flexible riser in a hybrid riser system and/or|the vessel
hull if applicable;

e) | oscillations'during installation and handling;

f) | sligging.

8.24.2 Fatigue and wear analysis

8.24.21 Flexible pipes are complicated structures, particularly from a fatigue and wear point of view.

Several potential fatigue and wear mechanisms that can be critical exist for each type of pipe. Therefore, each
application should be carefully evaluated, particularly for riser applications. Fatigue calculations for flexible
risers involve substantial uncertainties because of simplifications in the long-term load data and mathematical
models, and complexities in the wear and fatigue processes. An in-service condition and integrity monitoring
programme should be implemented (see Clause 13) if appropriate.
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8.24.2.2

Potential failure mechanisms for the tensile-armour wires include the following:

a) wear between layers and strands of individual cables;

b) fatigue of armour wires in dry annulus conditions and in corrosive annulus environment;

c) fretting fatigue of individual wires — unbonded pipe;

d) wear or fretting between strands within cables;

ion-of armmaourwirgs,
A-o+—aHReUHHWH-BS-

e) corros

8.24.2.3

potential f
slippage (N
failure mo|
polymer/el
functional
Similar slid

8.24.24

In bending of an unbonded flexible pipe, the armour layers slide over each other, with acresulf
br wear. The wear rate is a function of the contact pressure, wear coefficients and' degree
ending related). Models have been developed using experimentally derived data te_simulate

de. However, this problem has generally been overcome in current designs) by the use
pstomer anti-wear layers between the armour layers. The service-life analysis.'should confirm

performance of this layer for the specified design life, particularly for high-temperature applicatig
ing occurs between the individual strands in reinforcing cables.

and reinforicement layers of bonded pipe are below the material endurance limit. (Goodman line in Figure

or fatigue
dataand s
an exampl

Hamage calculations should be performed. The Haigh diagram{should be based on relevant
nould account for material properties, wire sizes and shapes,.and service environment. Figure 2
b of a classical Haigh diagram, showing the fatigue and non-fatigue regions.
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The fatigue analysis should show that the extreme stresses in the‘ténsile armours of unbon?ed
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2 non-fatigue region
3 Goodman line
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Figure 23 — Example of a Haigh diagram
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8.2.4.2.5 Fatigue-damage calculations may be based on a limited number of sea-state classes, provided
selection of such classes is based on conservative criteria. See 5.5.5 for guidelines on the selection of load
cases for fatigue analysis. Fatigue life may be calculated based on the S-N fatigue approach under the
assumption of linear cumulative damage. The S-N data should be derived based on the requirements of
ISO 13628-2 and ISO 13628-10. Calculations should be performed for all critical locations in the riser, such as
at connection points and in the sag-bend region, based on combinations of mean and alternating stresses.

8.2.4.2.6 Conditions leading to fretting fatigue can cause a large reduction in fatigue strength of individual
armour wires or cables, particularly in the low-stress/long-life region. The Goodman line under fretting
conditions can be considerably lowered in the Haigh diagram for armour wires. The potential for fretting

fatigue should, therefore, be the subject of close scrutiny

8.214.2.7  Fretting-fatigue cracks are nucleated at the stick/slip interface, primarily by-the
tangential (friction) force transmitted in the stick region. Important parameters include ‘surface
(oxjdation and other environmental interactions), water ingress (a result of damage to the. outer s
lubfication. The crack-driving force of the tangential stresses has decayed when cracks reach

abgut 1 mm (0,04 in). The cracks can become arrested at that point in the absence)of' normal stre
wire. The cracks can continue to grow with oscillating normal stresses, and thénet result is a
reduction in fatigue life, particularly in the low-stress/long-life region. This emphasizes the requ
dynamic axial stresses in prototype fatigue tests.

8.214.2.8
po
pre
life
loa

ntial failure mode should also be addressed in the service-life analysis. A single fract
ssure-armour wire can be critical for the whole pipe. Theoreticalymodels can be used to predict
of the interlocking profile. These models should be validated by experimental test results. T|
Hing parameters to be considered for the pressure armour.are as follows:

static stress and contact pressure from internal pressure and axial tension;
dynamic stresses, sliding, and friction forces as-a result of bending;
combined effect of corrosion, wear and fatigue.

8.2
pre
fati
cha
tes|
1SQ
in S

4.2.9 A critical parameter in pressure-armour fatigue calculations is the residual stress in the
forming. The residual stress should-be accurately assessed, for example, by local finite-element
jue in this layer is a problem, consideration can be given to taking account of the hydrote
nging the residual stress state’ of the wires, thereby improving the fatigue performance of the
| pressure should not Cause stresses in the pipe above the criteria defined in ISO 13

13628-10. The manufacturer should document test results for the formed wires to verify the im
tructural strength.

8.2

pe
rel

4210 Fatigue)analysis of end fittings and connectors, in addition to the armour layers,

vant fatigtie'loads; the load cases from the fatigue analysis of the armour layers may be used.

8.2l5 AComponent analysis

oscillating

reactions
heath) and
h length of
5ses in the
significant
rement for

Interlocked pressure armour can also fail from fatigue, fretting fatigue or wear, and the¢refore this

re of the
the service
he primary

wires after
analysis. If
5t effect in
layer. The
528-2 and
provement

should be

I‘ormed where felevant. The analysis should be based on standard methodologies and account for all

8.2.51 All ancillary components ot the flexible pipe system should be included explicitly in

the global

analysis at the detailed design stage, where practical. This includes buoyancy modules, subsea arch/buoy
systems, tethers and bend stiffeners. In addition, local analysis of the individual components can be
necessary.

8.2.5.2 It is necessary that the components in a pipe system be designed with regard to the same design
parameters as the flexible pipe, including load cases (global loads and service conditions), and service life.
Components should be designed in accordance with recognized codes and standards, with reference to the
design guidelines in 7.5.

8.25.3 Component interference, which refers to the rubbing together or impact of system components, is
also included in component analysis. The interaction between pipes in a bundle system is one potential
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interference problem. Possible impact between system components, such as between buoys or chains and
risers, is another potential problem. See 7.4.2 for guidelines on interference issues.

8.25.4

Possible “weathervaning” of the subsea buoy/arch system is a critical aspect for certain flexible
riser configurations. Generally, care shall be used to ensure that unsymmetrical hydrodynamic loads do not
cause the buoy/arch system to weathervane and twist the riser beyond acceptable levels. The riser
configuration and buoy/arch system should be designed to avoid this problem.

8.3 Loads
8.3.1 Hydrodynamic loads
8.3.1.1 Wave kinematics
8.3.1.1.1 In the derivation of hydrodynamic forces, it is first necessary to define the wave-induced water-
particle velocities and accelerations: the wave kinematics. Common practice is to model the\wave using linear
Airy wave theory. In some cases, particularly for shallow water, a non-linear theory, suchyds Stoke’s fifth-onder
wave theoty, can apply.
8.3.1.1.2 | Linear wave theory calculates only the kinematics for infinitesimalDwave heights. StretcHing
techniques are available to extend the theory to finite wave heights. The riser response is generally [not
sensitive tp the stretching theory, except possibly for shallow water. Significant amplification of the vae
kinematics| can occur adjacent to large structures (such as the columns{of*a semi-sub) and, where relevant,
this can need to be considered in the riser design. One method fof\modelling this amplification is to Use
increased hydrodynamic coefficients at the relevant location.
8.31.2 Morison’s equation
8.3.1.2.1 | The general practice for modelling of hydrodynamic forces on flexible pipes is to use the Morigon
formulatior], which is largely empirically based. The-formula was originally derived for calculating the
hydrodynapmic forces on vertical, shallow-water, fixed piles with only wave loading. It has since been extenged
to apply tol arbitrarily orientated, moving structures-(such as risers) with both wave and current loading. The
transverse| Morison load per unit length, f,,-due to fluid-structure interaction is typically written as given in
Equation (6):
2 2
_ TEDd . TCDd .

Jm = 5 Pw DyCy VRN|VRN|+PWT Cm VWN — Pw T(Cm ~1)Vpn (6)
where

Vrn IS the normalirelative fluid velocity, i.e. the relative fluid/structure velocity in the transverse direction;

Vwn lis the noral water-particle acceleration;

Von  listhe normal structural acceleration;

Dy s the effective drag diameter;

Cy is the drag coefficient;

Cy s the inertia coefficient,

Py is the seawater density.

8.3.1.2.2 This formulation represents the most commonly used extension of the original Morison’s equation.
A number of comments are appropriate here.
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The inertia component of the original Morison’s equation is replaced by two terms — one proportional to the
normal water-particle acceleration, the other to the normal structure acceleration — because the inertia force
on a moving cylinder in a wave field comprises a hydrodynamic “added mass” term representing the additional
inertia or resistance to motion due to the fluid “entrained” with the moving member, in addition to the force on
a stationary member in an accelerating fluid (the term in the original Morison formulation).

The fluid velocity in the drag term is replaced directly by the relative fluid structure velocity (including current).
The validity of this is open to question but this approach is in widespread use.

8.3.1.3 Limitations to Morison’s equation

The following comments are relevant to the formulation of Equation (6):

The acceleration of the fluid flow for the inertia-force term is evaluated at the centreline of the riser.| Therefore,

higher-order convective acceleration terms are neglected.

y be used;

o the riser

as |a result of vortex shedding are generally neglected. For short’jumpers or “taut” configurations
vortex-shedding response should be taken into account.

The¢ force on a member in close proximity to another isCaffected by the wake field due to interfe
shigelding effects. It is possible that the wake of the first member dynamically excites the membe
Copversely, it is possible that an adjacent large meniber shields a smaller member and leads to a1
hydrodynamic force. These effects, which in general influence only the drag force component, arg
incprporate into Morison’s equation.

irag forces
, however,

brence and
r behind it.
eduction in
difficult to

If several risers are close together, thére is a tendency for a proportion of the mass of fluig enclosed

collectively by them to act as part of the structure. This leads to increased “added mass” forces, wh
modelled empirically by increasing C,,, and also modifies the inertia forces, which should not be cha

1.4 Drag and inertia coefficients

1.41 The drag, £4--and inertia, C,,, coefficients incorporated into Morison’s formulation ar

ing aleng a member and with time. In practice, this renders hydrodynamic force computations i
a ‘eonstant coefficient is invariably used in riser analysis. This introduces a considerable

ch may be
nged.

b empirical

Keulegan-
sidered as
mpractical,
source of

uncertainty in the accuracy of results

FPS 2000 [23], DNV-0OS-C101 [20], and Rodenbusch and Kalstrom [62], provide recommendations on the
selection of drag and inertia coefficients for flowlines and risers. In flexible-pipe analyses, C,, is usually taken
to be 2,0, while Cy4 varies between 0,7 and 1,2. It is recommended that sensitivity studies be performed to
investigate the effect on global analysis results of the selected coefficients. The selection of hydrodynamic
coefficients for large system components (such as buoyancy tanks) can be critical and should be carefully
evaluated. Consideration should also be given to the potential effect of VIV and marine growth on
hydrodynamic coefficients.

For wave-type riser configurations, which use distributed buoyancy modules, the buoyancy section is subject
to significant tangential as well as transverse hydrodynamic forces. Some recommendations on the selection
of tangential hydrodynamic coefficients for buoyancy-module riser sections are given in Reference [40].
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8.3.2 Gravity and buoyancy loads

The analysis should include the gravity and buoyancy loads from all components of the system, including
flexible pipe, buoys and clump masses. Consideration should also be given to loads resulting from marine
growth and ice accumulations.

8.3.3 Internal fluid loading

The mass of the internal fluid should be included in all analyses. Variation in the density should be considered.
Changes in the internal fluid density over the design life can significantly affect some riser configurations,
particularlythe wave r\nnfigllrafinne It also can bhe necessary. for some applications to consider the effect of
slugs (liqu|d and gas) on the system. The loads induced by slugs, which should be accounted for‘n [the
analysis, ale gravity, inertia, centrifugal forces and Coriolis loads.

8.3.4 Seabed and soil interaction loads

The effectg of the seabed, including frictional loads, should be included where relevant. In particular, these are
required for flowline-stability analyses and motion analysis for riser sections lying con-the seabed (lazy
configuratipns). FPS 2000 [23] lists representative soil stiffness and friction coefficients for flexible pipes in
contact with the seabed. The soil stiffness and friction coefficients are reproduced in.Table 18.

Table 18 — Typical soil stiffness and friction coefficients for flexible pipes

Seabed type Direction Stiffness Friction coefficient
kN/m?2 (Ibf/in2)

Clay Axial 50 to 100 (%25 to 14,50) 0,2
Lateral 20 to40+2 (2,90 to 5,80) 0,2t00,4°¢
Vertical 100 ,to5 000 2 (14,50 to 725,0) —

Band Axial 400 to 200 (14,50 to 29,0) 0,6
Lateral 50 to 100 (7,25 to 14,50) 0,8
Vertical 200 to 10 000 ® (29,0 to 1 450,0) —

@  Value irffcreases with increasing undrained soil shear strength.

b Value ifcreases with increasing soil density:

¢ Value irffcreases with decreasing soil shear strength.

8.3.5 Temperature andpressure loads

Temperature- and pressure-induced elongation are generally only a concern in trenched flowlines where there
is a possilility of upheaval buckling. In addition, short, unbonded jumper flowlines can experience signifigant
compressipn loads from temperature and pressure effects, in which case the pipe can need to be reinforged
with additional polymer layers to prevent bird-caging.

8.3.6 Vortex-induced loads

8.3.6.1 The sensitivity of flexible risers to vortex shedding has been the subject of a number of
experimental investigations, which have shown that although VIV occurrs in the modelled risers, the vibration
amplitudes are insufficient to cause fatigue damage. This can be attributed to the following:

a) relatively low vibration amplitudes, probably a result of the inherent structural damping;

b) complexity of flow incident to typical flexible riser systems and the difficulty in obtaining coherence of
vortices in a heaving inclined riser;

¢) hydrodynamic damping.
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8.3.6.2

Many of the factors contributing to VIV are difficult to model accurately in small-scale tests. In full

scale, especially with deep-water risers, the effects of VIV can become more significant due to the following:

a) increased tension-reducing influence of structural damping;

b) increase in hydrodynamic drag coefficients from VIV;

c) strong currents present in some deep-water regions.

8.3.6.3 As a result of the above, the effects of VIV on both the structural strength of components and on

riser global behaviour, particularly with respect to the potential for interference, should be reviewed on a

2 _1Dd =1a aly= = a alala alld A a [} )= =18 lle 2 1) aldala a

case=hy-ca
segtion to account for vortex-induced loading.

8.4 Global-response evaluation
8.41 Regular-wave and irregular-wave approaches
8.41.1 The objective of performing dynamic analyses is to predict the,lifetime maximum

response of the flexible pipe system. The two approaches commonly used for this purpose are re
and irregular-wave approaches.

8.41.2 The regular-wave approach is based on a deterministic sea-state description of
enyironment using a single wave height and period to model the'sea-state. These parameters §
usihg wave statistics or simple physical considerations. The advantage of the approach is that th
calgulation is straightforward, periodic input generally giving\periodic output with no further requ
stalistical post-processing.

8.41.3 In the irregular-wave approach, consideration should be given to performing anal
number of wave periods to identify the critical system responses for both short- and long-wave p
example, the short-period can give the critical lodds at the vessel connection, while the long perig
larger motions in subsea buoy systems.

8.41.4 The limitation of the regularswave approach is that its use is uncertain in syste
response is strongly dependent on frequency. It is often impossible to determine whether or not t
conpservative, particularly in the case of flexibles where conventional methods and software for the
of |eigenfrequencies contain sighificant uncertainties. In such situations, the use of the irre
approach can be necessary.

8.41.5 The irregular-sea approach is based on a stochastic description of the wave envirorn
sed-state is modelled, @s)ya wave spectrum with energy distributed over a range of frequencies
corhmon spectra uséd)are the Pierson-Moskowitz (fully developed sea) and the JONSWAP (deve
spectra. The response in this case is also stochastic, and statistical post-processing is necessary
the|design value of the response. A 3 h irregular-wave duration should normally be considered.

8.41.6
lesg than30 min, provided the generated sea-state is qualified with respect to theoretically know

mic cross-

br extreme
gular-wave

the wave
re derived
P response
rement for

yses for a

eriods. For
d can give

ms whose
he result is
estimation
gular-wave

ment. The
The most
oping sea)
to identify

If"a full 3 h simulation is not performed, the duration of the simulated wave record should not be

n statistical
by using a

prgpéerties of a Gaussian process. The extreme response for the irregular wave should be found
recognt t :

cUu, U =pIrovuavic= c U - apuiatliv - UuUCT.

8.4.2 Formulation of equations of motion

8.4.21
consideration of the following main issues:

a) 2D versus 3D response;

b) 3D wave kinematics;

c) use of small-angle versus large-angle theory;

d) modelling of intermittent seabed contact and friction effects.
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8.4.2.2 A simplification for some riser analyses is the use of planar (two-dimensional) analysis in which
vessel motion, waves, current and any initial displacement of the riser are all assumed to be in the same plane.
For many cases, especially for initially straight (vertical) risers, this is an adequate assumption that can
significantly reduce the resources required for a single analysis. Planar analysis is therefore useful for
preliminary design work.

8.4.23 Spread seas and non-collinear wave and current loads cannot be solved directly with two-
dimensional techniques. In some cases, reasonable approximations still permit the use of two-dimensional
formulations. However, certain problems are inherently three-dimensional and, therefore, require a three-
dimensional analysis. This is generally the case for flexible risers.

8.4.24 The “small angle” assumption has been used for formulating some riser-analysis methqds,
particularly| for vertical, rigid risers. Use of the small-angle theory simplifies the solution through appreximation
of the curvature term, which limits its use to cases where the maximum angle change is less than 103.A large-
angle formpulation shall be used for analyses where the maximum angular change is greater than "0°, which is
typically the case for flexible risers subjected to extreme loading conditions. A number ,of large-argle
formulatior)s are described in References [56] and [36].

8.4.2.5 Interaction of the seabed with flexible pipes is an important consideration"in-global analysis. The
vertical restraint of the seabed can be modelled as either a rigid surface or an elastic foundation. Use of either
method shpuld be evaluated for the particular application. In general, the rigid sufface model is satisfactory,
but is depgndent on the coefficient of elasticity of the seabed soil. The analysis, should be able to accurafely
simulate the non-linear behaviour if a riser is strongly impacting with the seabed.

8.4.2.6 The axial and lateral resistance to movement of the pipe at'the soil interface can be modelled by
a constant|friction model or a hysteresis model. The friction force in a-hysteresis model is gradually built ug as
the pipe slides on the seabed, up to the maximum value depending upon the normal force and the friction
coefficient;| if the movement is reversed, the build-up starts in<thé’opposite direction. However, the hystergsis
model is difficult to apply in practice because the historyof- deformations is required. For this reason, a
constant friction may be used if a proper hysteresis modelis*not available. In this case, it is recommended that
the accuraty of the results be evaluated using sensitivity\studies.

8.4.2.7 The equations of motion are differential equations and, therefore, do not have a closed-form
solution. The selection of appropriate solution methods is therefore critical for efficient analyses.

8.4.3 Solution of equations of motion

8.4.31 Spatial solution

8.4.3.1.1 | Spatial solution of.the equations of motion can be based on analytical techniques (generally jnot
applicable |to global analysis-of flexible pipes) or approximate numerical methods. The numerical methpds
used can He either finiteelement or finite-difference-based.

8.4.3.1.2 | A numerical solution to the equilibrium equations is typically obtained by assembling equations|for
each elemgnt camprising the riser into a system of equations describing the force displacement relationships
for all DORs,-By. combining all equations for elements connected to a particular node, in a manner consislent
with requirements for equilibrium at the node and compatibility between elements, equations relating forces$ at
all global DOFs to displacement at each DOF at the node are obtained. Assembling all such equations for N
global DOFs leads to a system of N coupled algebraic equations. These equations can be expressed in matrix
form, as given in Equation (7):

[ )%} +[Mc ]{}+[ My J{x) = {R] (7)

where

[M,,] isthe mass matrix;
[Mc] is the damping matrix;

[My] is the stiffness matrix;
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is the load vector;

{R}
g
i
2

8.4.3.2

is the acceleration vector;
is the velocity vector;
is the displacement vector.

