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B 200 OFFSHORE STANDARDS .....cutttuiiitieeetiettttiateeeeeteeesttaaaaeeeseeeratreeeeseeratatteesessersrsriaaaeeeeseeens 10
B 300 RECOMMENDED PRACTICES. .....cuttuiiii e ettt e e e e e e et e s e e e e e e e e et it e e e e e e e e eestaa e e eeeeeeesaaraeeeeas 10
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B 700 OTHER REFERENCES. ... ..ciititttttteteeeeeteetttt e seeeeesee ettt aseaeseeesataaaaeeeseeesatatanneaaaeseeerstannaaeaeasernns 11
C.  GENERAL DEFINITIONS (SAME ASIN DNV-OS-F20L).......cotiiiiiiiieiiiieeeesiieee e eieeee e 11
C 100 VERBAL FORMS......ccoitttuiieeeeeeeeeett i ea e e e e e e e e eeat e e eeeeee e e e sttt seeeeeseestbaaaaeeeeseessaaannaaeeeseesrsrannaeens 11
C 200 DEFINITIONS .. ettt e ettt e ettt e ettt e ettt e e e et et e e e eata e e e e et e e e e st eeesetanaeeessaneesetanaasstanseeraranaeerernnnss 11
D.  GENERAL ABBREVIATIONSAND SYMBOLS (SAME ASIN DNV-OS-F201)........cccocciiiiieeeeee e, 11
E. DEFINITIONSFOR COMPOSITE RISERS ... .cciiiiititiieieeeeeeeeetitee e e e eeeeeeetttaaeeeeeseeestbaa e eeeeseeessaaaaaaeaeens 12
E 100 ] = T T T S OSRR 12
F. ABBREVIATIONSAND SYMBOLSFOR COMPOSITE RISERS ...uuuiiiiiiiiiitiiiiie et e e e 15
F 100 SYMBOLSAND ABBREVIATIONS. ... iieiiiitiitiieeeeeeeeeettttaeeeeeeseestttaaaseeeeserssssnnnaaaaesesnsssnnaaaaeaserens 15
F 200 PLY AND LAMINATE CO-ORDINATE SYSTEMS ...otttuiiiiieeiiiettitiiaeeeeeeeeeerttniaeeeeeseeesssnnaeeeesesesssnnnn 18
A. General

A 100 Introduction

101 This Recommended Practice (RP) document gives criteria, requirements and guidance on structura
design and andysis of riser systems made of composite materials exposed to static and dynamic loading
for use in the offshore petroleum and natura gas industries.

102 The mgor benefitsin usng this RP comprise:

- providon of riser solutions with consstent safety level based on flexible limit State design principles,
gpplication of safety class methodology linking acceptance criteriato consequence of failure;
provison of state-of-the-art limit sate functions in a Load and Resstance Factor Design (LRFD) format
with reliability-based cdibration of partid safety factors,
guidance and requirements for efficient globa and local andyses and introduction of a conagtent link
between design checks (failure modes), load conditions and load effect assessment in the course of the
globa and locd andyses,
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alowance for the use of innovative techniques and procedures, such as rdiability-based design methods.

The basic design principles and functiona requirements are in compliance with state-of-the-art industry
practice.

A 200 Objectives

201

The main objectives of this RP are to:
provide an international RP of safety for composite risers utilised for drilling, completiory workover,
productionvinjection, or trangportation of hydrocarbons (import/export) in the petroleum and gas
indugtries;
serve as atechnica reference document in contractual matters; and
reflect the state-of-the-art and consensus on accepted industry practice and serve as a RP for riser design
and andyss.

A 300 Scopeand Application

301

302

303

304

305

306

This RP provides the design philosophy, loads and globa andyss aspects vaid for risers made of
composite materials. The RP gppliesto al new built riser syssems and may aso be applied to
modification, operation and upgrading of existing risers.

The risers covered in the RP can be jointed or continuous. Bonded rubber risers and risers with un-
bonded load bearing structures are not included. Applications are production, drilling and injection
risers, as well as choke and kill lines.