{
{
{

Temporal solution

8.43.2.1 Frequency domain

Frgquency-domain analysis can be used if there are no non-linearities that significantlyaffect the system

response. Frequency domain may be used for fatigue analysis, as it allows for reasonable statistica
of forces in the pipe. The linear fatigue analyses should generally be combined with non-linear stat
for|flexible-riser systems.

The principal advantage of frequency-domain analysis is a reduction in computational effort for lines
coypled with very simple, unambiguous output. Analysis of linear systems is well understoo
application of frequency-domain results to design criteria for truly linear systems is straightfo
lim|tations of frequency-domain analysis are the difficulties and added complexities associated with
non-linear behaviour. This generally invalidates the technique for, use in large-displacement, fl
analyses.

There are several applications of the method to riser analysis.in the literature, though most apply t
analysis. The application of the method to flexible-riser analysis is described in Reference [46]
conpsiderations in frequency-domain analysis include preper linearization of the wave and current d
and careful selection of analysis frequencies. Frequencies used in the analysis should result in
defjnition of the wave-energy spectrum, vessel-response characteristics and natural frequencies of

8.43.2.2 Time domain

-linear behaviour is important. Nen-linear effects encountered in flexible-riser analyses, incly

domain can also be used torassess the relative accuracy of equivalent frequency-domain an
callbrate them for use in design:

Analysis in the time domain requires a definition of the environment and the applied loading (such
moations) as a function,'of time, typically by simulating wave-time histories. Time-domain analysis
requires a solution.of the equilibrium position at discrete points in time, by considering inertia, da
applied loads.

The¢ equilibrium equation can be solved by implicit or explicit integration methods. Explicit method
ponse(at ¢ + At based on equilibrium conditions at time ¢. Implicit methods solve for response at ¢
qumbrlum at t|me t+ At. Th|s has |mpI|cat|ons on the numerlcal effort reqwred to perform the

| estimates
c analyses

r systems,
i, and the
'ward. The
modelling
exible-riser

b rigid-riser
Important

rag forces,
adequate

he riser.

e-domain analysis is generally required for flexible-riser design, where accurate representation of the

ding large

formations, non-linear loads ahd seabed interaction, can be directly modelled in the time domain. Time

blyses and

as vessel
essentially
mping and

s solve for
+ At based
ntegration.

e steps to

achieve an accurate solut|on Implicit methods often require substantial numerlcal effort at each time step (like
decomposition of the coefficient matrix) but can often utilize larger time steps and are more typically used for
flexible-riser analysis.

All methods have some degree of integration error that is associated with frequency and amplitude of the
integrated response. In certain situations, slight errors in frequency alone can accumulate and lead to
numerical “beating” of the response. It is important to recognize and understand these errors when performing
time-domain analysis, particularly for the purpose of simulating long time histories and developing statistics for
extremes.
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8.4.3.2.3 Modal analysis

A modal analysis may be performed to determine the mode shapes and natural frequencies of the riser
system. It may be used to determine

a) the natural frequencies of the riser system for VIV analysis; the number of modes should be sufficient to
determine the riser response at the highest VIV frequency range;

b) the basis for selecting the wave periods for strength/interference/fatigue/installation analyses when
considered with the motion/velocity/acceleration RAOs at the riser hang-off.

An important consideration in modal analyses is the modelling of nonlinearities, such as the effect .6f fthe
seabed in lazy-riser configurations.

8.4.4 Mogdelling considerations

8.4.4.1 Model discretization

8.4.4.1.1 | Finite-element or finite-difference techniques are typically employed to reduce the differertial
equilibrium| equations to a set of coupled algebraic equations that can be solved pumerically. Discretization of
the riser shall be done carefully to avoid numerical errors resulting from too coarse“a mesh, while producing a
model that|can be analysed with a reasonable amount of computational effort.

8.4.4.1.2 | The level of discretization that is ultimately acceptable depends on the numerical representation
of tension yariation, the spatial variation in physical properties of the-riser, the magnitude of applied load, [the
frequency pontent of the applied load and the accuracy of the desired'results. In general, coarser meshes @are
acceptable for determining approximate displacement solutions>to problems dominated by vessel motidns,
while finer|meshes are essential for accurately determining stfesses in the splash zone or at discontinuities,
such as support points.

8.442 Frequency content selection

8.4.4.2.1 | The frequency content of the input sea-state spectrum is accurately represented for irregular $ea
analyses. The following comments apply.

a) The tgtal spread of frequencies should-cover all frequencies with significant energy.

b) The discretization of the spectrum (i.e. number of frequencies used) should accurately represent the sga-
state. [The discretization can be based on an equal-area approach or an equal-frequency increment
approach, but the equal-area approach is recommended.

8.4.4.2.2 | For time-domain analyses, the sea-state spectrum is synthesized into a wave time history and
may be aghieved byta-number of methods, including Monte Carlo and digital-filtering approaches. The
realized spectrum «(from the time history) should be compared to the input spectrum for accuracy of fthe

8.443

8.4.4.31 The time step used for a time-domain analysis depends on the solution methodology and
software program. All methods require that the time step be small enough to accurately reflect important
frequencies in the load or response. This is analogous to proper spatial discretization of the model and careful
selection of frequencies in the frequency-domain method. Large time steps can result in a quicker analysis
that is accurate for the frequencies represented but may miss important high-frequency contributions.

8.4.4.3.2 The time-stepping scheme used can be based on fixed or variable steps. Fixed steps are
recommended. Variable time steps, however, can result in significantly less computational effort. Results from
variable time-step analyses should be checked to ensure that changes in the time step do not induce
numerically spurious values.
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8.4.5 Effective tension

8.45.1 Effective tension is an important parameter in riser analysis, though it is a subject of much debate.
The equation for effective tension, y,, is as given in Equation (8):

Ve =7a+(Podo)= (B~ 4) (8)
where

7q is the axial (true wall) force;

P; s the internal pressure;

P, is the external pressure;

4; is the internal cross-sectional area of pipe;

A4, is the external cross-sectional area of pipe.
8.45.2 Effective tension has a real effect on the displacement of a\tensioned beam, and|it is often
convenient to treat y, as a physical quantity. Effective tension, however,‘is-not a physical, tensile force, nor is

it
m

n internal force of any kind. Effective tension is a grouping of applied load terms within the ¢quation of
ion. Dynamic-analysis results normally report the effective tension, not the true wall tension.
8. well as to
ection of a
cause it is
the lateral

5.3 It is important to understand this distinction whenformulating the analysis model as
avq@id misinterpreting results of typical riser analyses. For example, the lateral force at any cross-s
risgr is equal to shear plus the effective tension times the ‘slope. This calculation is valid only bg
equivalent to integrating pressure around the tube.¢ircumference and adding the shear and

COofr

8.45.4

uns
low

nponent of tension. Detailed discussions on effective tension are provided in References [48] an

Low or even negative effective tension over a portion of the riser does not imply that
table, nor does it cause the riser to instantaneously experience Euler buckling. The direct cons
or negative effective tension is low lateral stiffness, the result of which is adequately estima

i [61].

the riser is
pquence of
ted by the

sta ession that

0C(

ndard global riser analysis if changes:in effective tension are accounted for. Any effective compr
urs should be shown to be tolerable‘for the pipe; see the design criteria in Clause 5.

9 | Prototype testing

9.1 General

9.111 Clause 9/gives guidelines on the requirements for prototype tests and presents progedures for
penforming these tests. See 1SO 13628-2 and 1SO 13628-10 for factory-acceptance and mjaterial-test

requirements:

part of the

Pratotype test documentation is intended to be reviewed by the independent verification agent as
oip ) e i

9.1.2 The requirements for prototype testing are subject to agreement between the manufacturer and the
purchaser, and can be based on the recommendations given in Clause 9. As an alternative to prototype
testing, the manufacturer may provide objective evidence that the product satisfies the design requirements.
Objective evidence is defined as documented field experience, test data, technical publications, finite-element
analysis or calculations that verify the performance requirements, and may be used if the envelope of
applications for an established design is proposed to be marginally extended.

9.1.3 The number and range of prototype tests that can be performed on flexible pipe is extensive.
Prototype tests are generally destructive and are therefore expensive to undertake. Cost and/or time
implications make it impossible to perform a full range of prototype tests for each pipe design.
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9.1.4 For high-temperature applications, the design of the end-fitting sealing mechanism for unbonded pipe
is critical. The test procedures currently being used are given in Annex A and Annex C for both static and
dynamic applications. These protocols may be superseded based on results of future tests. Close attention
should be paid to surface preparation and thickness and to oil storage and oxygen content.

9.1.5 A selected group of tests for qualification of a prototype design normally includes material and FAT
tests, as specified in ISO 13628-2 and ISO 13628-10.

9.2 Design programmes

9.21 As
The object

a) prove
b) valida
9.2.2 Th

reduces th
methodolo

g T, class T prototype testing s Tecommendedfor mew or unproveTr flexibte-pipedest
ves of prototype testing should be as follows:

or validate new or unproven pipe designs;
e the manufacturer's design methodology for a new pipe design.
e second objective increases the level of confidence in the design methddology and ther

e requirements for prototype testing in the future. The requirements for the manufacturer's des
jy are specified in 1ISO 13628-2. The design methodology should proyide‘a conservative estim

of the faily
design me

re load for the particular prototype test. A confidence limit should be&” established by which
hodology can be shown to be conservative.

9.2.3 Fupdamental to reducing prototype test requirements is the necessity to increase confidence level
the design methodology. All tests performed should be used to validate the design methodology and

minimize f
to perform
recommen

ture requirements for prototype testing. It is fully permissible to use validated analytical approac
extrapolations from relevant tests, taking parameter variations into account, subject to
Hations of Clause 9.

9.3 Clagsification of prototype tests

Prototype fests are classified into three classes as follows:

a) class | Standard prototype tests, as most commonly used;

b) class | Special prototype tests; used regularly to verify specific aspects of performance, such
installation or operating conditions;

c) class|ll: Tests used anly-for characterization of the pipe properties.

Table 19 ligts tests that céme under these classifications. The loading used in the dynamic fatigue test lig

as a class
bending ar

Procedure

ns.

by
ign
ate
the

as

ted

Il test may besingle or combined loading. The selection depends on the application; a combifed

d axial test\is recommended.

5 fop class | and |l tests are given in 9.6 and 9.7, respectively. Procedures for class Il tests shd

uld

be in accovldance with the specifications of the purchaser or manufacturer.
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Table 19 — Classification of prototype tests

1:2007(E)

Weathering test

Structural-damping test

Class Type Description Test condition/comment
| Standard prototype tests a) Burst pressure test Typically in straight line
b) Axial tension test At ambient pressure
c) Collapse test With outer sheath perforated or omitted
Il Special prototype tests a) Dynamic fatigue test Bending, tension, torsional, cyclic pressure,
rotational bending or combined bending and
tension fatigue tests
b) Crush strength test Installation test
c) Combined bending and Installation test
tensile test
d) Sour-service test To examine degradation of steel|wires
e) Fire test
f)  Erosion test To examine degradation of carcgss
g) TFL test Also includes pigging test
h) Vacuum test Bondstrength in test for bonded |pipes
i) Kerosene test Detect permeation or leakage of
hydrocarbon through liner of bonded pipe
j)  Adhesion test Verify bond strength of bonded plipe
k) Full-scale blistering-test Determine suitability of bonded gdipe to gas
service
1] Characterization and other a) Bending-stiffness test To MBR (non-destructive)
prototype tests
b) Torsional-stiffness test To allowable torque (non-destrugtive)
c)« (Abrasion test Test for external abrasion
d)~ Rapid-decompression test
e) Axial-compression test Upheaval buckling and compressgion
capacity
f)  Thermal-characteristics test| Dry and flooded conditions
g) Temperature test High- and low-temperature cycling
h) Arctic test Low-temperature test

UV resistance

Characterization test

9.11 Test requirements

9.4.1

General

The requirements for prototype tests should consider whether the pipe is a new design or new application,
and what the critical failure modes and consequences are. In addition, scaling limitations and applicable tests
should be addressed. These are discussed in 9.4.2 to 9.4.5.
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9.4.2 New pipe design or application

9.4.2.1 A new pipe design is defined by a substantive change or modification to one of the following:

a) pipe manufacturing process
b) pipe structure;

c) pipe application.

(structural layers, internal pressure sheath or end fitting);

9.4.2.2 Tahles 20 and 21 raosnectivel identifvcriticalissues raelatad ta-nine-strictura-and annlication as
4.4. o4 o L e pecthMer/—aeRtHy-cHHcaHHSSH Feratec—+o-pip Hette—ahRc—appHeatoh

well as re¢ommendations on prototype test requirements. The requirements for prototype testing of a\new
design are|very dependent on the application and this should be considered. For example, a large difference

exists between a low-pressure static flowline and a high-pressure riser application.

Tab1e 20 — Recommendations for prototype tests — Modifications to pipe structure design

No. Dlesign modification

Recommendation on requirement for prototype tests

1 Interphal/external diameter

Probably not required. However, it can be necessary for large variations frpm
previously qualified designs to be verified by prototype‘testing; see 9.4.4.

2 |Numper and order of layers

Required for substantive change to structural layers\only.

3 [Metdllic-layer construction

Required if cross-sectional shape or material.type is substantially changed.

Material qualification required.

4 | Polymer/elastomer layer

Material qualification tests only required.

Spirglling angle

Only required for angle & changes-outside the following, where @is measured relafjve
to longitudinal axis:

— carcass or pressure=armour (unbonded) layers: 6 < 80°;

— tensile-armour (unbonded) and reinforcement (bonded) layers: 20° < 6< 6D°.

6 |Endfitting

Required for substantive change to the end-fitting design, in particular:
— change.in-armour/reinforcing-layer anchoring system;
— changg in epoxy material;

—_CJchange in internal/external fluid-integrity systems (sheath/liner anchoring).

7 | Lubricant (unbonded)

Not{required. Material qualification is required.

8 [Matgrials

Generally sufficient for materials testing to be performed.

NOTE The above recommendations can vary for different applications, such as flowlines and risers.

Table 21— Recommendations for prototype testing — Changes in pipe application

No. | Change.in'pipe application

Requirement for prototype testing

1 | Trangparted fluid

Generally not required. Compatibility to transported fluid can generally |be

determined by material testing. However, for unusual transported-fluid conditions,
prototype testing can be required. In particular, the following require consideration
for prototype tests:

— sour-service and corrosive environments;
— high-temperature and low-temperature applications;
— high-pressure applications.

2 |Service life

Not required for static applications, as material testing is generally more relevant.
Not required for dynamic applications if previous testing can be extrapolated to the
required service life.

3 |External environment

Dependent on the environmental conditions. Not required if interpolation from
previous tests can be performed.
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The requirements for prototype tests should consider the criticality and consequences of pipe failure. In
particular, potential defects, the consequences of these defects and the causes should be identified. The
major potential defects in unbonded flexible pipes are identified in 13.3. Table 22 identifies critical prototype
tests that can be used to verify the pipe design for some of these potential defects and failure modes. This

table should be referred to when determining prototype test requirements.

Table 22 — Potential flexible-pipe failure modes and associated critical prototype tests

—Pipecomponent

Faituremode

Prototype test]

Cdrcass layer

Collapse failure modes:

— due to external and/or
pressures;

— due to armour layer pressure;

— due to installation loads.

Collapse test

Tensile test

Combined-’bending and tensile test,

crush'strength test

2) Wear. Erosion test
3) Material failure. Material tests
Internal pressure sheath or bonded|1) Rupture due to pressure. Burst test
pige liner
2) Creep extrusion. Burst test and temperature test
3) Material failure. Material tests
4) Wear. Erosion test
5) Fatigue. Dynamic fatigue test
Stiuctural layers 1) Structural failure due to loading:
~_tension; Tensile test
~— compression; Axial compression test
— pressure. Burst test
2) Wear and fatigue. Dynamic fatigue test
3) Bird-caging. Axial compression test
4) Adhesion/delamination for Adhesion test
elastomers.
5) Material failure. Material tests
Inqulation layers 1) Loss of insulation due to flooding. | Thermal characteristics test
2) Installation crushing loads. Crush strength test
Engd fitting 1) Pressure sheath/liner pull-out. Temperature test
Z) Remnforcing/remforcing-rayer Dynamic test, tension test
anchoring.
3) Epoxy failure. Dynamic test, temperature test

NOTE Detailed lists of potential pipe defects are given in 13.3.
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9.4.4 Scaling limitations

9.4.4.1 Scaling of previous test results may be used to verify the members of a product family in
accordance with the guidelines of 9.4.4. Tables 1 and 2 list the flexible-pipe product families. The pipe design
principles and functional operation should be similar for scaling purposes. In addition, the design stress levels
in relation to material mechanical properties should be based on the same criteria, i.e. equivalency in
utilization or accumulated fatigue damage. The following scaling limitations are recommended.

a) The test pipe may be used to qualify pipes of the same family having equal or lower pressure rating.

b) Testing of one pipe of a product fnmily should \/nrif\ll products with an internal diameter of 508 cm (’) in)

larger jor smaller than the size tested.

c) The tgmperature range and number of cycles verified by the test product should include all températures
that fa]l entirely within that range for the particular test fluid component.

d) The tgst fluid should verify all products with the same materials as the tested pipe.

9.44.2 The scaling comparison may also be made based on pressure times internal diameter (P x D;),
with the tegt pipe qualifying pipes with a lower P x D, value, subject to the internal diameter limitations.

9.4.5 Applicable prototype tests

9.4.5.1 In 9.4.5, the prototype tests are described which are applicable to the design modifications and
application| changes listed in 9.4.2. Tables 23 and 24 list the requirements for class | and class Il prototype
tests, respgctively, as defined by Table 19. These requirements are subject to the recommendations of 9.4.2
to 9.4.4, inglusive.

9.4.5.2 Changes to transported fluid, service life or extetnal environment do not require class 1 prototype
tests, but gan require materials testing as in ISO 13628-2.and ISO 13628-10.

Table 23 — Recommendations for class | prototype tests

Design modification or Recommended class | prototype tests

change in application Burst Tension Collapse
Internal/external diameter X X X
Number or order ©of layers X X —
Internal cargass — — X
Internalpressure X — X
Pressure-armour layer X — X
Tensile-armour layer — X —
Spiralling angle X —
End-fitting design X —
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Table 24 — Recommendations for class Il prototype tests

Design modification or change

. .. Recommended class Il prototype tests
in application

New design or more severe dynamic |Dynamic fatigue test
loading conditions

New installation system or water Crush strength test
depth

Installation of new design or deeper | Combined bending and tension test
water using harizontal laving qprpad

Sopr-service conditions Sour-service test

Critical fire-protection requirements | Fire test or calculated fire-survival time conservatively calculated,by a method
anfl untested design validated by previous fire-test results

Selvere sand production and severe | Erosion test
consequences of failure

9.8 Test protocol

9.51 Test sample

9.51.1 Prototype testing should be conducted on fullssize products that represent thg specified
dimensions for the relevant components of the end product being verified. This does not apply to thHe length of
the| flexible pipe, excluding end fittings. The minimum length excluding end fittings should be the| greater of
(9,84 ft) or 10 x D;, unless specified in the test procedures in 9.6 and 9.7. The test samples| should be
jected to FAT testing.

1.2 The actual dimensions of pipe subjected to prototype testing should be within thg allowable
rance range for dimensions specified«for normal production pipe. These actual dimensigns should
resent the worst-case conditions, wheére. practical. The sample should include any weak points that can
ur in the final product, including welds,repaired or damaged sections and process variations.

1.3 Test samples shouldtrepresent the actual product that is supplied, considering both |the design
manufacturing procedures~Consideration should be given to potential differences between sample and
uction pipe if samples are 'made up using semi-manual procedures (for example, not from a|production
). It can be necessaryto- consider reproducing some of the critical test results on production gamples to
fy the manufacturing-equipment and procedures.

14 All tests) should be carried out with end fittings mounted that are identical to those uged on the
uct to be quadlified, except where recommended by this part of ISO 13628.

9.52 Testequipment

TegtZequipment should conform to internationally recognized standards. All test equipment and
instrumentation should be calibrated on a regular basis, at least once a year. Current certification and
calibration certificates for all test equipment should be included in the test report.

9.5.3 Test procedures
9.5.3.1 If tests require variables (such as temperature or pressure) to be constant, the particular variable
should be stabilized prior to commencement of the test. Stabilization is defined as follows for pressure and
temperature parameters:

a) pressure variation for 1 h is within = 1 % of the test pressure;

b) temperature variation for 1 h is within £ 2,5 °C (36,5 °F) of the test temperature.
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9.5.3.2 The necessity for pressure cycling the sample prior to test start-up should be evaluated by the
manufacturer when structure accommodation (bedding-in) can affect the results. For example, in a burst test
where deformation measurements are required, a minimum of three cycles (from zero to test pressure)
performed as follows is generally sufficient:

a) first cycle for structure accommodations (bedding-in);

b) second cycle for accurate measurements;

c) third cycle to verify measurements from second cycle.

9.5.3.3 The load-application requirements are different for each test type, and are discussed in [the
individual {est descriptions. The load-application rate should be representative of the load-application rate
applied unfler factory and field acceptance testing, installation and service conditions. The maximumloading
rate should not exceed 5 % of the expected maximum load per minute.

9.5.4 Post-test examination
Pipe disseftion should be performed whenever a sample fails. Failure evaluations.and abnormalities shquld
be reportedl. All relevant items should be photographed. The examination document/should include a wriften

statement flescribing any defects that were found in the test sample and whether-or not these defects resulted
in design driteria being violated.

9.5.5 Dogumentation

9.5.5.1 Before testing, the manufacturer should issue to the purchaser a detailed test procedure that
should include the following items as a minimum:

a) type of tests to be performed;

b) schedlle and duration of tests;

c) test dgscriptions (including sketches and equipment set-up);

d) type ahd size of samples to be tested;

e) equipment descriptions (includingaccuracy, calibration, and sensitivity);
f)  data forms to be filled during;the tests;

g) acceplance criteria;

h) predicfed results~and failure modes, where applicable;

i) referepces torapplicable quality control procedures, codes, standards, etc.;

H d Biatiaon-aof ac bt e s nciane an A ot el ot At
J ocumeftator-or-as—puht-ameAStioRS-aRaMateriar STCTTYtr

9.5.5.2 After testing, the manufacturer should submit a detailed test report to the purchaser for approval.
This test report should contain the following as a minimum:

a) gathered data and final results;
b) report on post-test examination;
c) comparisons between predicted and observed values;

d) conclusions.
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9.5.6 Availability of results

Tests should, as much as possible, be carried out in a consistent manner, such that the results are applicable
to future designs. All test results should be available for verification of future designs. Tests should be
conducted, where practical, such that the results and records can be accepted in lieu of repeated testing for
other applications.

9.5.7 Intermediate results

Results of all tests, including results at intermediate stages, should be compared with analytical results from
the design programme of the manufacturer. Discrepancies should be investigated and reported to the
0 define pipe properties, such,a$ axial and

bending stiffness.

9.5/8 Validity of test results

Test results are valid unless a substantial change to the process (test procedure, design, or mapufacturing
prgcedure) invalidates the results.

9.5(9 Accelerated tests

9.59.1 Accelerated tests may be performed by increasing the following, subject to the apprpval of the
purchaser

a) | cyclic frequency;

b) | internal pressure;

c) | magnitude of movement;

d) | temperature.

9.59.2 The manufacturer should provide decdmented evidence for accelerated tests that the yariation in

test parameter does not significantly affect the results or change the mode of failure, and that the test period is
satjsfactory.

9.5.10 Multiple tests

Single samples can be subjected te multiple tests, with non-destructive tests (such as bending, torsional
stiffness tests, and FAT tests)\performed prior to a destructive test. It is necessary to evaluate the test
sequence carefully to ensurethat earlier tests do not affect the results of subsequent tests.

9.5111 Repeatability of results

The design parameters and manufacturing tolerance parameters that affect the performance should define the
bolyinds for the{qualification achieved and should be accounted for in the definition of the jacceptable
ap;l:lication envelope when a single sample is tested. Application of the test results in design and analysis
shguld use the' critical parameters in a conservative manner.

9.4 Procedures — Standard prototype tests

9.6.1 General

In 9.6.2 to 9.6.4, procedures for the standard class | prototype tests, namely burst, tensile and collapse tests
are contained.

9.6.2 Burst test

9.6.2.1 Description

Figure 24 illustrates the test set-up for the burst test. The burst test should be performed with the specimen in
a straight configuration. The minimum length of the test sample, excluding end fittings, should be either two
times the pitch length of the outer armour wires/reinforcing cables for a straight configuration or three times
the pitch length of the outer wires for a bent pipe. The test fluid is generally water.
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1 linear measurement device 6 counter and controller (optional)
2 specimen 7 circulation pump (optional)

3 thermocouple (optional) 8 pump

4 60 °C (140 °F) hot water (optional) 9 pressure gauge

5 ambient-temperature water 10 temperature gauge

NOTE This pressure and optional temperature test is similar to ASTM D2143 [13],

Figure 24 — Schematic of set-up for the burst test
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The requirement for pressure cycling (see 9.5.3) should be considered prior to commencement of the burst
test. The first 50 % of the expected load shall be applied at a maximum rate of 1 %/s with no holding period
prior to applying the balance of the load at a maximum rate of 5 %/m without holds. Failure is defined by a
sudden loss in pressure. The burst pressure, mode and location of failure should be noted. Internal pressure,

pipe twist and pipe elongation should be continuously monitored during the test.

9.6.2.3  Acceptance criteria

Th D Illcdbulcd bwat PITCOoSUIT D: IUu:d bC yIUGtCI t: 1arl thc dcb;yll IUqu;ICIIIUI Itb apCb;ﬁcd ;II :SO 1\
ISQ 13628-10. Failure of the end fitting itself or failure due to armour wire/reinforcing layer pull-o

eng
9.6
The
9.6

Thg
9.6

9.6

Fig
the
be
che

fitting should not occur.

2.4  Analytical requirements

p effect of tension and bending on burst pressure should be analyzed.

2.5 Alternatives

e burst test may be performed with the sample bent to its design MBR,
3 Axial-tension test

3.1 Description

ure 25 illustrates the test set-up for the axial-tension.test. The axial-tension test should be perf
specimen empty and free to twist. The minimum®length of the test sample, excluding end fittin
two times the pitch length of the outer armouring wires/reinforcing cables. One or more pigs can
ck the reduction in the internal diameter during the test.

628-2 and
Ut from the

brmed with
gs, should
be used to
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b) Tensile test — Fixed in torsion

tensile gauge
pulling jeck
angular|sensors
elongatfon sensors
swivel
translat|ng guides
coupling bar

N O b WwWN -

NOTE 1 [The test can be conducted at ambient temperature, design pressure, or both.

NOTE 2  [Strain gauges are optional.{f-used, they indicate only surface conditions or the conditions at the layer where
they are applied. They are likely nat to be representative of the general stress of the pipe.

SAFETY RRECAUTIONS —_8ince catastrophic failure is probable, protect personnel conducting the
test.

Figure 25 — Schematic of set-up for the axial-tension test

9.6.3.2 Procedure

One end of the sample is fixed and an axial load applied to the other end at the rate specified in 9.5.3. Load
application should sufficiently show that dynamic amplification is not introduced. As a guideline, load
application should be completed in approximately 5 min. The failure tension, mode and location of failure
should be noted. In addition, applied load, elongation and twist of the sample should be continuously recorded.
Failure occurs if the tensile load drops or sudden elongation occurs.

9.6.3.3  Acceptance criteria
The measured failure tension should be greater than the design requirements specified in 1ISO 13628-2 and

ISO 13628-10. Failure of the end fitting itself or failure due to armour wire/reinforcing layer pull-out from the
end fitting should not occur.
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9.6.3.4  Analytical requirements

The effect of internal pressure and fixing the ends from rotating on the failure tension should be analyzed.

9.6.3.5 Alternatives

The axial-tension test may be performed with the pipe full of water at design or a lower internal pressure. The
internal pressure in this case should be continuously monitored during the test with a sudden pressure drop
(indicating an internal sealing failure) or reduction in tensile load taken as failure of the sample. The test may
also be performed with the ends of the pipe fixed in rotation.

9.604 Collapse test

9.6/4.1 Description

9.6/4.1.1 Figure 26 illustrates the test set-up for the collapse test. The test set-upshould be such that the
end fittings (or sealed simple end caps) are not exposed to external pressure or, if-exposed, a rigid|bar should
be | installed between the two ends to eliminate end-cap loads. The rigid‘ bar may be omitted if the
manufacturer wishes to demonstrate that the pipe design is suitable for compression loads. The tes should be
performed with the specimen in a straight configuration. The minimum length of the sample, exdluding end
fittings, should be 5 x D.

a) Set-up1?

b) Set-up 2
Key
1 pressure gauge
2 volumetric measurement device
3 pressure source P

@  The pipe specimen in set-up 1 is axially stiffened.
The pressure vessel and pressure source shall be capable of operating up to pipe collapse pressure.

Figure 26 — Schematic of set-up for the collapse test
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9.6.4.1.2 The outer sheath should be removed or perforated such that water ingress into the annulus of the
pipe occurs prior to the test. The sample should be at ambient internal pressure and may be empty or filled
(partially or completely) with water. In general, water is used as the test fluid. It is not necessary to include the
tensile-armour layers or the outer sheath in the sample. If included in the sample, intermediate sheaths should
also be removed or perforated, unless the pipe design is based on an impervious intermediate sheath.

9.6.4.2 Procedure

The external pressure may be applied at a maximum rate of 10,34 MPa/min (103,42 bar/min or 1 500 psi/min)
until failure occurs in the pipe. Failure is defined as a sudden variation of the volumetric measurement or,
depending on-the-test Uqu;plllcl t-a-stdden pressture toss—The uu“apoc pressttre; mode-andHocationof-faiture

should be noted.

9.6.4.3 Acceptance criteria

The measlired collapse pressure should be greater than the design requirements specified in ISO 13628-2
and ISO 13628-10.

9.6.4.4 Analytical requirements

The effect jof bending and axial tension, including that of the outer sheath, on the collapse pressure should be
analyzed.

9.6.4.5 Alternatives

The sample may include end fittings. The test may be performed with a leak-proof outer sheath or with
support to |prevent axial compression of the pipe. The test majalso be performed with an axial tension Ipad
applied.

9.7 Proc¢edures — Special prototype tests

9.7.1 General

In9.7.2 to P.7.12, the recommended procedures for class Il prototype tests are listed, namely dynamic fatigue,
crush stremgth, combined bending and-tensile, sour-service, fire, erosion, TFL, vacuum, kerosene, adhegion
and full-scéle blistering tests.

9.7.2 Dynamic fatigue test

9.7.21 Description

9.7.21.1 Figure-27) illustrates the overall definition of the dynamic test programme, including riser and
bend-limitgr design. Figure 28 illustrates a typical test set-up. The sample is hung vertically or tensiomed
horizontally from‘a rocker arm which can apply cyclic rotations. A tension load is applied to the opposite gnd.
There are [two’ types of full-scale dynamic tests, a service simulation and service-life model validation. The
objective of a service simulation test is to determine the structural integrity of the top section of the flexible
pipe, including end fitting and bend limiter, under simulated operational conditions. The objective of a
service-life model validation test is to apply loading which results in cumulative damage equal to 1,0 based on
the service-life analysis for a structural layer, normally either the pressure armour or the tensile armour.
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The objective of the flowchart is to show flexible-riser and bend-stiffener design and the definition of a dynamic

qualification programme.

Figure 27 — Dynamic fatigue test-programme definition
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The bend-stiffener design may be modified for the prototype sample to change the stress levels in the pipe.
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’ :::
7.

Figure 28 — Typical set-up for a dynamic fatigue test

9.7.2.1.2 The minimum length of the test sample, excluding end fittings, should be as follows.

a) The length between the lower end fitting and the bottom of the bend-protection device should be at least
three times the pitch of the outer armour wires/reinforcing cables.

b) The length between the top end fitting and the top of the bend-protection device should be at least one
pitch of the outer armour wires, unless the end fitting is attached to a bend stiffener.
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9.7.2.1.3 The test sample should have end fittings attached at both ends, with a bend stiffener attached to
the top end fitting. As an alternative, a pipe without a bend stiffener may be tested if the set-up includes a
suitable bellmouth. The sample should be subjected to maximum operating internal pressure and a
conservative tensile load related to the dynamic environment.

9.7.2.2 Procedure

9.7.2.21 The cyclic loading of the riser top should be divided into a number of blocks, each with a different
angle amplitude, frequency and number of cycles. The frequency for each load case should be specified by
the manufacturer. Typically the frequency increases as the angle range is reduced. A higher frequency can
reduee-thetotat-test Pef tocHbut-can 3cllclatc an unauucptab:c tUIIIpUIatUIC inerease-intheriset tup ecause of
friction between the layers. Local test-site conditions, including temperature, machinery, ‘and cooling
requirements, influence the cycling rate. Thermal analysis is recommended to determine the’ cycling rate.
Talle 25 provides an example of a typical cycling programme.

Table 25 — Sample dynamic fatigue test programme

Block No. Meanoangle Cycle alonplitude Minimu:n angle Maximuom angle R;I?t;:ﬁa:g.
1 5,0 1,25 3,75 6,25 1,000
2 5,0 2,50 2,50 7,50 0,550
3 5,0 3,75 1,25 8,75 0,250
4 5,0 5,00 0,00 10,00 0,075
5 5,0 7,50 -2,50 12,50 0,025
6 5,0 10,00 -5,00 15,00 0,010
7 5,0 15,00 -10,00 20,00 0,001

@ | No more than 25 % of the cycles of any block containing more than 1 % of the total cycles should be applied prior td switching to
angther block.

9.712.2.2 In a service simulation test, the total number of cycles in all blocks should be approximately
2 X108 to 4 x 108. The numbertof cycles in each block depends on the application (such as floaer motions
and environmental conditions)»Table 25 includes an example of a relative distribution of cycles per|block. The
load cases should be selected such that the structural layer most susceptible to fatigue (i.e. shortest life
calgulated in the service-life analysis) experiences cumulative damage in the test greater than or equal to that
experienced in service-over the field life. The difference in annulus environment between test and field
conditions should be considered in comparing the test damage with the field damage. The loadind should be
applied either randomly or in groups of a specified percentage of all of the load blocks. Non-destructive
inspection may/be conducted periodically to check for damage to the structural layers in the bending zone.
Approximately’ 400 000 cycles are applied with a single angle range, tension and internal pressure in a
seryice:life:model validation test. This block is selected based on achieving a cumulative damage df 1,0 in the
brmost susceptible to damage. The test conditions may be adjusted to attempt to achieve 1,0 lcumulative
Nage in dny or tne J Ardl 1dVe PASECA ON NS SE C-11S dnd

9.7.2.2.3 The last block, with the largest cycle amplitude, normally represents the extreme operation
conditions in the service simulation test. A limited number of cycles is required to represent this condition,
preferably at the end of the test programme. Application of the largest-amplitude block is held until the end
because it may artificially improve the fatigue performance of the pipe by strain-hardening the armour wires.
The largest-amplitude blocks may be applied at both the beginning and the end of the test to create a more
conservative test if it can be shown that strain-hardening does not occur.
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9.7.2.2.4 The following variables should be continuously recorded:

a) number of cycles;

b) internal temperature;

c) external ambient temperature;

d) internal pressure;

e) applieg-tensiontoad;

f) actuallangles applied.

9.7.2.2.5 | The end of the initial dynamic fatigue test is defined as failure of the pipe (or bend stiffener)|or,
alternatively, successful completion of all cycles. The sample should be subsequently pressure-tested gt a
minimum df 1,25 times the design pressure with the tensile load applied if fatigue failure of the pipe does |not
occur. The pipe should be non-destructively inspected to verify the condition of the structural layers priof to
conducting additional dynamic loading upon completion of the test. Table 28 lists' proposed methodq of
non-destrutive inspection. The dynamic fatigue test may be continued in a service_simulation test if ther¢ is
notable damage to one of the structural layers that does not result in failure of\a-pipe layer. It may also|be
continued |n a service-life model validation test if the non-destructive inspectiondoes not indicate any notgble

damage. Notable damage is defined in 9.7.2.3.

9.7.2.2.6
evidence of degradation of the pipe structure over an area including the location of highest curvature variat
Layers that show signs of damage should be subjected to detailed examination.

9.7.2.3 cceptance criteria — Service simulation

The pipe ghould have passed the test sequence without leakage or failure of the pipe structural layers
defined in [Table 26. If there is notable damage to any-of the structural layers, the test should be continued
an additionjal 25 % cumulative damage to the layerthat is notably damaged. See 13.3 and Tables 27 and

A layer-by-layer dissection of the test sample should be conducted to record the condition and

on.

as
for
28

for other defects that may be considered to affect the integrity of the pipe structure. A test pipe that has bgen

through a gervice simulation test is expected to suffer some layer degradation from the as-built condition. T
acceptanc
completion

of the initial dynamic test,

Table-26 — Acceptance criteria — Service simulation

criteria for each layer should. be clearly agreed between the purchaser and manufacturer priof

'he

L3yer Failure definition Notable damage

Internal carcass JThrough-wall crack or loss of interlock that can
cause pipe collapse or damage to the pressure
sheath if the pipe is bent to the SBR in any

plane

Deformation of profile, loss of cross-section

Pressure afmour

Through-wall crack or loss of interlock that can

Variance from the profile shape that resultd in

cause failure of the internal pressure sheath if
the pipe is bent to the SBR in any plane

the service life (by analysis) being reduced
below the field life

Non-through-wall cracks in areas with the
highest alternating stress

Tensile armour

Torsion imbalance greater than 1°/m in the
field hydrotest (one end free to rotate)

Axial stiffness of the pipe reduced by a factor
of 20 % from value at beginning of test

More than 5 % of the armour wires broken in
any layer

Less than 5 % of the armour wires broken in
any layer
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9.7.2.4  Analytical requirements

The result of this test is a curvature histogram indicating the number of cycles per class without failure of the
pipe structure, end fitting or bend stiffener and documentation of the dissection. A comparison of the predicted
and actual results based on the service-life analysis should also be provided. This information can be used to
estimate the lifetime of a particular riser design for the expected history of floater motion and environmental

conditions.

9.7.2.5 Alternatives

Thi

s 1 & e e & H & i AL i 4 & & H
partucuidl (Tol TULUSTOS Ul TdligyutT dlt a TISTI TUY LCUTTITULUTT. ANTTTIAlUVT ITol STLEUYS diT TTUUI

ed if other

segtions of the riser are considered critical, such as riser sag bend or seabed touchdown regienh\for catenary
risgrs. In this particular test configuration, the following parameters may be altered:

a) | internal pressure;

b) | internal temperature;

c) | mean angle;

d) | cycle amplitude;

e) | number of cycles.

In addition, strain in the outer tensile wires/reinforcing cables-near the bend stiffener may be record

9.713 Crush-strength test

9.713.1 Description

9.713.1.1  The crush-strength test determines the suitability of a particular design for installation with
tensioners. The number of tensioner belts\is-typically three or four.

9.73.1.2 The test set-up should represent the tensioner system on the particular installation| vessel. In
particular, the number of belts ahd geometry of shoes should be comparable. The minimum lenpgth of the
sample should be two times thepitch length of the outer armouring wire when tensile loads are applied.
9.713.2  Procedure

The¢ flexible pipe sample should be positioned empty, without internal pressure, on the test d
crushing load is~increased from zero up to 110 % of the pipe design compression capacity at
greater than 1\%"of the maximum load per second (1 %/s). The compression load should be ke
(within +2.%)) for a period of at least 1 h. In the loaded condition and after unloading com
ovilization-of the pipe is measured. Test loads should be based on the load expected during install
safpty-factor. The radial load is a function of pipe mass, depth and other factors.

evice. The
a rate not
bt constant
letely, the
tion with a

9.7.3.3  Acceptance criteria

The permissible ovalization of the pipe in the loaded condition is 3 % and in the unloaded condition is 0,2 %.