Composites are fibre reinforced plastics. The fibres should have a higher modulus than the sourronding
polymeric matrix material. The matrix may be thermoset or thermoplastic.

Compositerisars have typicaly internd and externd liners around the main pipe section. Any materid
may be chosen for the liners, aslong as long term performance of the liners can be demongtrated.
Standards related to chosen liner materia shal be used to document liner performance. Additiona
requirementsto liners and interfaces are given in Section 6.

Composite risers have typicaly metd end flanges. Any materid may be chosen for the flanges, aslong
as long term performance of the liners can be demondtrated. Standards related to chosen flange materia
shdl be used to document performance of the flanges. Additiona requirements to end flanges are given
in Section 6 (composite metal interface).

The scope covers design, materids, fabrication, testing, operation, maintenance and re-assessment of
riser systems. Aspects relating to documentation, verification and quality control are aso addressed.
The main purpose isto cover design and andysis of top tensioned and compliant composite riser
systems operated from floaters and fixed platforms. The RP applies for permanent operation (e.g.
production and export/import of hydrocarbons and injection of fluids), aswell asfor temporary
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operation (e.g. drilling and completion/workover activities).

307 ThisRPisagpplicable to structurd design of al pressure containing components that comprise the riser
system.
Guidance note:
Most composite risers of today consist of metallic or polymeric liners within the composite pipes. The purpose of thelinersisto

prevent leakage of the riser, while the composite pipes are the load carrying part of the riser system. This RP covers risers with (and
without) liners as well asriser connectors and other riser components such as tension joints and stress joints.

- end — of — Guidance — note -

308 Thereare, inprinciple, no limitations regarding floater type, water depth, riser gpplication and
configuration. However, for novel applications where experience is limited, specia atention shdl be
given to identify possble new falure mechanisms, vdidity/adequacy of andyss methodology and new
loads and |oad combinations.

Guidance note:

For application of this RP to new riser types/concepts (e.g. novel hybrid systems, complex riser bundles etc) it shall be documented
that the global 1oad effects can be predicted with same precision as for conventional riser systems. This may typically involve
validation of computational methodology by physical testing.

As an dternative an appropriate conservatism in design should be documented.

- end - of - Guidance - note -

309 Examplesof typicd floater and riser configurations are shown schematicaly in Figure 1-1. Examples of
some typica components/important areasincluded in typicd riser sysems areillugtrated in Figure 1-2.
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Figure 1-1 Examplesof typical riser configurationsand floaters
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Figure1-2 Examples of riser components

A 400 Other Codes

401 This RP should be used in combination with the sandards for dynamic risers and submarine pipeline
systems denoted DNV-OS-F201 and DNV-OS-F101 respectively. This RP shall not be used asa
stand-aone document. The RP is aso related to the offshore standard for compaosite components
denoted DNV-OS-C501. The limit state design checks for this RP and DNV-OS-F201 and DNV-
OS-F101 are amilar, but due to differences in the governing failure modes and prevalling uncertainties
some differencesin safety factors exis.

402 In case of conflict between requirements of this RP and a reference document, the requirements of this
RP shdl prevall.

403 Where reference is made to codes other than DNV documents, the vaid revision shdl be taken asthe
revison that was current at the date of issue of this RP, unless otherwise noted, see B 700.

404 Theframework within DNV Riser gandards and RP sisillugtrated in Figure 1.3.

0SF201 |
Design Criteria | OsFiol l
STEEL Material
Design Philosophy Testing
L oads Installation
/Ana]m\
| RP-F201 | | RP-F202 | | Rules |
TITANIUM COMPOSITE FLEXIBLES
Material Material
Teging L ocal
Design Criteria Design Criteria

Figure1-3 Framework for DNV Riser Standardsand RP's

405 This RP provides specific agpects related to composite risers, including materia description, local
andyds and design criteria. Generd design philosophy, loads and globa andysis aspects vdid for dl
riser materias are covered by the Offshore Standard for Dynamic Risers DNV-OS-F201. The present
RP document subscribes, for consstency, to the safety philosophy and analyses methodology set
forward by this standard.
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A 500 Structureof theRP

501 ThisRPisorganised asfollows

Section 1 contains the objectives and scope of the RP. It further introduces essential concepts, definitions and
abbreviations.