The value for the unloaded condition may be increased if the larger value is used in collapse calcul
5.4.2.4.

9.7.3.4  Analytical requirements

The effect of tensile load on the crush strength of the flexible pipe should be analysed.

© 1SO 2007 — All rights reserved
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9.7.3.5 Alternatives
The crush-strength test may be performed with a tensile load applied. It is recommended that the tensile load
be at least the design installation tension and be applied prior to the compression load at a rate not to exceed

1 % of the load per second. Also, the compression load can be increased in steps until the acceptance criteria
are exceeded, so as to determine the maximum compression load of the pipe.

9.7.4 Combined bending and tension test

9.7.41 Description

9.7.4.1.1 | The combined bending and tension test verifies the installation of a particular flexible-pipe-degign
with a horjzontal installation spread. This test simulates the passage of the pipe over the sheave-of|an
installation| vessel. It is not necessary in this test for the sample to include production-type end fittings. 1: is
necessary [only that the terminations be capable of transferring the tensile load to the flexible jpipe. Damage
due to the Hissection process should be ignored.
9.7.4.1.2 | The test sample should be positioned empty, at ambient internal pressure)-on a special deyice
that simuldtes the pipe-laying sheave of the installation vessel, with an identical bend‘radius and transverse

profile. Thg¢ sample should also be connected to a suitable tensile load machine. The straight section of gipe
connected|to the tensile load machine should be at least the length of the pipe bentover the sheave.

9.74.2 Procedure
9.7.4.21 | The axial load is applied at a rate not greater than 1.% “of the design installation tension per
second up|to 110 % of the design tension. The allowable variation¢n‘\the design tension should be + 2 %. This
load is held for a minimum period of 1 h.
9.7.4.2.2 | The external diameter of the pipe is measured at two locations 90° apart on the gipe

circumference in the curved section of the pipe, with one(measurement location being the contact face of the
pipe. The tensile load is released and the diameter measurements retaken.

9.74.3 Acceptance criteria

The allowable variations in the external diameter are as follows:
a) loaded condition: + 3 %;

b) unloaded condition: +1 %

9.7.4.4 Analytical requirements

The effect pf different Sheave bend radii and tensile loads on the pipe deformation should be analysed.

9.7.4.5 Alternatives

After completion of the above test, the tensile load may be increased in steps not greater than 1 % of fthe
design installation tension per second until the acceptance criteria above are exceeded. This is defined as the
failure installation tension.

9.7.5 Sour-service test

9.7.51 Description

9.7.5.1.1 In addition to bench tests of the steel wire/cable materials (see 1SO 13628-2 and 1ISO 13628-10),
to verify performance in sour-service conditions, prototype tests on a full-scale pipe may also be carried out.
Tests of this kind may be used to generate a realistic sour-service environment in the pipe annulus
(unbonded) containing the steel wires and at the cable surface (bonded), and, in addition, simulate wire
loading conditions by flexing the pipe.
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9.7.5.1.2 The test is normally carried out while simulating a wet annulus for unbonded pipe, eith
water to test the failure condition or with fresh water to simulate normal operating conditions
shutdowns have caused condensation. Rubberized cables are normally used for bonded pipe tests.
9.7.5.1.3 Two approaches may be taken, as follows:

injection of a known concentration of H,S/CO, into the wet annulus directly;

to reach an equilibrium state from permeation through the internal pressure sheath.

1:2007(E)

er with salt
assuming

injection of the known H,S/CO, concentration into the pipe bore and allowing the annulus/cable surface

Only approach b) is relevant to bonded flexible pipe.

9.715.1.4 In either case in 9.7.5.1.3, it is necessary to carry out a prediction of |the s

acgordance with NACE TMO0177 if a general qualification is sodght. The test should be designe
saturation of the steel components in the annulus of the pipe or at the surface of the cable to a le
equial to the design partial pressure (in the annulus/pipe bore\[bonded]) of H,S and CO,. The inte
the| pipe should be at design pressure.

9.715.1.7 The fluid temperature is recommended, to be approximately 25 °C (77 °F), unless
temperature is expected to be considerably lessgin' which case the operating temperature shoul
Th¢ test sample should include end fittings identical to those proposed for the application.

9.715.1.8  Tests based on injection into:the pipe bore are preferred, because the diffusion of H,
correctly models pipes in service.

Tests for dynamic risers may be carried out in two phases: first injection of H,S/CO
is static and then, once~the desired equilibrium is reached, flexure of the pipe, produg

be assessed. by completing in-air fatigue tests on samples of the wire to determine the “rem
pipe todbe'tested has to be sited in a facility suitable for large-scale sour-service testing. Th
priseszasconcrete bunker or an enclosed space with extraction ventilation in accordance with |
safety regulations.

eady-state
exible-pipe

Iinless the
consistent

, or be in
 to obtain
vel at least
nal fluid in

bperational
i be used.

5 and CO,

b while the
ing known
nodelled in
hage in the

exure test,
hining life.”
s normally
bcal health

9.7.5.2 Procedure

9.7.5.21

Exposure of the flexible-pipe armour wires/reinforcing cables to H,S and CO, is achieved by

flowing fluid (water plus dissolved gas components through the annulus or oil plus gas components through

the bore) through the pipe sample at a predetermined rate.

9.7.5.2.2
H,S and CO,. Where injection is into the bore, sampling of the annulus is also required.

9.7.5.2.3
reached to determine either the corrosion rate (static pipes) or fatigue performance (dynamic pipes)

© 1SO 2007 — All rights reserved

Sampling of fluid from the pipe outlet (annulus/bore) is required to determine the consumption of

The test solution is then continuously injected for a given period of time after equilibrium is
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9.7.5.2.4  The pipe should first be pressure-tested and then dissected at the end of the exposure test,

9.7.5.2.5 Itis necessary to make a decision at this point as to whether burst test data are required, which
may be most appropriate for static flowlines, or if remaining fatigue-life data are required. In the latter case,
appropriate to dynamic risers, the pipe should be dissected and wire samples bench-tested for remaining
fatigue life compared to new, unexposed formed wires.

9.7.5.2.6 A burst-pressure test should be carried out in stages, raising the pressure by 20 % of design (or
smaller steps if desired) from the exposure test pressure, with a hold time of at least 3 h between each step.
The fluid in the pipe should be clean of H,S, while precautions should still be maintained for H,S due to
release of the gas when burst occurs

9.7.5.2.7 | Flexure of a pipe to simulate dynamic service conditions can be most conveniently achieved| by
installation|in a horizontally flexing frame. One or both pipe ends can require that bend stiffeners be installed
to control qurvature. The pipe flexure should be designed so as to induce appropriate tensile loads for fatigue
in the tensjle wires or reinforcing cables in an area of maximum curvature of the pipe, in addition to realistic
loadings in[the pressure armour (unbonded).

9.7.5.3 Acceptance criteria

9.7.5.3.1 | Full-scale sour-service tests are a very challenging task and should be considered as part g¢f a
product dgdvelopment programme, rather than as part of a product qualification for a specific project. Tlest
duration cgn exceed a calendar year and interpretation of the results can bé.complex.

9.7.5.3.2 | Static pipe tests may be assessed on the basis of decay.of\the burst pressure over time becatise
of corrosign, assumed to be linear with time after equilibrium is<reached. This is with a proviso that [the
corrosion i$ generalized rather than local pitting. If the latter, themsthe average depth and rate of growth of pits
may be used to predict expected service life.

9.7.5.3.3 | Dynamic pipe tests are rather more difficult to predict, as the combination of the loading

environmeht and the corrosion phenomena is complex.“The manufacturer and user should together develop a
model thatlis mutually acceptable to predict service life.

9.7.5.4 Analytical requirements
An analytigal model, which is accepted by both manufacturer and user prior to the tests, should be availgble

for the cdrrosion rate and the loading conditions (including annulus environment and the servicedlife
assessment).

9.7.6 Fire test

9.7.6.1 Description

9.7.6.1.1 The_ 6hjective of the fire test is to determine the survival time for the flexible pipe in a particular ffire
situation. TheAfiré resistance can be designed into the pipe structure or may be achieved by non-integral
passive firqz protection. T

9.7.6.1.2 The fire test may be carried out using the conditions defined in Reference [26]. These can be
summarized as a fire temperature of 700 °C (1 292 °F) and a fire duration of 30 min.

9.7.6.1.3  The pipe should be tested at the design pressure. The pipe internal fluid may be water or another

agreed fluid. The fluid should be stationary to simulate worst-case loading conditions. The end-fitting design
used in the application should be used in the test sample.
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9.7.6.2 Procedure

9.7.6.2.1 The pipe is pressurized to the design pressure. The fire test should commence once pressure
stabilization occurs. Both the flexible-pipe body and end fitting should be subjected to the required test
conditions. Pressure in excess of the design pressure may be relieved.

9.7.6.2.2  Pipe failure should be considered to have occurred if the pressure in the pipe drops below 90 %
of the test pressure. The survival time is then defined by the time from fire start-up to pipe failure.

9.7.6.3  Acceptance criteria

Th¢ survival time should exceed the design requirements.

9.716.4  Analytical requirements

There are no analytical requirements for this test.

9.716.5 Alternatives
Alternatively, the test set-up may be as given in Reference [22] (furnace or propane burners).|The flame
tenmperature should be based on the worst-case likely fire loading condition. Typical flame temperatures for a
jet |fire are approximately 1 100 °C (2 012 °F) and for a pool fite, are approximately 1 000 °C |(1 832 °F),

spegcifically for a pipe engulfed by flames. Flame temperatures of 400 °C to 600 °C (752 °F to 1 112|°F) can be
appropriate if the pipe is not engulfed.

9.717 Erosion test

9.717.1 Description
9.7171.1 Figure 29 illustrates a typical test.set-up for an erosion test. The test sample should belfixed at its
minimum bend radius in a 90° angle. Erosion rates can be determined by thickness reduction (localized
ergsion rate) or by mass loss (average erosion rate) in the internal carcass.

9.7171.2 The internal fluid composition should represent design conditions or be cohservative.
Copsideration should be given te:the following:

a) | flow rate;

b) | sand content;
c) | particle size;

d) | temperature;

e) | pressure;

f)  corrosive-gas content.
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Dimensions in millimetres
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Figure 29 — Example of set-up for the erosion test
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9.7.7.2 Procedure
The test fluid should be circulated through the flexible pipe for a minimum of 7 days. Erosion measurements

should, as a minimum, be made at five points around the bend (0°, 15°, 30°, 45°, and 90° measurement points
are recommended) after completion of the test.

9.7.7.3  Acceptance criteria

The erosion rate should be such that the design requirements for the pipe are not violated for the specified
service life.

9.717.4  Analytical requirements

The effect of variations in the test-fluid composition, flow rate, and pipe bend radius should.be”analysed.

9.717.5 Alternatives

Th¢ effect of corrosive fluids on the erosion rate may be tested to determine corrosion-enhanced erpsion rates.

9.718 TFL test

9.7.8.1 The purposes of the TFL test are to verify that TFL pumpdown tools adequately drift through the
flexible pipe and to determine flexible-pipe wear rates because of.repeated tool travel. The test unit simulates
a T|FL pipe run using a flexible pipe that is 45,72 m (150 ft) long.

9.7.8.2 The pipe is attached to both ends of a pumpand manifold unit that provides measurable hydraulic
fluig power and a means for reversing the fluid direction inside the pipe. The flexible pipe is laid|out in two
conffigurations: a wide “U” shape with a 3,66 m (12 ft)\bend radius, and a narrow “U” shape with a 1,52 m (5 ft)
bend radius (measured to the centreline).

9.7/8.3 A TFL pumpdown tool string is*inserted in the pipe prior to hook-up. The TFL tool stfing should
conpsist of four “up” locomotives, four “down” locomotives and a running tool. The running tool can pe either a
TFL drift mandrel or two “sharp-shouldéered” drift mandrels, in which the first drift's spring-loadef keys are
orignted 90° out from behind the seecond drift's keys. Both running tools should be run through both test
corffigurations and cycled through'the pipe several times.

9.7.8.4 In general, the (TFL drift-mandrel tool string should be able to pass freely through the pipe in
either direction (see 1ISO 13628-3 for drift-mandrel dimensions, forces and pressures). The tool strirjgs and the
pipE interior should be.inSpected for adverse wear or damage after the tests are completed.
NO[TE For thespurpose of this provision, API RP 17C is equivalent to ISO 13628-3.

9.7/8.5 [f'specialized running tools for an application are known (such as paraffin scraper, pand-wash
wahd, or_“Kick-over” tool), then it is recommended to run these tools in the test loop as well.

9.719_Vacuum test

9.7.9.1 Description

9.7.9.1.1  The vacuum test is intended for bonded flexible pipes only. The objective of the vacuum test is to
indicate the adequacy of the bond strength of the liner to other pipe layers.

9.7.9.1.2 The vacuum test is not applicable to pipes in which an internal steel interlocked carcass is used.
In addition, the vacuum test is possibly not practical for long [> 11 m (36 ft)] or small-diameter pipes.
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9.7.9.2

9.7.9.21
period.

9.7.9.2.2
the interior

Procedure

The pipe should be vacuum tested to a pressure of 85 kPa (0,85 bar) gauge and held for a 10 min

A clear plastic window should be fitted at either end of the test sample so that visual inspection of

can be made by an adequate light source in one end with its beam directed to the other.

9.7.9.3 Acceptance criteria

9.7.9.4 Analytical requirements

There are

9.7.9.5
This test d
permeatiorn
significant

9.7.10 Ke

9.7.10.1

9.7.10.1.1
to detect a

9.7.10.1.2
that may h

9.7.10.1.3

9.7.10.2

9.7.10.2.1
be pressur

9.7.10.2.2
the pressu

mities should not occur.

The pipe should be examined outside as well as inside for any possible deformities.

no analytical requirements for this test.

Alternatives
an be carried out within 24 h of the kerosene test to determine’the resistance of the pipe

bermeation or migration can occur.
osene test

Description

This prototype test is intended for bonded-flexible pipes only. The objective of the kerosene tes
Ny permeation or leakage of a hydrocarbon-liquid through the pipe liner.

hve migrated into the pipe body.

This test is primarily for banded flexible pipe with no internal interlocked steel carcass.

Procedure

zed to the design pressure and held at this pressure for 24 h.

Consideration should be given to cycling the pressure, prior to initiating the test, to help stabi
'e overthe 24 h period.

9.7.10.3 Acceptance criteria

to

or migration of fluids or gases. The vacuum test “pulls” the)kerosene out of the pipe body if

tis

This test may be followed immediately by a vacuum test to further detect any residual keros¢ne

The pipe shotld be laid out straight and filled with kerosene, venting all air. The pipe should then

ize

After 24 h, the pipe should be depressurized, drained, dried and observed for any blistering, leakage or

separation

of the liner from the carcass or from the end fitting.

9.7.10.4 Analytical requirements

An analytical model for the permeation of fluids or gases should be available and accepted by both
manufacturer and purchaser prior to the tests.
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9.7.10.5 Alternatives

A vacuum test should be performed after completion of the kerosene test to further detect the permeation or
migration of fluids or gases into the pipe body.

9.7.11 Adhesion test

9.7.11.1 Description

9.7.11.1.1 This prototype test is intended for bonded flexible pipe only. The adhesion test is used to verify
thelbond strength of the manufactured pipe.

9.
m

9.

be [built at the same time as the production pipe or as agreed on by the purchaser and manufa
sample piece may be built with the cables at the reinforcing layer wound in the adial direction (i.e.

of
the

9.7

Ad
usi

9.7

Thq

9.7

9.7

9.7
sef]

9.7
cof]
use
cof]

9.7
eng

11.1.2 Adhesion tests should be performed on samples made from materials taken fr
ufacture and on samples representative of every tenth hose thereafter (in the case of specific Ie

11.1.3 Samples should be built with the same cross-section make-up as the production pipe

0° to pipe longitudinal axis) to facilitate this test. Vulcanization should oecur under the same co
production pipe.

11.2 Procedure

nesion tests should be carried out according to either ASTM D413 [14], machine method, or
ng strip pieces.

11.3 Acceptance

e measured adhesion strength should not be le§$ than 6 N/mm.
12 Full-scale blistering test

12.1 Description

12.1.1 The full-scale blistering test is performed to determine the suitability of a particular pipe
vice in a gas-containing environment and hence qualify the materials used for service.

12.1.2 The pressuare; depressurization rate, temperature and fluid type should, as a mi

m current
ngths).

and should
cturer. The
A lay angle
nditions as

SO 36 [17],

design for

himum, be

sistent with conditions the pipe is expected to be subjected to during a typical application. It is preferable to

an inert gas of similar molecular structure to the gas expected to be conveyed and with a min
tent of 5 %,

12.1.3.\The test pipe should be at least 3 m (9,84 ft) long including end fittings or sufficiently
urethat'any beneficial effects the end fittings have on influencing the outcome are eliminated.

imum CO,

long as to

9.7

9.7

~t2’2—Procedure

A12.21

The manufacturer should have documented procedures to ensure that the test gas occupies

100 % of the internal pipe volume. Once the pipe is filled with the test gas, the pressure should be gradually
increased at a rate not greater than the manufacturer’s test procedure to the design pressure and held for a
period of at least 2 h to allow for stabilization. If necessary, the pressure shall be considered stabilized when
the pressure drop is less than 1% in a 1 h period. The pressure should be cycled to this pressure until
stabilization is achieved. The pipe should then be held at this pressure to ensure saturation of the pipe body
with gas for a length of time not shorter than that of the manufacturer’s test procedure.
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9.7.12.2.2 Once saturation of the pipe body is achieved, the pipe should be depressurized at a rate equal to
the expected depressurization rate or else a minimum of 7 000 kPa/min (70 bar/min).

9.7.12.2.3 The procedures set out in 9.7.12.2.1 and 9.7.12.2.2 should be repeated for the expected number

of cycles o

r a minimum of 60 cycles.

9.7.12.3 Acceptance criteria

Once the test is complete, the end fittings should be cut off the test pipe, the pipe body should be cut in half
lengthwise and the half shells cut radially into three approximately equal lengths. The carcass layer should be

all
ner

der

uid

removed tp—expose—the—etastomer—surfacebeneath—it—Whenthe—six—sampte—pieces—are—inspected—on
surfaces af 1x magnification, there should be no evidence of delamination, blistering or voids in the elastor
layers.

9.7.12.4 RAnalytical requirements

The soak fime should be computed based on the measured permeability of the elastomerito the gas un
consideration.

9.7.12.5 Alternatives

Small-scalg¢ blistering-resistance tests that reflect the design requirements; relating in particular to f|
conditions,| pressure, temperature, number of depressurizations and depféssurization rate, may be performed

(see ISO 1

In addition

3628-10) as an alternative to this test.

fitting oncq the blistering test is completed. The full-scale blistefihg test can also be carried out on the p

after it has

been used in a full-scale fatigue test programme,

10 Manufacturing

10.1 General

10.1.1 IS

flexible pipes. Clause 10 describes-the processes involved in the manufacture of the pipe. In addit

guidelines
also includ

10.1.2 Fu
guidelines

on the selection of manufacturing tolerances are given. Guidelines on assembly of end fittings
ed.

rthermore, Clause-10 provides guidelines on marking and storage of flexible pipes. The mark
supplement the-minimum requirements for marking given in ISO 13628-2 and ISO 13628-10.

10.2 Manufacturing — Unbonded pipe

10.2.1 Ge

the full-scale prototype test piece can be used to measure adhesion of the elastomer to the ¢nd

ipe

D 13628-2 and ISO 13628-10+'specify manufacturing requirements for unbonded and bonged

on,
are

ing

heral

The manufacturing of unbonded flexible pipe is composed of two main stages, as follows:

a) fabrication of the flexible-pipe body;

b) assembly and mounting of the end fittings.

These two

130

stages in the process are described in 10.2.2 and 10.2.3, respectively.
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10.2.2 Manufacturing processes

10.2.2.1 General

The main processes in the fabrication of the flexible-pipe body are as follows:

a)

carcass forming;

polymer extrusion;

1:2007(E)

10.

In
an

10.

10.

10,
cor|

10.

PTESSUre-arimour Wirding;

tensile-armour winding;

tape winding.

pending on the pipe design, processes a) and c) are possibly not required.
2.2.2 Carcass forming

he carcass-forming process, flat metallic strips are pulled into a formiing head in which they are s
nterlocking helical tube; see Figure 7.

2.2.3 Polymer extrusion
2.2.3.1 Extruded components in a flexible pipe include polymer sheaths (internal pressure, inf
puter sheath) and solid anti-wear layers. The stations and equipment in the polymer extrusi
cally as follows (for a rough-bore structure):

payoff reel (or basket) with the inner carcass.layer;

caterpillar (pre-extrusion);

extruder;

quench tanks (hot and cold water);

caterpillar (post-extrdsion);

take-up reel (orbasket).

2.2.3.2 The-control of the extrusion process is important for quality of finished product, and
trol system)is recommended (see 1ISO 13628-2).

2.2°4 ' Pressure-armour winding

haped into

ermediate,
bn line are

h feedback

10.

2.2.41 The pressure-armour winding machine preforms, interlocks and winds the wires circumferentially
around the internal pressure sheath using shaped wires; see Figure 7. Payout/take-up reels or (baskets) and
caterpillars are used to control the feed of the pipe through the winding machine.

10.2.2.4.2 The interlocking pressure armour is laid as one or two wires at a lay angle of close to 90°. A flat
back-up layer can also be wound on top of the interlocked layer using the same process.
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10.2.2.5 Tensile-armour winding

10.2.2.5.1

wire.

10.2.2.5.2

The tensile-armour winding machine takes flat, round or shaped wires and preforms and winds
the wires onto the surface of the pipe. The number of wires wound in one layer is typically between 30 and 80.
The wires are generally laid with an angle range between 20° and 60°. The wires are stored in individual
drums connected to the winding machine. The drums rotate with the winding machine while feeding it with

Two machines in sequence or one machine used twice can be used to apply

the

double-crosswound tensile-armour layers used in most applications. These machines can be subject to

regular sto

ppages for reloading of drums and welding of new wires

10.2.2.6

Tape wind
are typicall

10.2.3 En

10.2.3.1
all the pip
forces.

10.2.3.2

attachmen
(polymer s
near the e

Tape winding

ng machines are used to apply anti-wear, manufacturing aid or insulation layers. These machi
y used in sequence with one of the other processes.

I fittings

The end fitting is a critical part of the flexible pipe. A well designed transition zone is required
b-wall components to converge into one flange or connector piece that carries all the pipe-V
The pressure- and tensile-armour layers are locked to the €nhd’termination body to ensure relig

in both radial and axial directions. The pressure integrity 0f the external and internal sealing lay|

nd fitting does not have the same flexibility as the rest’of the pipe. This zone, corresponding to

length of & couple of turns of the tensile armour, thereforé,~does not have the same curvature capa

(flexibility)
10.2.3.3

are applieg
end fitting

10.2.3.4

s the main pipe section.

manually with special tools and fixtures:*Quality control of all processes in the fabrication of
s therefore critical.

The main steps in the process are as follows:

a) separate individual layers of pipe;

b) mount
c) clamp
d) securd

e) mount

inner seal assembly-and main end-fitting body;
pressure-armounayer;
tensile armours around body;

external jacket;

f)  mount

nes

for
vall

ble
ers

heaths) is provided by a seal arrangement that also ensures radial and axial attachment. The zgne

the
City

Figure 8 illustrates a typical unbonded-pipe end fitting. Most of the components in the end fitling

the

outer lockina assemblv (sealina of cuter sheath):
~J J \ J 77

g) fill voids in end fitting with epoxy resin and allow to set.

10.2.3.5
prior to the

132

Bend stiffeners, when required at the end of the flexible pipe, are usually mounted on the pipe

end fitting and subsequently pulled up and attached to the end fitting once it is mounted.
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10.2.4 Tolerances

1:2007(E)

10.2.4.1 In 10.2.4.2 to 10.2.4.9, guidelines on the selection of manufacturing tolerances are provided; see
ISO 13628-2. The tolerances specified in 10.2.4.2 to 10.2.4.9 are defined in terms of percentage of nominal
values.

10.2.4.2 For unbonded flexible pipes, the length tolerance for lengths up to 100 m (328 ft) should typically

be *a m. For unbonded lengths greater than 100 m (328 ft) the length tolerance may be increased to *8 %.
The tolerance can typically be +1 % for bonded pipes. For certain projects there can be additional
requirements on the length tolerance to be considered, including those described in 10.2.4.3 to 10.2.4.6.

10.

10,
ma
acq

10.
diff

10,
inc
tolq
the

10,
intq
reg
ext

10.
Ta

10.
bet
Sp§

ommended that the tolerance on the internal diameter be *5 % for internal polymer sheaths t

2.4.3 It can be necessary to reduce the tolerances for certain applications (such as jumpefs).

2.4.4 Some applications can have problems if the length is too long, for example, for/long [flowlines a
Ximum tolerance of +1 % can be too large because of insufficient space at the ‘end cornnection to
ommodate excess length. This can be more critical for trenched pipe.

2.4.5 Consideration should be given to possible problems caused by the individual risers having
erent lengths if two or more risers are clamped together (such as with umbilicals in some applications).
2.4.6 The calculation of the required flowline length should accurately account for all parameters,
uding undulations in the route, accuracy of end point locationsiinstallation tolerances, mahufacturing
rance and orientation of the flowline to the component (for exaraple, the pipe can be laid in a Igop around
component, such as at a wellhead, and connected at a 90° orientation to the main flowline direction).

2.4.7 The recommended tolerance on the flexible pipe‘overall outer diameter is + 3 %. The tglerance on
rnal diameter should be *5 % for carcass layers,that are not manufactured on a mandrel. It is

hat are not
ruded on to an inner carcass.
2.4.8 Tolerances should be established. and controlled by the manufacturer for each layer ¢f the pipe.
ble 27 lists recommendations on critical aspects of dimensional tolerances for the flexible-pipe layers.
2.4.9 The manufacturer should check pressure and armour layer tolerances for the allowable gap
ween adjacent wires or the allowable average gap over a group of wires against manufacturer
cifications.
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Table 27 — Critical aspects in selection of unbonded flexible-pipe manufacturing tolerances

Recommendations for selected parameters

Layer Thickness Layer diameter Other parameters
(inner and outer)

Internal The minimum value should meet the The minimum ID should ensure clear | The maximum ovality should be less
carcass design requirements, considering the | passage for equipment such as than that used in the calculation of

potential for erosion/corrosion over the | gauging pigs. The maximum OD collapse resistance.

service life. The strip thickness should [ should consider the effect on collapse

be controlled by the manufacturer’s resistance and tolerance of the other

material specification. layers.
Internal The minimum thickness should be The maximum OD should consider the | Surface finish and texture to be
pressure determined based on ISO 13628-2. effect on hoop strength of the controlled such that potential defect$
sheath pressure-armour layer in accordance | that could propagate through\the layler

with ISO 13628-2. thickness do not occur.

Pressure- Thickness should be controlled by the | The maximum OD should consider the | The OD should be controlled such that

armour layer

manufacturer's material specification.
The minimum thickness should
consider the effect on hoop strength in
accordance in with ISO 13628-2.

effect on hoop strength in accordance
with 1ISO 13628-2. Variations in OD
with length should consider the load
sharing along the length in a tensioner
installation.

gaps between the, pressure-armour
layer and the intermal pressure sheath
do not affect theload sharing betwen
the carcass'and pressure-armour layer
under external radial compression ahd
hydrestatic loading. The maximum dap
should assure utilization is as specified
inISO 13628-2.

Intermediate

In dynamic applications, the minimum

The maximum value should considénr

sheath/ thickness should ensure that the the effect of tolerance build-up an
anti-wear sheath does not wear through over the | subsequent layers.
layers service life. Where the intermediate
sheath is to bear hydrostatic loading,
the minimum thickness should ensure
that the layer is not breached (lose
pressure integrity) over the service life.
Tensile- The minimum thickness should be The maximum diameter should Variations in lay angle should ensurg

armour layer

controlled by the manufacturer’s
material specification. The minimum
thickness should consider the effect on
hoop and axial strength in accordance
with 1ISO 13628-2.

consider the effect of tolerance
build-up on subsequent layers, and
ensure.that the tensile wires lie flat
against the pipe.

that allowable utilization is in
accordance with ISO 13628-2.

The maximum gap between wires
should be determined considering tf
effect of circumferential stress
concentration in the pressure armour
(local bending of the pressure armoirs
within the gaps). Where no pressurg
armour is present, the maximum ga
should be determined based on
ISO 13628-2.

(0]

Insulation
layer

The minimum thicknéss should be
controlled by the-manufacturer's
material specification. The minimum
thickness.should give an overall
heat-transfer coefficient for the pipe
smaller-than the specified maximum.

The maximum outer diameter should
consider the effect of tolerance
build-up on subsequent layers, and
ensure that the insulation lies flat
against the pipe.

Outer sheatt

The minimum thickness should assure

The maximum outer diameter should

watertight integrity over the service Tite,
including at the end fittings. Shear
transfer to the underlying layers during
installation with a tensioner should also
be considered. The variation in
thickness along the length of a pipe
should consider the effect of stress
concentration and possible thinning
during installation.

consider the effect on packaging,
installation loading, hydrodynamic
loading and attachment of ancillary
equipment such as buoyancy clamps.

External The minimum thickness should The maximum outer diameter should —
carcass consider the requirement for abrasion | consider the effect on packaging,
and impact protection in the specific installation and hydrodynamic loading.
application.
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10.3 Manufacturing — Bonded pipe

The manufacture of bonded flexible pipe is comprised of the following three main stages:
a) fabrication of the flexible-pipe body;

b) assembly and mounting of the end fittings;

c) curing of flexible pipe.

NO

10.3.1 Manufacturing processes

10.3.1.1 General

Thé main processes in the fabrication of the flexible-pipe body are as follows:
a) | carcass forming;

b) | preparation of compound and calendering;

c) | elastomer winding;

d) | reinforcement-armour winding.

Prgcess a) may not be required, depending on the pipedésign and application,

10.3.1.2 Carcass forming

Flat metallic strips are pulled into a forming héad in which they are shaped into an interlocked helical tube; see
Figure 7. Some bonded-flexible-pipe manufacturers do not carry out this task, preferring insteadl to obtain
pre-manufactured carcasses.

10.3.1.3 Preparation of compound and calendering

10B.1.3.1 The process by which the compound is prepared involves accurately weighing| out each
ingfedient of the compound and mixing the ingredients in the specified order and at specified temperatures in
a Igrge “Banbury’-typesmixer until a homogenous, consistent compound is formed.

103.1.3.2 The/ealendering process involves passing the prepared compound between rollers |repeatedly
unfjl the compound takes on the form of a smooth, even sheet with no flaws or blisters. This sheet can be
sulydivided into smaller strips and subsequently wound onto reels for storage or cut and stored as gmaller flat
shgets. The friction caused by forcing the compound through the calendering rollers causes an incrgase in the
tenmpefature. This temperature should be controlled so as to ensure that over-curing does not o¢cur during
calendering. The compound is generally passed through a bath containing an anti-adhesion substance prior to
storage. Alternatively, the compound material may be stored with plastic sheets between each layer.

10.3.1.3.3 The steel cables of the reinforcing layer may be incorporated into a sheet of compound during the
calendering process or by an extrusion process. This facilitates winding of the reinforcing layer onto the pipe,
and speeds up the fabrication stage. These sheets are generally stored on reels for ease of use.

10.3.1.4 Elastomer winding
10.3.1.4.1 The production pipe is generally built up by winding sheets of calendered elastomer onto a

mandrel or interlocked steel carcass. The winding process continues with different compounds per the
cross-sectional specification, including calendered reinforcing cables, until the pipe is fully built up.
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10.3.1.4.2 The control of the winding process is important for the quality of the finished product as irregular
overlaps and gaps in the winding process can cause unevenness in the pipe cross-section (see
ISO 13628-10).

10.3.1.4.3 The elastomer can also be extruded to build up the pipe cross-section although winding is more
common; see 10.2.2.3.

10.3.1.5 Reinforcement-armour winding

10.3.1.5.1 The cables that make up the reinforcement can be wound onto the pipe body in two formats. The
first form IS ailllp:y b_y an alllluw-vvilldilly machime—where—the—cabtes—are—stored—im—individuat—drgms
connected|to the winding machine. The drums rotate with the winding machine while feeding it with cable as
the pipe advances through the machine. In some cases the pipe rotates while the winding machine_fraverges
horizontally. The second format is identical to the way in which the elastomer sheets are wound. -The caljles
are pre-calenderized and stored on reels in long narrow strips. These strips are then woundronto the pipe
body by rotating the pipe body and advancing either the pipe or winding machine at a predefined rate.

10.3.1.5.2| Two machines (or more) in sequence or one machine (or more) used twice ean be used to apply
the double|crosswound armour cables.

10.3.1.5.3 | The control of the winding process is important to maintain the quality-of the finished product (see
ISO 13628t10).

10.3.2 End fittings

—h

10.3.21 The end fitting is a critical part of the flexible pipe. A Well-designed transition zone is required
all the piperwall components to converge into a flange or connector piece that carries all the pipe-wall force

or

o7

10.3.2.2 The cables of the reinforcement-armour layer-are locked to the end termination body to ensure
reliable atfachment in both radial and axial directions:"\Fhe pressure integrity of the external and intefnal
sealing layers (elastomer cover and liner) is provided by curing the layer onto the end fitting which glso
ensures rafial and axial attachment.

10.3.2.3 The end fitting can be swaged onto the pipe body in some cases. This involves an internal and
external stgel end-fitting piece that encapsulates the pipe body and, when swaged, compresses the pipe bpdy
sufficiently|to ensure both fixity and sealing of the liner, cover and cables of the reinforcement layer. The
end-fitting face in contact with the pipe.body may be smooth or toothed. The toothed end fitting is designed to
contact thg cables of the reinforcement layer and so provide a stronger mechanical grip.

10.3.24 The zone near thé.end fitting does not necessarily have the same flexibility as the rest of the pipe.
This zone,|correspondingo,the length of a couple of turns of the reinforcing cables, therefore, does not have
the same qurvature capacity (flexibility) as the main pipe section.

10.3.2.5 Bend_stiffeners, when required at the end of the flexible pipe, are usually mounted onto the gipe
prior to the end>fitting and subsequently pulled up and attached to the end fitting once it is mounfed.
Alternatively,-inherent stiffness may be introduced into the pipe during the manufacturing process by winding
on additional-elastomer layers

10.3.2.6  The flexible pipe can be cured fully or partially cured prior to mounting the end fitting. Alternatively,
the end fitting can be mounted prior to cure and cured with the pipe. The difference in procedures is partially
due to the differing temperature and time required to cure elastomer compound and epoxy resin.

10.3.3 Curing process
10.3.3.1 Curing of the elastomer of bonded flexible pipes is generally accomplished by applying heat and

pressure to the pipe in the presence of curing agents. Heat can be applied by a steam oven or by electrical
inductance. Pressure is generally applied by wrapping the pipe tightly with nylon prior to cure.
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10.3.3.2 The elastomer compound changes properties irreversibly during the curing process, and the
elastomer material making up the pipe cross-section initially flows, subsequently forming one composite
cross-section.

10.3.3.3 A composite cross-section with minimal flaws is formed once proper manufacturing procedures
are adhered to, followed by the manufacturer's documented curing procedures. However, a sample piece,
identical in construction to the pipe should be constructed with the pipe, dissected and inspected for voids in
accordance with the manufacturer’s procedures. The acceptance criterion should be that no visible voids are
observed.

10.
10.
1S(
val

10.
the

a)

b)

3-4—TFolerances
3.4.1 In 10.3.4.2 to 10.3.4.5, guidelines on the selection of manufacturing tolerances_arepra
D 13628-10). The tolerances specified in 10.3.4.2 to 10.3.4.5 are defined in terms of percentage
les.

3.4.2 The length tolerance for bonded flexible pipe should typically be +(1) %cAdditional requi
length tolerance that can be considered for certain projects include the following:

The tolerances can require reduction for certain applications, such asjumpers.
Some applications can have problems if the length is too long. Thi§)can be more critical for trer

EXAMPLE A maximum tolerance of + 1 % can be too large“for'long flowlines because of insufficig
the end connection to accommodate excess length.

Consideration should be given to possible problems ‘caused by the individual risers havin
lengths if two or more risers are clamped together(such as with umbilicals in some applicationg

The calculation of the required flowline length should accurately account for all parameters
undulations in the route, accuracy of end-point locations, installation tolerances, manufacturin

vided (see
of nominal

ements on

ched pipe.

ent space at

g different
).

, including
y tolerance

and orientation of the flowline to the component.

EXAMPLE The pipe can be laidinr a loop around the component (such as at a wellhead) and connected at a
90° orientation to the main flowline direction.

lerance on
ndrel. The
Cass

10,
inte
rec

3.4.3 The recommended tolerance on the flexible pipe overall outer diameter is + 3 %. The tg
rnal diameter should be *5 % for carcass layers that are not manufactured on a ma

ommended tolerance on)jthe internal diameter is *§ % for liners that are not built on an inner car

10.
Ta

bipe layer.
ers.

3.4.4 Tolerances should be established and controlled by the manufacturer for each
ble 28 lists regommendations on critical aspects of dimensional tolerances for the flexible pipe lay

10.
bet
Spé

3.4.5 The manufacturer should check reinforcement-armour-layer tolerances for the allowable gap
ween. adjacent wires or the allowable average gap over a group of wires against manufacturer
cifications.

10.4 Marking

10.4.1 General

ISO 13628-2 and ISO 13628-10 specify minimum requirements for marking of flexible pipes. The objective of
10.4 is to provide recommendations on additional markings that may be applied to the pipe. These additional
markings are useful for particular applications and can make the pipe and its intended use more identifiable
during its service life.
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The marking system should be sufficient to resist installation and operational abrasions, with letters and
numbers at least 10 mm (0,39 in) high. All markings should be sufficiently clear to be read and/or recognized
in situ by an ROV, and be suitable for the required service life in the design environment. This does not apply
to markings that are required only for installation purposes (e.g. circumferential bands for length measurement
or for clamp or buoyancy locations) and, therefore, are required to be sufficient only to resist the installation
procedures.

Table 28 — Critical aspects in selection of bonded-flexible-pipe manufacturing tolerances

Recommendations on selected parameters

Layer Thickness Layer diameter (inner and outer) Other parameters

Internal carcpss | The minimum value should meet the | The minimum ID should ensure clear | The maximum ovality shouldbe-legs
design requirements of ISO 13628-10, | passage for equipment such as than that used in the calculation of
considering the potential for gauging pigs. The maximum OD collapse resistance.
erosion/corrosion over the service life. | should consider the effect on collapse
The strip thickness should be resistance and tolerance build-up of
controlled by the manufacturer's the other layers.
material specification.

Liner The minimum thickness should be The maximum OD should consider Surface-finish and texture are
determined based on the the effect of tolerance build-up on controlled such that potential defec]s
requirements of ISO 13628-10. subsequent layers. that could propagate through the pipe

body do not occur.

Reinforcemgnt- | The minimum thickness should be The maximum diameter should Variations in lay angle should ensufe

armour layer controlled by the manufacturer's consider the effect of tolerance that allowable utilization is in
material specification. The minimum | build-up on subsequent layers: accordance with ISO 13628-10.

thickness should consider the effect
on hoop and axial strength in
accordance with ISO 13628-10.

Insulation layer | The minimum thickness should be The maximum outerdiameter should —
controlled by the manufacturer’s consider the effect of tolerance
material specification. The minimum build-up on subsequent layers and
thickness should give an overall ensure that'the insulation lies flat

heat-transfer coefficient for the pipe against the pipe.
smaller than the specified maximum.

Cover The minimum thickness should assure- The maximum outer diameter should —
watertight integrity over the service consider the effect on packaging,

life, including at the end fittings. Shear [ installation loading, hydrodynamic
transfer to the underlying layers loading and attachment of ancillary
during installation with a tepsioner equipment, such as buoyancy clamps.
should also be considered\The
variation in thickness along'the length
of a pipe should canisider the effect of
stress concentration‘and possible
thinning during’installation.