Section 2 contains additions to the fundamental design philosophy and design principlesin DNV-OS-F201.
Section 3 in DNV-OS-F201 contains a classification of loads into pressure loads, functiond |oads and
environmental loads. Important interna pressure definitions are given. This RP contains additional aspects that
should be congdered for composite risers. In particular the description of long term loads and environments.
Section 4 in DNV-OS-F201 contains the framework for global analysis methodology. This RP provides
some additions to the combination of long term loads and concentrates mainly on the local anayss of
composite risers.

Section 5 contains acceptance criteriafor theriser pipefor ULS, SLS, ALSand FLS. Thisincludesa
definition of resistance and load effects and safety factors for explicit limit states. It provideslinksto DNV-
OS-CH01 for specific compodte falure criteria

Section 6 contains the fundamenta functional requirements for connectors and liners. It aso provides test
requirements for these components.

Section 7 contains requirements for materials. They areidentical to the requirementsin DNV-OS-C501.
Section 8 contains requirements for documentation and verification of the riser system. They areidenticd to
the requirementsin DNV-OS-F201.

Section 9 contains basic requirements for operation and in-service operationsin addition to DNV-OS-F201.

502 The close relationship between this RP and DNV-0OS-F201 and DNV-OS-C501 is shown in Figure
1-4.

DET NORSKE VERITAS RISO1 1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 1, Page 9 of 19

Content of DNV-RP-202 Composite Risers
and linksto other DNV standards

DNV-RP-F202 DNV-0S-C501
DNV-OS-F201 Composite Composite
Dynamic Risers Risers Components
1 General 1 Generd
< g
I I
2 Design < > 2 Design
Philosophy Philosophy
I I
3 Loads 3 Design Input i
< > Loads \\ g
I I
4 Analysis < q 4 Anaysis 4 Materials
M ethodology M ethodology
I I
5 Design Criteria < 5 Design Criteria
for Riser Pipes for Riser Pipes [ L 6 Eailure
| | Mechanisms and
6 Connectors < > 6 Connectors Criteria
and Components Liners Joints
I I
7 Materials ’| 7 Materias 10
Component
| ' testing
8 Documentation 8 Documentation !
Verification Verification i
I I
9 Operation, 9 Operation,
Repair, Maint., P Repair, Maint.,
Reassessment Reassessment

Figure 1.4 Relationship between this RP and DNV-0OS-F201 and DNV-OS-C501.
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B. Normative Refer ences

The latest revision of the following documents applies:

B 100 Offshore Service Specifications

DNV-0SS-301

Certification and Verification of Pipelines

B 200 Offshore Standards

DNV-0OS-F101 Submarine Pipeline Systems

DNV-0OS-F201 Dynamic Risers

DNV-0S-C105 Sructural Design of TLPs by the LRFD Method
DNV-0S-C106 Structural Design of Deep Draught Floating Units
DNV-0OS-C501 Composite Components

B 300 Recommended Practices

DNV RP B401 Cathodic Protection Design

DNV RP-C203 Fatigue Strength

DNV RP-F101 Corroded Pipelines

DNV RP-F104 Mechanical Pipeline Couplings

DNV RP-F105 Free Spanning Pipelines

DNV RP-F106 Factory applied Pipeline Coatings for Corrosion Control
DNV RP-F108 Fracture Control for Reeling of Pipelines

DNV RP-F201 Titanium Risers

DNV RP 0501 Erosive Wear in Piping Systems

B 400 Rules

DNV Rulesfor Certification of Flexible Risers and Pipes
DNV Rulesfor Planning and Execution of Marine operations
DNV Rulesfor Classification of Fixed Offshore Installations