External The minimum thickness should The maximum outer diameter should —
carcass considerthe requirement for abrasion | consider the effect on packaging,

and.impact protection in the specific installation and hydrodynamic loading.

application.

10.4.2 Flexible pipe

10.4.2.1 Nameplates (AISI 316 material is recommended) should be securely attached to both ends of the
pipe. The nameplate should not be covered by any ancillary component, such as bend stiffeners or bend
restrictors. Consideration is recommended for including the markings listed in Table 29, in addition to the
requirements of ISO 13628-2 and ISO 13628-10.

10.4.2.2 Length measurements, typically every 10 m (32,8 ft), should be marked on the pipe and

highlighted by a collared circumferential band all around the outer sheath to allow identification of the length of
the pipe. The length markings should indicate the direction of the length measurement.
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10.4.2.3 The following marking recommendations can also be considered for riser applications.

a) Unique and logical markings should be applied to identify different risers or the locations for the
attachment of any ancillary items, such as clamps or buoyancy modules.

b) The location of the seabed touchdown point should be marked, if applicable.
10.4.3 End fittings

In general, the nameplate with the pipe markings is attached to the end fitting and applies to both pipe and
eng—fitti i i i nd fitting.

Copsideration should be given to the markings listed in Table 29 for the end fitting if there is the ‘ppssibility of

the] end fitting being replaced. Special care should be taken to ensure that identification. markings do not

damage any surface anti-corrosion treatment on the end fitting.

Table 29 — Marking recommendations for flexible-pipe products
Mark 2 Flexible pipe | End fitting Comments

ISP 13628-2 and I1SO 13628-10 X X Required.by ISO 13628-2 and ISQ 13628-10

depignation

Sefial number X X Reduired by ISO 13628-2 and ISQ 13628-10;
should ensure full traceability of al] materials,
processes and tests during manufpcture

Mgnufacturer name or mark X X Required by ISO 13628-2 and 1SQ 13628-10

Date of manufacture X X Required by ISO 13628-2 and ISQ 13628-10;
month and year

AHI licence number X X Required by ISO 13628-2 and ISQ 13628-10;
API licensees only

AHI monogram X X Required by ISO 13628-2 and ISQ 13628-10;
API licensees only

Delsign pressure ° X X Required by ISO 13628-2 and ISQ 13628-10;
in MPa units; specify absolute or differential
pressure

St¢rage MBR X NA Required by ISO 13628-2 and ISQ 13628-10

Sweet- or sour-service applications X X Designated by letters SW (sweet) or SO
(sour)

Static or dynamic agplication X X Designated by letters S (static flowline, riser
or jumper) or D (dynamic riser or jumper)

Internal diameter ° X X Expressed in millimetres

Exfernal diameter ° X NA Expressed in millimetres

Désign temperatures ° X X Minimum and maximum design
temperatures, expressedmadegrees Celsius

Length b X X Length of flexible pipe including end fittings

End-fitting condition NA X Designated by letters OEF (original end
fitting) or REF (replaced end fitting)

@  The marking for the pipe and end fitting may be covered by a single template attached to the end fitting.

b Imperial units (inches, psi, and °F) may be given in brackets after the SI units.
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10.4.4 Connectors and flanges

Marking requirements for connectors, flanges, and associated components should be as specified in
API 6A 71,

10.5 Storage

10.5.1 General

10.5.1.1 Flexible pipe can be stored in a number of ways, with the most common being reels, baskets and
crates or pallets. Reels and baskets, in particular, should be marked such that the manufacturer, sdfrial
number, flgnge and drum diameters, width, empty mass and mass capacity are identified.

10.5.1.2 The flexible pipe should be stored under environmental conditions that do net-affect| its

performange characteristics. In particular, the following are recommended.

a) The sforage temperature should be within the acceptable limits of the flexible pipe_struCture and its ¢nd
fittingq.

b) The epd fitting connections should be protected to prevent damage of the seal-area, threads, and other
areas pusceptible to damage.

1) The strapping of the end fitting should ensure that it cannot becofe loose and possibly damage the
pipe.

2) Securing of the end fitting should not damage the pipe by\overbending the section adjacent to [the
fitting.

c) The flgxible pipe should be covered to prevent degradation by ultraviolet radiation for materials sensitive
to sun|ight.

d) End-cuts of flexible pipe should be covered for long-term storage.

e) The ppssible effect of the test fluid on the(flexible-pipe materials should be taken into consideratioh if
erxibIT pipe is stored for a long period of time after having been pressure-tested.
e

f) Long-ferm pipe storage can cause‘a-permanent curvature set of the pipe because of the polymer layers
and can require consideration in-installation planning.

10.5.1.3 Product handling while in storage should be kept to a minimum. A full and thorough inspecljion
programme for the flexible pipe-while in storage should be performed. Inspection reports should be proviged
to the purchaser.

10.5.1.4 Repairs_carried out while in storage should be performed under permanent or temporary cover
along with|the envirommental-control facilities normally provided during manufacture. Work carried out in fthe
storage arpa should be strictly controlled and performed in such a manner as to cause no damage| or
contaminafion to 'stored products. The storage area should be subject to purchaser acceptance and should be
in a locatiopn where the pipe is not susceptible to damage.

10.5.2 Reels

10.5.2.1 Reels rotated around a horizontal axis are the support most commonly used for storage of flexible
pipe in long lengths. Reels, when driven by a winch system, can also be used to maintain the flexible pipe’s
tension during installation and recovery. The tension applied to the pipe during reeling should be sufficient to
prevent the pipe from being stored slack, which can damage the pipe during subsequent unreeling. The
parameters important to consider in selecting storage reels for flexible pipe include the following.

a) The drum radius should meet or exceed the storage MBR requirements of the flexible pipe.

b) The size of the reel should accommodate the length of flexible pipe, including end fittings and accessories.
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c) The structure of the reel should be capable of safely supporting the mass of the flexible pipe and its
contents.

d) Reel dimensions, structural design and construction should account for the loads induced by the vessel
motions and the flexible pipe tension during installation and recovery if the reel is to be used for offshore
installation.

10.5.2.2 In the fabrication of reels, all surfaces in contact with the flexible pipe should be free of any sharp

edge, burr or cut that can damage the flexible pipe. This also applies to partitions when used to subdivide
reels into separate sections.

10.5.3 Baskets

Baskets or carousels rotated around a vertical axis are frequently used for the storage of flexible g

lon

tension in the flexible pipe. Therefore, a tensioning system is generally required for installation of fl
from a basket. Design parameters and fabrication requirements are otherwise similar|io’those of req

10

Crg

sto

se(
edq

1

-—

11

C

g

pipe systems. In 11.4, the general installation considerations are addressed and sample
pracedures and final commissioning are:described.

11]2 Handling

11.2.1 General

112.1.1 The precautions listed in 11.2.1.2 to 11.2.1.4 should be taken during handling and tra
of flexible pipe to prevent damage.

112.1.2
flogr or against sharp edges of the handling equipment or by unacceptable torsional/bending lo

re

11213

5.4 Crates/pallets

lengths. Baskets are normally used only for storage and are not capable of supporting anyj

tes or pallets are commonly used for storage of flexible pipes in short-fengths, either straight
red in coil, the storage MBR criteria for the flexible pipe should be(met. The flexible pipe shoul
ured to the crate or pallet to prevent damage due to abrasion, The crate or pallet should contai
e, burr or cut which can damage the pipe.

Handling, transportation, and installation

1 General

use 11 provides guidelines and recommendations for handling, transportation and installation

Precautions should be taken to ensure that the flexible pipe is not damaged by draggd

It of improper procedures when it is transferred from reel (or basket) to reel (or basket).

ipe in very
significant
exible pipe
Is.

br coiled. If
1 be tightly
N no sharp

of flexible
installation

hsportation

ing on the
hding as a

The flexible pipe should be securely fastened to its supporting reel, basket or crat¢. The end

fittings usually require additional fastening by means of wire ropes, fibre slings, bands, adjustable lever hoists
or clamps, as well as protection with a soft packaging material, in order to protect adjacent pipe layers and to

tak

1.

€ up any creep or subsequent motion.

214

temporary or permanent, include items such as the following:

a)
b)

c)

cranes and A-frames;
reels, carousels, baskets and strip-out pallets;

lifting frames and cradles;
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d) caterpillars/tensioners;
e) pulling heads;

f)  winches;

g) load cells;

h) chutes and bend limiters;

i) spreagerbeams-and-bars;

j)  Tirfor lifting machines and “come-alongs”;
k) lifting fopes, slings and webbing straps;

I)  Chinege fingers;

m) contro] lines;

n) shackles;

0) sheavps;

p) caribina hooks;

q) lifting eyes.

All handling equipment should be treated as given in the following recommendations together with additignal
best offshdre working practices:

— used ip accordance with the rules and regulations of relevant international or national standards;

NOTE Certification requirements can apply:
— protected from damage and deterioration while not in use;
— inspedted for signs of damage and deterioration prior to use;

— designed and specified for.dynamic applications when intended for offshore use.

11.2.2 Stelel pipe-lay tensioners and equipment

11.2.21 If steelspipe-lay tensioning equipment or another type of equipment that is not specificplly
designed to handle flexible pipe is used for the installation of flexible pipes, it should be documented| by
detailed calculation that the crushlng loads on the pipe do not exceed the deS|gn requwements of ISO 13628-2
and 1SO 13628-+6—Fhe—tensioner—eompression v the
tension in the pipe.

11.2.2.2 As a principle, the calculations should be verified by trials of either the actual equipment or a shoe
and loading configuration that consistently simulates the actual equipment used, and it should be verified that
the relevant installation loads are simulated or validated by representative testing or use of the equipment.

11.2.3 Reels, carousels, baskets, and strip-out pallets
Support and drive frames, shoes, cradles and bobbins forming a part of an assembly should be designed and

certified for offshore dynamic applications, including lifting both individually and as an assembly, if appropriate.
Potential damage or collapse of pipes on reels and carousels because of excess overlying weight should be
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assessed where relevant. The drive facility should be fitted with the following facilities when used for
installation reels and carousels:

a)
b)
c)

11

fully controllable braking;
manual override for automatic tensioning devices;

back tensioning facility, e.g. for re-reeling.

.2.4 Overboarding chutes — Rotating and fixed

1.

aidp should be designed as recommended by the flexible-pipe manufacturer in accordarnce-wi

Int
Su

from sharp edges. Wetting of the chute may be used in some cases to reduce the friction with the p

11

pla
chy
be

11
Ch

acq
shd

11

11

11
ma

opportunity for damage. Use of craneage, if required, should be fully certified and rated in accordan

lift
11

priq
en

11

11
ves

L2.4.2

.5 Chinese fingers

3.1 General

B.1.1

4.1 Fixed or rotating bend limiters (such as arches and chutes) employed as installation
rnational Standards or national standards. All such equipment should be maintained-in“good
faces that come into contact with the flexible pipe should not be corroded or abrasive and sho,

A larger-diameter roller or conveyor, sheave or another type of équipment should
ce of an overboarding chute when tensions or other installation parameters are such that an oV
te can damage any structural or component part of a flexible pipe. Alternatively, the vertical lay s
employed. A stinger constituting a number of small rollers is generally not acceptable.

nese fingers, if used, should be selected with due consideration for the flexible-pipe mat
eptance for the selected design should be obtained from"the flexible-pipe manufacturer. Chin
uld have a suitable finish to prevent pipe-cover damagé when used for flexible-pipe installations

3 Transportation

In 11.3, any movement of-a.partially or fully manufactured product that is not a normal
nufacturing procedure is included. The transportation facility should be selected to minimize h3

br handling
th relevant

condition.
uld be free

pe.

be used in
erboarding
bystem can

erials, and
bse fingers

part of the
ndling and
ce with the

thorization
t countries

fequirements.

B.1.2 The manufacturer and purchaser should satisfy themselves of the validity of travel al
r to transportationsBue regard should be given to all rules and regulations imposed by relevar
route if transportation involves international travel.

B.2 Load-out

B.21 Load-out covers the period immediately prior to lifting or transferring flexible pipes ¢
seI up to and |mmed|ately after the vessel Ieaves the quay S|de All flexible pipes should

ins

bn board a
be visually
purchaser,

and |nstallat|on or transport representatlves where employed The mspectlon should be documented fully and
signed off by the above parties.

11

3.2.2

All flexible pipes should be packed and handled in accordance with the requirements of

ISO 13628-2 and ISO 13628-10, and further protected against deck activities where necessary. Such
protection and packaging should remain in place during load-out. The transportation vessel should not be
permitted to leave the quay-side until the purchaser has issued a load-out acceptance certificate, unless

oth

erwise agreed by the manufacturer and purchaser.
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11.3.3 Sea fastenings

Sea fastenings should be designed for the final transported mass in a dynamic environment appropriate for
the transportation vessel and the sailing route. All sea fastenings should be fully certified in accordance with
the appropriate design code prior to sail-away. All designs should be approved by the purchaser prior to load-

out.

11.3.4 Reeled flexible pipe

11.3.41
Flexible pi

Reeled flexible pipe in this context covers flexible pipe that is on a reel, carrousel or basket.

es should not be Ir\lam:ri on-a reel so that end fiﬂinge aor ather attachments induce ||nar‘r‘np’r

ble

local loadir
over-wrapy

11.3.4.2

in accorda
The reel s
identify th

11.3.5 Co

Coiled flex|
unpackage
uncontrolld
should be

11.3.6 Un

11.3.6.1
flexible pip

11.3.6.2

that dragg
flexible pip|
sail-away.

11.4 Inst

11.4.1 Ins

11.411

analyses s
activities o
state for th

11.4.1.2

tallation analysis

g in the pipe structure. End fittings or attachments that are not wrapped and packed should fiof
ed with unprotected pipe.

nce with established practice, or crane gauges, where such gauges have been individually certif
ould be fixed to prevent rotation prior to lifting in a drive or support frame. Therteel should cle
the pipe is full of fluid and the effect of the fluid mass on the total mass, if relevant.

led flexible pipe

ble pipe covers all pipes loaded out and secured on deck in coiled\condition, either packageg
d. The flexible pipes should be coiled so that removal of storage straps does not resulf

such that potential hazards are minimized during over-boarding.

coiled flexible pipe

Uncoiled flexible pipe covers all flexible pipes secured on deck, but neither reeled nor coiled. T
bs should be provided with suitable protection ftom dragging over dockside surfaces.

The flexible pipes should be located on'deck within reach of the deck crane or lifting facility,
ng across the deck and lifting around-ebjects during subsequent installation is minimized. T
s should be suitably sea-fastened-and provided with protection from normal deck activities prig

allation

The installation, analysis should take into account contingency scenarios. Dynamic installaf
hould be usedt0“define the maximum sea-state and current profile suitable for deck and installa
n the particular vessel. The loads applied in the analyses should be for the maximum defined s
b planned.activities.

The ‘installation load cases should check that minimum and maximum tensioner loads do

be

Masses should be accurately monitored and recorded during lifting, either with load cells certified

ed.
arly

or
in

d release. Coiled flexible pipes should be suitably sea-fastefed' prior to sail-away. Deck location

'he

SO
'he
I to

ion
ion

ea-

not

violate the

pipe design criteria if tensioners are used. The maximum load (with pipe hang-off tension) sho

uld

be checked for potential collapse of the pipe, while the minimum tensioner load, F,,;,, required to hold the pipe
should be greater than the force required to prevent the pipe slipping, defined as given in Equation (9):

Fimin, = Maximum [M,M] 9)
Hy  Ho
where
Jmax 1S the maximum tension in the pipe;
H is the friction coefficient between pipe outer sheath and tensioner pads;
Ho is the friction coefficient between pipe outer sheath and underlying armour layer.
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11.4.2 Monitoring

The subsea activities should be constantly monitored using diver- and/or ROV-mounted cameras as approved
by the client and installation contractor. The monitor recordings should be stored for review of subsea
activities after installation has finished. The recordings should identify all visible markings, confirm lay patterns
and configurations, and status of bolted flanges, connectors, bend restrictors, bend stiffeners and buoyancy

modules. All recordings should be stored with a log and uniquely marked for storage and retrieval.

11.4.3 Installation of reeled flexible pipes

De -
rollers, single-point attachments or sheaves should not induce unacceptable loads on the \fl
cture. Pipe deflection units may be used provided the MBR criterion is met. Single-point contd
Mminimized. Detailed calculations should be carried out to ensure that no unacceptable loads are
contact point.

f.4 Installation of carouselled flexible pipes

Th¢ recommendations in 11.4.3 also apply to flexible pipes on carousels.

11.4.5 Installation of coiled flexible pipes

Stdrage straps should be replaced by temporary deployment rigging prior to deployment of coils
unless the storage straps can be used for installation. The flexiblé pipe should be coiled on a rot
and the strip-out rigging should have a suitable swivel, when possible. The crane should slowly rai
to @ vertical position, allowing it to release any inherent twist'through the swivel. Divers should nof
tools for removal of temporary-deployment rigging.

11.4.6 Installation of uncoiled flexible pipes

Ungoiled flexible pipes should be lifted overboard with a crane using a multiple-point lift. Care shou
to ¢nsure that no damage is caused to theflexible pipe or end fittings if overboarding chutes and w
usgd. The pipe can also be laid out\straight on the deck and picked up by one end. The

prdcedures should ensure that the MBR criteria are not exceeded in this case.

11.4.7 Deployment and tie-in

11.4.71 Loads and deformations during deployment should be within allowable limits. Bend r
be [monitored during .installation or the installation method and laying parameters defined to ensur
criteria are not exceeded, for example, by monitoring the seabed touchdown point with an ROV a
trapsponder to maintain a minimum layback distance, thereby ensuring the configuration does not
MBR criteria. Rull-in wires (or weak links if used) should be such that they break before damage is
to the flexible jpipe as a result of excessive tension, if feasible. Flexible pipes should not be ove
during deployment through a steel pipe or J-tube, while accounting for the maximum friction ford
pull-in©Back-tension is required during these operations.

'he use of
exible-pipe
cts should
induced at

overboard
hting pallet
5e the pipe
use sharp

d be taken
inches are
installation

adii should
e the MBR
nd using a
bxceed the
sustained
-tensioned
e from the

11.4.7.2 The tie-in sequence should be arranged such that minimal inhibited fluid is lost after bl

ind flanges

are removed, unless flooding with inhibited water is carried out immediately after tie-in. In general, flexible
pipes should not be laid around obstacles such that natural movement is restricted. This can be acceptable,
however, if the procedures, equipment and flexible pipe are designed for the application. The use of scour
mats should be considered in preference to physical restriction if scour is considered a problem.

11.4.7.3 It is recommended that flowlines be connected to their termination points (wellhead, manifold) at
right angles to the main lay direction. This allows excess lengths and expansions of the line to be absorbed in
the final loop at the connection point. This final loop may also be used if there is an underestimation of the
flowline length.
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11.4.8 Trenching and burial

A pipe-tracking facility should be incorporated to facilitate route confirmation at a later date if an installed
flexible pipe is expected to become buried in soft seabed conditions. Suitable sand-bagging or some such
method should be provided to support a flexible pipe over sharp edges or corners in the event that the MBR
criteria might be violated or if the outer sheath cover might be damaged if the pipe enters a trench in hard
seabed conditions or passes over a boulder within the trench.

11.4.9 Vessel and equipment

11.4.9.1
vessel mo
lifting equipment should have suitable certification.

11.4.9.2
tension in the pipe if pipe tension is to be distributed among tensioners, reel drives and carousel drives.

11.4.9.3

pipe
a)
b)
c)

d)

11.4.10 In

11.4.10.1

11.4.10.1.1
configurati
chute is sh
Figure 31.

146

during
ROV f

tensio

deparfure-angle-measuring equipment;

compr
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pilization. All measurement equipment, particularly for measuring load, should be calibrated.