B 500 Certification notes and Classification notes
DNV CN 1.2 Conformity Certification Services, Type Approval
DNV CN 1.5 Conformity Certification Services, Approval of Manufacturers, Metallic Materials

DNV CN 7  Ultrasonic Inspection of Weld Connections

DNV CN 30.2 Fatigue Strength Analysis for Mobile Offshore Units
DNV CN 30.4 Foundations

DNV CN 30.5 Environmental Conditions and Environmental Loads
DNV CN 30.6 Sructural Reliability Analysis of Marine Sructures

B 600 Guiddines
DNV Guidelines for Flexible Pipes
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B 700 Other references
BS 7910 Guide on methods for assessing the acceptability of flaws in fusion welded structures
APl RP1111 Design, Construction, Operation, and Maintenance of Offshore Hydrocarbon
Pipelines (Limit Sate Design)
APl RP2RD Design of Risersfor Floating Production Systems (FPSs) and Tension-Leg Platforms
(TLPS)
EUROCODE 3 Design of stedl structures - Part 1.1: General rules and rules for building.
ISO/FDIS 2394 General Principles on Reliability for Sructures
ISO/CD 13628-7 Petroleum and natural gas industries - Design and operation of subsea production
systems - Part 7: Completion/workover riser systems
Guidance note:
The latest revision of the DNV documents may be found in the publication list at the DNV website www.dnv.com.

- end - of - Guidance - note -

C. General Definitions (same asin DNV-OS-F201)

C 100 Verbal forms

101 *“ Shall” : Indicates requirements strictly to be followed in order to conform to this RP and from which
no deviation is permitted.

102 *“ Should” : Indicates that among severd possibilities, one is recommended as particularly suitable,
without mentioning or excluding others, or that a certain course of action is preferred but not necessarily
required. Other possibilities may be applied subject to agreement.

103 “May” : Verbd form used to indicate a course of action permissible within the limits of the RP.

104 "Agreement", "by agreement” : Unless otherwise indicated, this means agreed in writing between
Manufacturer/ Contractor and Purchaser.

C 200 Dé€finitions

201 Thegenerd definitions areidenticd to the onesin DNV-OS-F201.

D. General Abbreviations and Symbols (same asin DNV-OS-F201)

101 The generd abbreviations and symbols are identica to the onesin DNV-OS-F201.

DET NORSKE VERITAS RISO1 1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 1, Page 12 of 19

E. Definitionsfor Composite Risers

E 100 Definitions
101 Angle-ply laminate symmetric laminate, possessing equa plies with positive and negative angles.
102 Anisotropy: materiad properties varying with the orientation or direction of the reference co-ordinate.

103 Characteristic Load: reference value of aload to be used in the determination of the load effects. The
Characterigtic Load is normaly based upon a defined fractile in the upper end of the distribution
function load.

104 Characteristic Resistance: the nomina vaue of the structurdl strength to be used in the determination
of the design strength. The Characterigtic Resistance is normally based upon a defined fractile inthe
lower end of the digtribution function for resstance.

105 Constituent: In genera, an dement of alarger grouping. In advanced composites, the principa
condtituents are the fibres and the matrix.

106 Cross-ply laminate specid laminate that contains only 0 and 90 degree plies
107 Delamination: separation or loss of bonds of plies (the 2-D layers) of materid in alaminate.

108 Environmental conditions: environmenta exposure that may harm or degrade the materid
congdtituents.

109 Environmental loads: loads due to the environment, such as waves, current, wind, ice, earthquakes.
110 Fabric: planar, woven materid congructed by interlacing yarns, fibres or filaments.

111 Failurecriterion: criterion to define or identify when failure has occurred, usualy expressed as an
inequdity in the governing varigbles, e.g. load grester than resstance.