The installation procedures and control systems should be sufficient to ensure rcontrol of

Typically, the vessel spread should include the following equipment for manitoring the flex
installation:

br configuration;

h-measuring equipment for maximum top tension;

ession-load measurement for caterpillar tensioners.
stallation procedures

(General

bn and the particularities of the system components. A horizontal installation using an overboard
own schematically in Figure 30. Vertical installation can also be used, as shown schematicall

to
All

the

ble

The installation procedure employed for each flexible pipe is dependent on the system

ing
in
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a) Low tension 2 (y< 20 kN)
2
- ﬂiﬁ/

b) High tension ? (y> 20 kN)

flexible pipe
installation reel
laying chute
installation-vessel
MWL

tensioners

T

For high-tension systems, the pipe is kept slack behind the tensioners.

Figure 30 — Schematic of horizontal lay installation
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Buoyancy modules, anodes etc. fitted at this point.
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Figure 31 — Schematic of vertical lay installation
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11.4.10.1.2 The flexible pipes can be installed either flooded, free-flooding or empty. The manufacturer and
installation contractor should determine the installation conditions. Some pipes can require flooded or
free-flooding installation to prevent collapse of the pipe or to ensure the stability of the installed line. The
suitability of the carcass material (for rough-bore structures) should be confirmed with the manufacturer in this
case.

11.4.10.1.3 In selecting the installation strategy, it is necessary to address the issues that can influence the
schedule and risks, include the following:

pre-installation of risers prior to hook-up;

4.10.2 Flowlines

number and size of ancillary components, including buoyancy, to be installed;
types of base, if any, to be used and anchoring system (gravity, pile or suction);
tension in line;

tie-in systems, such as riser/flowline connections;

maximum environmental conditions (installation window);

interfaces with installation of other systems, such as mooring lines;
diver-assisted or diverless operations;

installation-vessel requirements, including number, size.and mobilization or demobilization cost
trenching or protection requirements;

installation of bundles or multiple lines;

subsea versus topside operations;

identification of components or eguipment installed onshore to minimize offshore operations;
ROV operations;

allowable installation tolerances.

o a pile or
nd flowline
ay then be

Figure 33
re-installed

ibitors.
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ire
pipe
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b) Pull-in wire

}

d) Plan view as installed

Figure 32 — Typical flowline installation procedure
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a) The installation vessel moves up
to the platform
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4
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RNSS SIS SIS SIS
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) The pull-in wire is attached to the end of the
flexible pipe and the pull-in operation begins

b) The pre-installed messenger ije,

followed by a pull-in wire, is transf
to the vessel from the platform

d) When the end of the flexible pipe r
the top of the J-tube, the end fittin
are attached to a hang-off structu

rred

eaches

gs
re

e) The installation of the flexible pipe is then continued in a lay-away operation

Key

platform
installation vessel
J-tube
messenger line
pull-in wire

o b W N -

flexible pipe

Figure 33 — Schematic of J-tube pull-in operation
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11.4.10.3 Riser configurations

Figures 34 to 38 illustrate typical lay systems and installation procedures for flexible riser configurations for
lazy-S, steep-S, lazy wave, steep wave and free-hanging catenary configurations. These figures show the
flexible pipe being installed with the first end connected to the vessel. This method does not necessarily suit
all applications and can be reversed. The vessel is represented schematically as a semi-submersible but this
is of no consequence with regard to the actual installation.

[ 2 \\hl 3 [ ]
\ / DSV / DSV

S

b) Overboard subsea buoy/arch system

<—8

8
5 5 [ ] )
c) | Overboard riser lower-end flange d) System as-installed
Key
1 pull-in winch 6 layout wire
2 FPS 7  clump weight
3 pull-in wire 8 riser flange
4  riser er fitting (REF) 9 flexible riser
5 seabed

NOTE 1 The above procedure is based on connecting to the FPS firstly and then laying away from the FPS. The
procedure can also be reversed.

NOTE 2  The horizontal lay procedure can be replaced with a vertical lay procedure.

NOTE 3  Many installers prefer to handle flexibles, buoys and clump weights separately.

Figure 34 — Typical lazy-S riser installation procedure
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a) Pull-in riser end fitting (REF) b) Overboard subseabuoy/arch system
2 2
C—— 1 C——
DSV
4 4
6 6
3
) 5
c) Overboard riser lower-end flange d) System as-installed
Key
1 | pull-in winch
2 |FPS
3 | pull-in wire
4 |REF
5 |seabed
6 [riser flange

NO[TE 1 This\procedure is based on connecting to the FPS first, then laying away from the FPS. The procgdure can be
reversed.

NO[TE.2\.* The horizontal lay procedure can be replaced with a vertical lay procedure.

NOTE 3  Many installers prefer to handle flexibles, buoys, and clump weights separately.

Figure 35 — Typical steep-S riser installation procedure
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M\/"’

@) Pull-in riser end fitting (REF)

~4

c) [ Overboard riser lower-end flange

b) Overboard mid-water buoyancy modules

d) System as-installed

be

Key
1 pull-in winch
2 FPS
3 pull-in wire
4 REF
5 seabed
6 riser flahge
NOTE 1 This procedure’is based on connecting to the FPS first, then laying away from the FPS. The procedure car
reversed.
NOTE 2 The horizontal lay procedure can be replaced with a vertical lay procedure.
Figure 36 — Typical lazy-wave riser installation procedure
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a) Pull-in riser end fitting (REF) b) Overboard mid-water buoyancy modules
2 2
C——— C——
DSV

c) Overboard riser lower-end flange d) System as-installed

Key
pull-in winch
FPS

pull-in wire
REF
seabed
riser flange
flexible riser,

N o o W N -

NO[TE 1 This procedure is based on connecting to the FPS first, then laying away from the FPS. The procgdure can be
reversed.

NOILE=2 The harizontal lay pmrpdurp can bhe rpplarpd with a vertical lay pmrpdurp

Figure 37 — Typical steep-wave riser installation procedure
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M\/"’

@) Pull-in riser end fitting (REF)

b) Lay-out riser catenary

d) System as-installed

This) procedure is based on connecting to the FPS first, then laying away from the FPS. The procedure car be

The horizontal lay procedure can be replaced with a vertical lay procedure.

Figure 38 — Typical free-hanging catenary installation procedure

2
C——
6 Ry
=/
v !
)
c) | Overboard riser lower-end flange

Key
1 pull-in winch
2 FPS
3 pull-in wire
4 REF
5 seabed
6 MSL
7 riser flapge
8 flexible fiser
9 touchdgwn paint
NOTE 1
reversed.
NOTE 2
156

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=ae02d0e666f5dd27054f8a0527b73f9b

ISO 13628-1

11.4.11 Diverless and diver-assisted installation
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The selection of diver-assisted or diverless installation depends on a number of factors, including the

following:
a) safety aspects;
b) water depth;
c) regulatory requirements or guidelines;
d) | available space for tie-in operations (if a large number of risers are to be connected to a turfef, there can
be insufficient space for divers);
e) | economic factors (diverless tie-in equipment can have significant costs);
f) | environmental conditions;
g) | equipment reliability (technical risks);
h) | schedule requirements (for example, diverless operations can be mugéhiquicker).
11|5 Pre-commissioning and commissioning
11.6.1 Introduction
11.5.1.1 This process involves the testing and monitoring of flexible pipes after tie-in and complgtion of the
fulllsystem, of which the flexible riser and/or flexible flewlines are an integral part. Damage should e repaired
and the commissioning should be restarted if the flexible pipe incurs damage during the commissiohing period.
Th¢ pipe manufacturer and the purchaser should.decide, through consultation, if the pipe is repairable.
11.5.1.2 The purchaser should provide ‘the test specification. The manufacturer's recommenidations on
tesfing should be taken into account and the testing should be carried out prior to any backfilling.
11.5.2 Pigging
5.2.1 The guidelines ,in_11.5.1.2 should be implemented if commissioning requires pigging of the
ible pipe. Metallic brushes’should not be used in flexible pipes without a metallic carcass laygr. Metallic
hes may be used if.the/internal liner comprises a steel carcass, provided the materials are compatible and
brush does not damage the carcass. Metallic scrapers should not be used.
pH.2.2 Gauges'may be used, provided the discs are designed such that any obstruction protryding within
gauged diameter are indicated by a permanent deformation. The gauge plate should be apprgved by the
ible pipe.manufacturer (see ISO 13628-2 and ISO 13628-10).
5.2.3 Articulated pigs should only be used if the natural mass of the pipe or installed, imposed bend
radius/is_sufficiently large to accommodate the segment lengths in the pig assembly. Foam pigs| should be
used for pipes without a metallic carcass layer if possible, but other types of pig may be used, subject to

acceptance by the flexible-pipe manufacturer.
11.5.3 Hydrostatic pressure test

11.5.3.1 General

11.5.3.1.1

The hydrostatic test may be performed separately on the flexible pipe or as a system test if the

flexible pipe is part of the total system. The pipe system may include manifolds, trees, valve assemblies,
couplings, seals, etc. All components in the system should be verified as being capable of withstanding the
maximum test pressure. The installation test procedure should be as given in ISO 13628-2 and ISO 13628-10
(hydrostatic pressure test), where relevant.
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11.5.3.1.2

The hydrostatic test should take into account the following recommendations.

a) Only a leak test (with a pressure recommended at 1,1 times the design pressure) is necessary if the
flexible pipe is installed without the occurrence of any suspected damage, because a structural-integrity

test wi

Il have already been performed.

b) A structural-integrity test (with a pressure recommended at 1,25 times the design pressure) can be
required if the pipe has been damaged, repaired, end fittings replaced, retrieved and re-installed without a

FAT h

ydrotest, or other such occurrence that can be considered relevant.

¢) The hold period for the test should be 24 h, unless otherwise recommended (see 11.5.3.5).

d) Regul
be chd
e) The fl
includ

in 1.1 A

enviro
11.5.3.1.3
a) pre-te
b) fill-me
c) pressy
d) stabilii
e) pressy
f) entrap
g) permig
h) presst
i) visual;
j) data-r
k) inspeqg
I) accep
11.5.3.1.4

seawater @

btory-authority requirements can exceed the recommended test pressures in a) and b) and.shd
cked with the relevant authorities.

bxible-pipe design should be checked against allowable criteria for the pressure-test load c4
ng loads from maximum test pressure (which are between 1,04 and 1,1 times neminal as specit
.3.3), functional loads (including mass and buoyancy of pipe, contents and attachments), relev
hmental loads and any appropriate accidental loads.
The hydrostatic test procedure should identify the following, as and where applicable:
5t pigging requirements;
Hium details;
rization and depressurization rates;
ration criteria;
re-isolation details;
ped-air assessment;
sible unidentifiable pressure loss;
re-variation calculation methed;
inspection details;
bcording details;
tion requirements;

ance criteria.

Al annulus vents in unbonded pipes should be opened in end fittings that are not immersed i

uld

se,
ied
ant

uting the test. The hydrostatic pressure test comprises the following main tasks:

a) testof

instrumentation and connections;

b) pressurization of the line;

c) stabilization period;

d) hold period;

e) depressurization.

11.5.3.1.5 Recommendations for these tasks and acceptance criteria, measuring equipment and test
records are givenin 11.5.3.2 to 11.5.3.9.
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11.5.3.2 Test of instrumentation and connections
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A pressure test should be performed on the test equipment and connections at a pressure not less than

104 % of the nominal test pressure of the flexible pipe. The duration of this test is 0,5 h.

11.5.3.3 Pressurization

Pressurization of the pipe should be carried out at a steady and controlled rate specified by the ma

nufacturer.

Too high a rate can lead to excess stabilization periods. A typical maximum rate is 18 MPa/h (180 bar/h). The

pressure should be raised to a value no greater than 110 % of the nominal test pressure.

NO[TE Different manufacturers specify factors between 104 % and 110 % of the nominal test pressure
within this range is suitable, so long as it is documented and used consistently throughout design and testactiy

Th¢ air content should not exceed 0,5 % for smooth-bore pipes and 1,0 % for rough-bore pipes. Ve
pipe ends should be performed and pressurization recommenced if the air content exceeds the abo

11)5.3.4 Stabilization

The stabilization period should last for 10 h after the end of pressurization._This stabilization peri
extended if significant pressure drops are still occurring after the first 40 h, because of the s
prgcess or thermal stabilization in the flexible pipe. The period may also be reduced if the line is|
Stgbilization is defined as a pressure change over 1h of less than 1% of the test pressu
stapilization, the pressure curve should be recorded, and a.log of pressure and subsea ang

; any factor
ities.

nting at the
ve values.

bd may be
tabilization
stabilized.
re. During

test fluid

temperatures should be maintained (every 0,5 h for pressufe readings and every 2 h for temperature

ings).
5.3.5 Hold period

5.3.5.1 The 24 h hold period may start when'the stabilization period is completed. A log of pr
sea and test fluid temperature readings should be taken at 0,5 h intervals during the hold
sure shall be greater than or equal to the nominal test pressure for the hold period. There §
ccountable pressure drop during the test. The maximum pressure drop during the hold period
eed 4 % of the nominal test pressure.

11/5.3.5.2 The hold period for.a'leak test may be reduced to 6 h if all of the flexible pipe, includin
fittihgs, can be visually inspected for leakage during the test.

pssure and
eriod. The
hall be no
should not

g both end

11,5.3.5.3 The line should ‘be repressurized if the pressure falls below the test pressure once the test has

comnmenced. In such a'case, the hold period is considered as recommencing from this point.

11/5.3.6 Depressurization

The¢ depressurization of the pipe should be performed at a steady and controlled rate. The
depressurization rate should be defined by the manufacturer. Pipe failure can be caused by depre
at foo-high a rate. A typical maximum rate is 108 MPa/h (1 080 bar/h).

maximum
ssurization

11.5.3.7 Qualitative acceptance criteria

11.5.3.7.1 The following acceptance criteria are recommended as a minimum.

a) The test pressure is maintained for the period specified in 11.5.3.5.

b) The test pipe does not undergo unintended or major changes in shape or configuration under pressure.
c) The pipe does not leak.

11.5.3.7.2 Leaks through all components in the pipe system should be evaluated if the pressure loss is such

that a leak is suspected, because the leak can be from valves, seals, etc., rather than from the pipe

© 1SO 2007 — All rights reserved
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11.5.3.8 Measurement equipment

Measurement equipment used for pressure testing should be calibrated at least every 6 months. Equipment
should be maintained in good order and used only for the purpose for which each item has been designed and
intended. Equipment used should be listed with all relevant details in the test documentation and should be
calibrated to within the following levels of accuracy:

a) hydrostatic pressure gauges: 0,0 % to 0,5 %;
b) dead-weight testers: 0,0 % to 0,1 %;
c) pressure-chart recorders: + 0,5 %;

d) all other measurement equipment: + 1,0 %.

11.5.3.9 [lestrecords

11.5.3.9.1| Itis recommended that the following test records be maintained:
a) date and time;

b) locatidn, condition and situation details;

c) test and safety personnel;

d) fill-meflium details;

e) all eqyipment and certification details;

f)  pressure recorder charts showing continuous recordings;

g) periodic pressure readings, every 30 min as aiminimum;

h) periodjc ambient temperature readings, every 30 min as a minimum;

i) periodjc fill-medium temperature readings, every 30 min as a minimum;
j)  visuallobservations.

11.5.3.9.2| The test records should be signed by the appropriate personnel and filed for reference.

11.5.3.9.3 | A post-conimissioning survey should be carried out and recorded on video tape to verify that fthe
flexible pipe system.is,installed as designed.

11.5.4 Dryinglof pipe

11.5.4.1 There can be stringent requirements on the amount of water that can be leftin a flexiple pipe after
the hydrostatic pressure test in some cases. An example of this is gas-export flexible risers tied in to major
export lines, which have stringent requirements on the dryness of the gas. A rough-bore pipe is required for
the riser. With this construction, the interlocking carcass layer forms a large trap for water, which, subsequent
to a hydrotest, might violate the gas-dryness requirements. Vacuum drying of the flexible riser is potentially a
very costly and time-consuming operation on the critical path of a project.

11.5.4.2 A special valve skid can be developed for the seabed end to allow dry installation and tie-in. In

addition, the factory hydrotest of the riser can be performed with glycol instead of water, and the riser
pressurized with nitrogen during transportation and installation to ensure dryness.
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12 Retrieval and reuse

12.1 General

12.1.1 Clause 12 addresses the retrieval of flexible pipe and
Recommendations are provided for the inspection and test requirements for the pipe prior to reuse

reuse at an alternative

location.
. Note that

the retrieval recommendations for pipe that is intended to be reused also apply to pipe that is intended to be

retrieved and scrapped.

12.1.2 Consideration should also be given to the recommendations in 12.2 for a pipe that is intended to be

retfieved for repair purposes and re-installed afier repair.

12|2 Retrieval

122.1 General — Bonded and unbonded pipe
12,
or
pre
as

2.1.1 A flexible pipe can be retrieved because of the cessation of its usefulness at a particu
because of damage to the pipe. The retrieval operation is essentially the reverse of ins
-survey to assess the condition of the pipe should be carried out to highlight any potential prob
the following:
pipe burial: jetting can be necessary to' unbury the pipe to avoid kinki
during recovery;

pipe crossings and adjacent lines:  to ensure these areynot damaged by retrieval operations;

can cut through the outer sheath as the pipe comes in ¢
layover arches, bending shoes, tensioners, etc.

hard marine growth:

2.1.2 A procedure for pipe retrieval should be prepared to preserve the pipe integrity
ration. The same conditions considered*in“the global and local analysis of the original installa

213 Local environmental laws and regulations should also be considered. Special care
-fluid spillages should be takéen to avoid pollution. The potential for hazardous elements in the

opgrability-type»study should be performed for all operations. Paraffin plugging is a major
enyironmental)hazard. Pipe recovery is possibly not safe if the occurrence of paraffin plugging is a g

12.2.15 Procedures for pipe retrieval should foresee how the pipe will be identified. Prg

ar location
allation. A
ems, such

hg the pipe

pntact with

during the
ion should
ironmental

regarding
pipe, such
brocedures
ry prior to

cation and
safety and
ossibility.

per visual

ideptification (through ROV, for example) should be used for this purpose. Buried pipe requi

es special

procedures to avolid possible damage to the pipe or other subsea equipment from trawler equipme
unburying the pipe.

12.2.1.6

nt used for

All limitations of the pipe during installation and handling (such as MBR, maximum allowable

torsion, maximum crushing load and tension and winding/unwinding and storage recommendations) should be

respected during the retrieval procedure to avoid damage or failure of the pipe. Consideration shou
to the pipe’s aged condition (reduced structural capacity) when specifying retrieval criteria.

12.21.7

Id be given

The tensions experienced by the pipe are greater during retrieval than installation because of

friction on the overboarding chute. Voiding the pipe can be necessary prior to retrieval, depending on the

tension and riser configuration.
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12.2.1.8 The recovery operation may be simulated using suitable software. The simulation should take into
account relevant factors (such as sea-state, current profile, vessel motions) and possible restrictions to
recovery, including burial material (soil, clay or rocks), protection mats and structures.

12.21.9 Loads, deformations and abrasions of the pipe should be monitored at all times during pipe
retrieval. The pipe should be inspected during recovery. Any damage should be identified clearly on the pipe
outer sheath by means of suitable markings. The manufacturer should be consulted for cleaning and storage
procedures.

12.2.2 Unbonded pipe

12.2.21 The potential for corrosive or toxic fluids in the pipe annulus should be evaluated. Any vent ports
or valves dontaining such fluids in the end fittings should be immediately plugged on retrieval of the pipe Until
these fluid$ can be safely discharged. One possibility for discharging the fluids is to pump air or nitregen into
one end fitfing and allow release at the other end fitting.

12.2.2.2 Special care should be taken during retrieval to avoid bursting the outer-sheath becausq of
excess differential pressure between the annulus and exterior of the pipe. Excess diffefential pressure ¢an
also causg loosening of the outer sheath and can result in problems (including damage to the sheath) if the
pipe is retfjeved using tensioners or if Chinese fingers are used (compression created might not be sufficient
to take tengion load through friction). The retrieval rate should be controlled to,allow such excess pressurg to
be bled offf at the end fitting vent valve during retrieval. The pressure-release-system should be controlled to
ensure the|safety of personnel if the annulus contains toxic fluids.

12.2.2.3 The allowable retrieval rate should be calculated based.on‘the condition of the gas-relief systém.
Gas-relief yalves that have not been operational for a substantial périod can become stuck because of sdale
deposition] marine growth, corrosion, etc. Clogged valves should“be freed prior to recovery of the pipg, if
feasible. Consideration can be given to drilling burst discs in:the outer sheath prior to recovery to safeguard
the integrity of the outer sheath.

12.2.3 Bopded pipe

12.2.3.1 For float/sink-type bonded pipes thatfloat when empty (full of air), the pipeline should be retrieyed
by floating|it to the surface and then heaving itonto a reel from the surface of the water. The manufactyrer
should be ¢onsulted for de-watering and pigging procedures and limitations.

12.2.3.2 Care should be taken during reeling of bonded pipelines that consist of multiple lengths to profect
the adjacgnt pipe layers from damage due to contact with an end fitting. The manufacturer should|be
consulted for packing recommendations related to his particular end fitting.

12.2.3.3 Care should /be~taken during retrieval of smooth-bore (collapsible), bonded pipes to avoid
capturing gxcessive twist2on the reel. Consideration should be given to maintaining a nominal pressure in fthe
pipe bore guring retrieval to control twist. Full twists captured on the reel should be relieved by transpooling
the pipe under internal pressure. If the pipe floats when full of air, the twist can also be relieved by pulling fthe
pipe off the retrieval reel onto the water surface, pressurizing it with air, then heaving it back onto the reel| off
the surfacg of'the water. The pipe should not be stored or reused in the twisted condition.

12.2.3.4 Smooth-bore, bonded pipe can exhibit high elongation due to tension, particularly when the pipe
is unpressurized. Care should be taken during retrieval to minimize the amount of elongation that is captured
on the reel. The pipe should be transpooled, under internal pressure, to relieve the elongation before the pipe
is stored or reused if excessive elongation is captured on the reel. Alternatively, if the pipe floats when full of
air, the pipe can be pulled off the retrieval reel onto the water surface, pressurized with air, then heaved back
on to the reel off the surface of the water.
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12.3 Reuse

12.3.1 General

12.3.1.1 As a minimum, the following stages are recommended for the process of reusing a flexible pipe in
a new application:

a) documentation;

b) pipe evaluation;

c) | pipe retrieval;

d) | inspection and repair;

e) | test requirements;

f) | installation.

123.1.2 Clause 11 contains guidelines on installation and 12.2 contaifs-guidelines on pipe refrieval. The
remaining stages in the process are addressed in 12.3.2 to 12.3.5¢ A retrieved pipe designed for static
applications should not be reused for a dynamic application. Stages,a).and b) of 12.3.1.1 should be| performed
prigr to pipe retrieval to determine if it is feasible to reuse the pipe-

123.2 Documentation

123.21 The user should maintain a detailed record<of previous use so that it is possible to|accurately
evdluate the feasibility of reusing the pipe. The ‘record should specify water depth, production-fluid
chgracteristics, installation date, length in service,-operating pressure and temperature and any ungnticipated
ev@gnts that can affect the pipe function.

123.2.2 Any events that can have damaged the pipe and any previous repairs to the pipe shoyld also be
dog¢umented and held as evidence of the\pipe’s service history. In addition, records of all previous inspections
and monitoring operations relating to the pipe should be maintained.

12.3.3 Pipe evaluation

123.3.1 General

123.3.1.1 When.apipe is under evaluation for reuse, the new design conditions should be definefl using the

purichasing guidelines in ISO 13628-2 and ISO 13628-10. The flexible pipe for reuse should comp

pip

12.
cha

e-structure design criteria specified in ISO 13628-2 and 1ISO 13628-10 for the new design conditi

3.3.122 A general review should be carried out, prior to pipe reuse, considering the
racteristics, the new conditions of use, the remaining pipe service life and all previous conditio

ha

ly with the
ons.

ipe-design
hs that can

e~affected its characteristics. The evaluation should also address any accidental damage four

d from the

pipe inspection after retrieval. The effect of corrosive fluids on the structural layers of the pipe should be
evaluated in the calculation of the remaining service life. In addition, the aged state and remaining life of the
liner or internal pressure sheath/liner polymer/elastomer material should be evaluated.

12.3.3.1.3 Pipe verification and assessment for reuse are addressed in 12.3.3.2 to 12.3.3.4 for the following

reu
a)
b)

c)

se conditions:
similar use;
new conditions;

special cases.
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12.3.3.2 Evaluation for similar use

12.3.3.2.1 The pipe is intended for reuse in conditions similar to the original application in this case. It does
not include situations in which the pipe was subjected to abnormal occurrences, damage or other events that
can have significantly reduced the service life. The following information is necessary for the evaluation:

a) new conditions of use (see ISO 13628-2 and ISO 13628-10), including identification of any major changes
in the application (H,S or CO, levels);

b) remaining service life;

c) origindl data specified by the manufacturer, including pipe capacity (data sheet and design report).

12.3.3.2.2| An inspection of the pipe for damage should be sufficient to approve the pipe for reuse if,the new
conditions |of use (including installation and retrieval equipment and procedure and environmental @nd
operationa| conditions) are easily identified as equivalent or less critical than the original conditions or orig|nal
design crit¢ria, and if the remaining service life is greater than the life required for the new l6¢ation.

12.3.3.2.3 | Attention should be given to the procedures and equipment used for installation and retrieyal,
particularly| for deep-water applications where installation conditions can be critical. The installation loads
should be|confirmed to be less than the original installation, or, alternatively,”a new analysis should|be
performed [to confirm that the pipe meets the design requirements specified-in 1ISO 13628-2, ISO 1362810
and Clausg 5.

12.3.3.3 Evaluation for new conditions of use

12.3.3.3.1| The following information shall be assessed if the mew conditions of use are not similar to [the
original ongs, or if the evaluation carried out according to 12.3:3.2 is inconclusive:

a) (globalland cross-section analyses (considering new<nstallation equipment, new operational conditigns,
new application, etc.);

b) result§ of prototype tests, as available (short= and long-term tests).

12.3.3.3.2| The liner or internal pressure -sheath of flexible pipe for reuse should be suitable for the new
transported-fluid conditions, consideringsaspects such as chemical compatibility, temperature, gas permeation
and ageing. Ageing models and methods for determination of elastomer or polymer residual life should|be
used in thg analysis with appropriate.safety margins where available.

12.3.3.3.3| The metallic materials should be qualified for SSC and HIC resistance in the new design
conditions |if sour conditions_are foreseen. Elastomer, polymer and metallic-layer thickness reduction ag a
result of frgtting or abrasion; which can have occurred during previous use, shall be properly evaluated.

12.3.3.4 Evaluation’ of special cases

12.3.3.4.1 | Additional analysis can be necessary if the pipe is subjected to abnormal occurrences, damage,
critical stresses or other events that can have Qignifinsmﬂy reduced the service life of the pipe—In_slich

situations, the following can be required:

a) special local analyses;
b) new prototype tests;

c) records of abnormal operation, such as occurrences when the pipe was submitted to conditions beyond
those considered by the original design (extreme loads or temperatures);

d) records of defects or condition detected from inspection during operation or after retrieval (such as
damage, corrosion or ageing);
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e) records of former conditions of long-term pipe storage;

f) tests for material qualification (ageing tests, compatibility tests, SSC/HIC NACE qualification tests).

12.3.3.4.2 Special local analyses can be useful for evaluating damage, such as wire rupture, corrosion, wear,
etc. New prototype tests may be performed to confirm some specific characteristic required for reuse of the
pipe in new conditions (if new installation equipment applies high stress to the pipe).

12.3.3.4.3 Results of qualification tests on materials (see ISO 13628-2 and ISO 13628-10) can be useful for
evaluating their remaining life when exposed to operational fluid or to environmental conditions. New tests can
be pece ' i Q O criteria.

123.3.4.4 CQualified methods for the pipe and system design should be available to carry out:\the
locgl analysis. Operators can use their own methods or those of a manufacturer or a third party t
thel pipe assessment. In all cases, the programmes and methods used should be validated as 1
ISQ 13628-2 and ISO 13628-10.

123.3.4.5 Special attention should be given to calculating the pipe remaining life.”Safety marging
thel same as specified in ISO 13628-2 and 1SO 13628-10. Information concerning long-term perfq
matterials under the original use conditions is essential for taking any decision about pipe reuse.

data that can be useful for this purpose include operational experience with materials and pipes
lonp-term tests performed for material qualification, prototype testing:\(destructive testing of sar
retfieved pipe), inspection of retrieved pipes, suitably qualified non-destructive testing monitoring

and calibrated models for calculating service life, both theoretically and with tests.

123.4 Inspection and repair

12.3.4.1 General

Manufacturer’s technical personnel should be invelved in any inspection and/or repair operation.

123.4.2 Unbonded pipe

123.4.2.1 Rapid corrosion of exposed pipe armour can occur when it is subjected to the atmos
result of damage (caused, for instance, during the pipe retrieval). It is, therefore, recommendeg
areas be immediately protected. by using special anti-corrosion products and by covering them w
bandage if they cannot be immediately repaired.

123.4.2.2 An inspection“should assess the degree of corrosion that has taken place and e
corfosion that can bepresent in areas of damaged outer sheath that allow the ingress of water. Co
both reduce the atrmour load capacity and adversely affect its wear characteristics. Areas of the

burst discs were focated during the pipe’s previous operation are an example of a pipe sec
sighificant corrgsive damage can occur. Acceptance tests (see 12.3.5) and local analysis should be
to ¢valuate-if the damage is critical.
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1234.2:3 It can be convenient to cut out critical damage in a localized area and install end fitti
oxthermitios o ; X . ; .
interface between th

e pipe and the bend stiffener/restrictor, where damage and corrosion are likely

iven to the
to appear.

12.3.4.2.4 Qualified procedures and personnel should be used for outer-sheath repair. The procedures
should guarantee the minimum required pipe-performance properties. The qualification of repair procedures
should include tests that confirm pipe characteristics. The long-term degradation of the repaired area should
also be considered. As an alternative to outer-sheath repair, it can be more convenient to strip off the whole
layer and re-extrude a new outer sheath.
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12.3.4.2.5 End fittings should be subjected to detailed inspection. The corrosion-protection system should be
evaluated for all components (end-fitting body, bolts, nuts). The gasket seat should be checked against the
design standard for the required surface finish. It should be decided whether regrooving by machining is
feasible or whether the flange should be replaced if the face does not meet the requirements. Replacing the
flange can possibly require replacement of the end fitting, as it might not be possible to weld on a new flange.
Relief valves should be tested and recalibrated or replaced.

12.3.4.2.6 The long-term degradation of plastic components of end fittings should be evaluated. The service
life of resins and gaskets should be obtained from the pipe supplier.

12.3.4.2.7 The new end fittingq should be assembled uqing a_pracedure approved hy the pipe supplier or
other competent body if the end fittings are removed.

12.3.4.3 PBonded pipe

12.3.4.3.1| The exterior surface of the pipe should be thoroughly cleaned and inspected-during or after
retrieval.

12.3.4.3.2 | Rapid corrosion of exposed reinforcing plies can occur if the cover layer.of a bonded flexible gipe
is damagef (for instance, during pipe retrieval). It is, therefore, recommended that-the area be immediately
protected jy applying anti-corrosion product(s) and covering with a temporary, impermeable layer.

12.3.4.3.3 | All areas of cover damage should be inspected for corrosion. Corrosion can produce rgpid
degradatioh in the filament-wire cables typically used in bonded flexible’ pipe. Acceptance tests and Iqcal
analysis should be performed to determine if the corrosion damage is-critical.

12.3.4.3.4| Cutting out the damage and installing new end fittings "at the cut ends of the remaining sectipns
can be pogsible if the damage in a localized area is determined to be critical. New end fittings should|be
installed by qualified personnel using qualified procedures. Bonded flexible pipes with built-in end fittings may
use tempofary repair fittings but, in general, this type of pige cannot be permanently re-terminated.

12.3.4.3.5| Qualified procedures and personnel shiould be used for all cover repairs. The repair-procedure
qualification should include tests that confirm pipe characteristics. Long-term degradation of the repaired afea
should als¢ be considered.

12.3.4.3.6 | End fittings should be subjected to detailed inspection. The corrosion-protection system should be
evaluated for all components (end-fitting body, bolts, nuts). The gasket seat should be checked against [the
design stgndard for the required ‘surface finish. The decision should be made whether regrooving|by
machining|is feasible or whethef thé flange should be replaced if the face does not meet the requirements.
Replacing the flange can requir@ replacement of the end fitting, as it might not be possible to weld on a new
flange.

12.3.4.3.7 | The long-term degradation of plastic components of end fittings should be evaluated. The seryice
life of resins and gaskets should be obtained from the pipe supplier.

12.3.4.3.8 | The interface between the built-in nipple and the liner layer should be visually inspected using a
mirror or bprescope for bonded pipes with built-in end fittings. Any evidence of delamination of the liner layer,
linear movement (slippage) between the nipple and liner or seepage of oil into the nipple-liner interface should
be thoroughly evaluated to determine if it is critical.

12.3.5 Test requirements

12.3.5.1 After a pipe is prepared for reuse, it should be subjected to the factory tests specified in
ISO 13628-2 or ISO 13628-10 or as required by the user (such as a hydrostatic test, gauge test or electric
continuity test). The hydrostatic test pressure should be in accordance with FAT requirements in ISO 13628-2.
The design pressure should be reduced to 0,67 times the test pressure if the test pressure is reduced.
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12.3.5.2 Pipe flushing and corrosion protection for storage can be necessary after the pressure test. Other
tests or inspection methods (see Clause 11) can be used to check for defects in the pipe, such as material
loss by corrosion or cracks or flaws in the structural layers. The pipe should be subjected to further analysis,
as recommended in 12.3.3.4, if abnormalities are identified.

12.3.5.3 Re-installation and commissioning of the pipe should take into consideration the
recommendations of 11.4 and 11.5.

13 Integrity and condition monitoring

13|1 General

Clguse 13 provides guidelines and recommendations on integrity and condition monitoring, including potential
pipe defects, for unbonded flexible pipes. In general, Clause 13 does not apply to bonded\flexible pipes.

13]2 General philosophy

132.1 Inspection/monitoring philosophy
13.2.1.1 A detailed integrity and condition-monitoring programme)should be established, based on an
eviluation of the failure modes to which flexible pipe are exposediand the risk attributed to failure|from each
soyrce.
13.2.1.2 A monitoring system designed to operate throughout the field design life, or for a redyced period
on jone or more dynamic risers or flowlines for research or,operational use, is possibly required. These issues

shquld be resolved fully and a field philosophy completed prior to design commencement. The morfitoring and
inspection philosophy should be identified in the project design premise.

13.2.2 General

The inspection and monitoring programme should typically include all applications of flexible pipg¢ and their
angillary components.

13.2.3 Objectives
The objectives of an in-service integrity and condition monitoring programme should include the follpwing:
a) | detection of possible degradation at a sufficiently early stage to allow for remedial action and, thereby
1) proteet against accidents or loss of life,

2) _protect against environmental pollution,

3)y avoid downtime,

4) minimize the risk of economic loss arising from pipe system degradation or damage to field
equipment;

b) demonstration of continued fitness for purpose;
c) compliance with all relevant statutory and regulatory requirements;

d) provision of a record of service data, which can be required when considering future reuse.
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13.2.4 Establishment of an inspection/monitoring programme

13.2.41 Potential modes of failure should be identified for the specific design and application of the
flexible pipe. The pipe system’s functional and operational requirements should be taken into account when
assessing potential failure modes.

13.2.4.2 A risk analysis should seek to quantify the risk attributed to each failure mode, typically as a
function of the probability and consequence of failure. The establishment of an inspection and monitoring
strategy should relate the degree of required monitoring or inspection to the calculated level of risk.

13.2.4.3 Available direct or indirect methods to inspect/access the pine should be evaluated for their
suitability for the intended flowline or riser application. Furthermore, adequate provision for facilitating\ pipe
monitoring|should be made in the design of the pipe system and associated topside and subsea fagilities| In
this respedt, topside piping should be designed to allow access for internal inspection tools. Thisareq of
flexible pige technology is continually evolving, and the pipe and pipe-system design should ‘consider fhe
likelihood that some developing methods will become standard practice in the future.

13.24.4 The requirements for a baseline survey should be considered for each of.the methods that is
selected a$ part of the integrity and condition monitoring programme. Provision should*be made for any slich
baseline slirvey before the pipe is brought into service, and records should be_held for the full life of fthe
flexible pipe system.

documentgtion of the manufacturing process. It is necessary to plan installation operations thoroughly to avjoid
damage cdused by handling equipment. Special care shall be taken Wwith the first baseline visual inspeciion
after installation to document minor anomalies or damage that may.indicate undetected problems and [the
necessity fpr more frequent monitoring.

13.2.4.5 Integrity monitoring should begin at the factory with thorough ‘inspection, quality control \Tnd

13.2.5 Inspection and monitoring programme review

The inspedtion and monitoring programme should be subjected to regular, documented review throughout the
service lifg of the flexible-pipe field system. This review should reconsider the methods and frequency of
review baded on the results of inspection or menitoring, experience of this or similar systems or additignal
knowledge| of flexible-pipe behaviour. Documented records of the review process should be retained for [the
service lifg of the field system, or the service’ life of each flexible pipe in the field system if any pipes fare
reused.

13.3 Failure modes and potential pipe defects

13.3.1 A flexible-pipe failure-mode describes one possible process by which a flexible pipe can fail. A single
failure mogle typically represents a succession of pipe defects that have the potential to culminate in gipe
failure. The¢ identification/ef relevant failure modes should be based on a detailed knowledge of flexible-gipe
behaviour.

13.3.2 Tables 30-to 32 identify potential defects that apply to the integrity of flexible pipe systems. Each
defect is nimbered and the likely cause and consequence of the defect has been identified.

13.3.3 Tables 30 and 31 relate to riser and flowline applications, respectively, individually classifying defects
in each layer of pipe. Table 32 applies to defects associated with system components and pipe attachments
and damage that can affect the condition or integrity of the flexible pipe itself.

13.3.4 These tables should be reviewed during the selection of the integrity and condition monitoring
programme. The review allows identification of critical components in the pipe system and potentially critical
defects, thereby facilitating a better definition of the requirement and relevancy of available monitoring
methods.
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13.4 Monitoring methods

13.4.1 Table 33 lists current methods available for the monitoring of flexible pipes in service. Visual
inspection and periodic pressure testing have been, to date, the most common forms of in-service monitoring
used for the demonstration of continued fitness for purpose.

13.4.2 Non-destructive testing of pipes in service includes direct intrusive and non-intrusive techniques that
have been field demonstrated and suitably qualified as measurement methods.

13. 4 3 The age|ng of non- metaII|c components and the corrosion or erosion of metallic components can be

: g traps. The
throughout
the| service life of the component. Figure 39 shows a removable rigid, test-pipe arrangement (in geries or in
parallel with the flow), which uses a mock-up of the internal layers of flexible pipe. It allows gas venting
thrpugh a pressure-relief valve.
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Figure 39 — Schematic of possible test pipe arrangements

13.4.4 Dielectric sensing of the internal pressure sheath should be used only if qualified for the material and
for the temperature and pressure ranges applicable to the service conditions. Figure 40 is a schematic
representation of the measurement method applied to topside internal-pressure-sheath monitoring.
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13.4.5 G4gs-diffusion monitoring.-of+a flexible-riser annulus measures the composition of the gas samp
through a Yent valve at the pipe-end fitting, typically at the riser top. The objective is to relate the results to
potential fgr metallic-layer cefrosion (including SSC and HIC) or the aged condition of the internal press|
sheath, whiich can providesan-éarly warning of severe deterioration before the integrity of the pipe is affecte

13.4.6 Lopd, deformation and environmental monitoring include methods that involve the measuremen
the following:

a)
b)
c)
d)
e)
f)

)]
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alternatg current supply
IBM-comnpatible personal computer
LCR meter

multipleixer

distribufion board

junction| box

weathef-deck hazardous area
sensor gpool piece in product flow

An LCR meter measures inductance (L), capacitancey(C), and resistance or impedance (R).

Figure 40 — Schematic of topside dielectric-sensing layout and instrumentation
for thermoplastic monitoring
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deflection;

torsion;

bending;

internal product composition;
internal pressure and temperature;

vessel motions and environmental conditions.
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