112 Failure mechanism: A mechanism of falure is the underlying phenomenon a the materid leve that
determines the mode of failure. Depending on itsleve of severity amechanism of failure can lead to
various falure. Failure mechanisms are specific to materid type.

113 Failure mode: State of inability to perform anorma function, or an event causing an undesirable or
adverse condition, e.g. violation of functiona requirement, loss of component or system function, or
deterioration of functional capability to such an extent that the safety of the unit, personnd or
environment is sgnificantly reduced.

114 Failuretype: falure types are based on safety margin, intrinsc to a given faillure mechanism. A
digtinction is made between catastrophic and progressive failures, and between failures with or without
reserve capacity during failure.

115 Fibre Reinforced Plastic (FRP): agenerd term polymeric composite reinforced by fibres.
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Fibre: anglefilament, rolled or formed in one direction, and used as the principa condtituent of woven
or non-woven composite materias.

Filament: The smdlest unit of afibrous materia. The basic units formed during drawing and spinning,
which are gathered into strands of fibre. It is a continuous discrete fibre with an effective diameter in the
range of few micrometers depending on the source.

Functional requirement: afunctiond requirement is defined as a requirement that the globa sructure
hesto fulfil.

Glass Fibre Reinforced Plastic (GRP): generd term polymeric composite reinforced by glassfibres.

Homogeneous: Decriptive term for amaterid of uniform composition throughout. A medium thet has
no internd physical boundaries.

I nspection: activities, such as, measuring, examination, testing, gauging one or more characterigtic of a
product or a service, and comparing the results with specified requirements to determine conformity.

I nterface: boundary or transition zone between congtituent materias, such as the fibre/matrix interface,
or the boundary between plies of alaminate or layers of a sandwich structure. Bondary between
different materiasin ajoint. An interface can aso be the area where two components or parts touch
each other.

Lamina: sameasply.
Laminae: Purd of lamina

Laminate Layers of aplies bonded together to form a single structure. Also the processto build a
laminate.

Laminate ply: sameasply.
Layer: A snglelayer of renforcement (see dso definition for ply).

Liner: Thethin wal/pipe (usudly made of metd) that is gpplied within the composite pipe of most
compositerisers. The purpose of the liner isto avoid leakage of theriser.

Local analysis Detalled analyss of parts of the riser system, e.g. critical cross-sections, connectors
and joints. The locd andysis should provide stresses and strains on the ply leve.

Matrix: the cured resin or polymer materid in which the fibre sysem isimbedded in aply or laminate.
MCI: Metd Composite Interface

Monolithic structure: laminate conssting uniquely of composites materias except core materids, aso
cdled angle-skin structure.

Off-axis not coincident with the symmetry axis, dso caled off-angle.
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On-axis coincident with the symmetry axis, aso caled on-angle.
Orthotropic: having three mutualy perpendicular planes of materid symmetry.

Ply: Basic building block of alaminate with orthotropic properties. Reinforcement surrounded by a
matrix. Severd layers of reinforcement may form aply. Severd pliesform alaminate.

Reinforcement: a srong materid embedded into amairix to improve its strength, stiffness and impact
resstance.

Roving: anumber of strands, tows, or ends collected into a pardle bundle with little or no twidt.

Strand: Normadly a untwisted bundle or assembly of continuous filaments used as a unit, including
divers. twos, ends, yarn and so forth, Sometimes asingle filament is caled a strand.

Stacking sequence: A description of the orientation of pliesin alaminate.
Guidance note:

The term stacking sequence is al so often used to describe the order riser joints are mounted to make up an
entireriser. It should be clear from the context which definition isvalid.

End of guidance note

Warp: Thedirection dong which yarn is orientated longitudindly in afabric and perpendicularly to the
fill yamn.

WEeft: Thetransversd threads of fibresin awoven fabric running perpendicular to the warp.
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F. Abbreviations and Symbolsfor Composite Risers

F 100 Symbolsand Abbreviations

Variables
1,2,3 | : ply, laminate, or core loca co-ordinate syslem, 1 being the main direction
a - haf crack length

a . scaar

Aij | : marix A components

[A] | :extendgond diffness matrix
b - width

b’ - horizontal distance between faces NA for boxed beam
C - swelling agent concentration coefficient
COV | : coefficient of varigtion, i.e., sSlandard deviation over mean
d : vertica distance between faces neutra axis (NA)
D : flexurd rigidity
Do | : flexurd rigidity of faces about the NA of the entire sandwich Structure
. corewidth
: expensond grain fidd
- modulus of dadticity
- generd expensond Srain
- correction factor — scalar
: shear modulus
. drain energy release rate
- height of boxed beam
: anisotropy factor
: 2" moment of area
. scalar
. dressintengity factor
- length
: surface mass
: moment
- inplane load
: matrix Q components
- diffness matrix
. reSstance
: shear tiffness, local or globa Structure response
SCF | : stress concentration factor
S, | : matrix S components
[S - transformed compliance matrix
t - thickness
T . transverse load, temperature

]
QD P

w|nClLP|z|Z|3 |- |x|~|-|T|=|o|0|—=|o |m
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U . drain energy
uv,w | : digolacement in (x,y,2)
V : volume fraction
X,y,Z | : globa co-ordinate system
F : failure criteria function
Y  ratio between quantiles in the margind digtributions and extreme-vaue ditributions
a - therma expension coefficient
a - loading mode factor

Variables

: thermd swelling coefficient, or boundary conditions factor

s direct grain, i.e. e; in the main direction

: drainto falure

: drain fidd

: hear Srain

. partid load factors

. partid load and resistance factor

: partia resstance factors

- partia mode factor, res stance component

- partid modd factors, load component

: mean vaue

- Poisson'sratio, i.e. mgor Ny, Minor Ny

: ply angle

. dendty

: direct gress, i.e. s 1 inthe main direction, or andard deviation

. srength, or stressto failure

: dressfidd

. shear dtress, i.e. t1, (Or S 10 SOMEtimes)

§ﬁ§m>m—=gzg‘§?‘£§&?@3m>md

: angular velocity

Table 1-1: Definitions of symbols for variables
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Subscripts
b . bending effects
ben - bending
C : compression
core . core
corrected | : value corrected by using a correction factor
cr : criticd
d : desgn
Delam | : ddlamination
E(n) : time curve
face - face
Fiber : fiber
i . effects due to in-plane Size of sandwich beam
ip . effects due to in-plane Size of sandwich pand
k . Characteridtic vdue
Matrix | : matrix
max - maximum
meas : measured vaue
min : minimum
nom : homind
ply : ply
ref : mean of the measured values
Shear - shear
d : shear-loaded
SLS - saviceability limit Sate
t : tenson
tc - core thickness effects
typ - typicd vdue
ULS - Ultimate limit Seate

Table 1-2: Definitions of subscripts
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Super scripts

B : maximum direct or shear stress in the structure/component
N - direct or shear dress of materid at failure

* . elastic or shear modulus of damaged face or core

n : non-linear

lin : linear

0 s initid

1 find
top - top face

bottom | : bottom face
Table 1-3: Definitions of superscripts

Sub-subscripts

lin | :linear limit
Table 1-4: Definitions of sub-subscripts

F 200 Ply and laminate co-ordinate systems

W

DET NORSKE VERITAS RISO1 1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 1, Page 19 of 19

Figure 1-5: Local Co-ordinate System and Symmetry Planesin an Orthotropic Bi-directional Ply.
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SECTION 2 DESIGN PHILOSOPHY AND DESIGN PRINCIPLES

SECTION 2 DESIGN PHILOSOPHY AND DESIGN PRINCIPLES.......ooovviiiiiiiieiieee e 1
A. (7N = Y T 1
A 100 (O =N =l LV RSP 1
A 200 AAPPLICATION ....ctetttttee e e e e e ettt ee e e e e e e e ettt et e e eeaeeeesasba e e eeeees s s s bbb e eeaeesesstbranneaaaeseresssaanaeaaeees 1
B. GENERAL SAFETY PHILOSOPHY .uuuiieieieeeeetiiee e e e e e e e eetteee e e e e e e e eestataaeeeeeeseeataaaseeeesseeesaaasaeeesseeersrannnns 1
B 100 L= V] = RPN 1
C. DESIGN FORMAT ...ttt e e e e e e e e e et e e e e e e e e e ee s bbb eeeaeeeeeababaa e eaeeeeeessbannaaeaees 2
C 100 GEINERAL ... e eieeetttt ettt e e ettt ettt e e e e e e e et e ettt e eeeeee e e ettt eeaeaseesssbanaaaaeesesssssannnssaaeseeesssssnnnseaaaesnsnnes 2
C 200 Y T E o = N = = TSSO 2
C 300 RELIABILITY BASED DESIGN. .. .cttuiiiiiitiiieeitiieeee et e e ettt e e ettt e e e e et e e e eataeeesstaeeesebanaeeseraaeeserannnns 3
C 400 DESIGNBY TESTING COMBINED WITH ANALY SIS .. .ciiititiiiiiieeeeeeetiiiiee e e e e e eeeertiae e e e e e eeeasnnnaeeeee e 3
A. General

A 100 Objective

101 The purpose of this section isto present the safety philosophy and corresponding limit Sate design
format gpplied in this RP.

102 The design philosophy and design principles are basically the same as stated in the DNV offshore
standard for dynamic risers DNV-OS-F201. This RP refers to this standard and addresses additiona
issues that are relevant for composite risers.

A 200 Application

201 Thissection appliesto dl risersthat are to be built in accordance with this RP.

B. General Safety Philosophy

B 100 General

101 The generd safety philosophy is described in the DNV Offshore Standard for Dynamic (Metdlic)
Risers DNV-OS-F201. It is aso gpplicable for composite risers.

102 Thefollowing issues are addressed in DNV-OS-F201.
o Sdfety objective

o Sygsematic Review

o Fundamenta requirements
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0 Operationa consderations
o Dedgn Principles
o Quality Assurance and Quality System

C. Design Format

C 100 General

101

102

000D

103

The design objective is to keep the failure probability (i.e. probability of exceeding alimit sate) below a
certain value. All aspects described in the DNV Offshore Standard for Dynamic (Metalic) Risers
DNV-0OS-F201 are aso applicable for composite risers.

The following issues are addressed in DNV-OS-F201.

Safety class methodology
Design by LRFD Method
Reliahility based Design
Design by Tegting

Additiona requirements specific for composite risers are given below.

C 200 FailureTypes

201

Compodite materias can fall in different ways than metas. The ssfety factors given in this RP are linked
to fallure types that are moddled by the design criterion. Failur e types are based on the degree of
prewarning intringc to a given faillure mechanism. A distinction is made between catastrophic and
progressive failures, and between failures with or without reserve capacity during fallure. The fallure
types for each failure mechanism described in this RP are specified for each design criterion. The
specification is based on the definitions given below.

Failure type Ductile, corresponds to ductile failure mechanisms with reserve strength capacity. In awider
sensg, it corresponds to progressive non-linear failure mechanisms with reserve capacity during failure.

The design criterion describes the onset of the failure process, eg. it is based on the yield point and not
the ultimate strength, even though it is used to describe tota failure.

202

Failure type Brittle, corresponds to brittle failure mechanisms. In awider sensg, it corresponds to non-
gable failure mechaniams.

The different failure types should be used under the following conditions for materids that show ayield
point:
The falure type ductile may be used if the design criterion is gpplied to the yidd point and:
Sut > 1.2 Syigg aNd €yt > 2 €yigq
where s ; isthe ultimate strength a adrain ey
and S iaq IStheyidld strength at astrain eyiqgq

The failure type ductile may be used if onset of damage is modelled, but extensive damage is needed to
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causefailure, eg. for the onset of matrix cracking, when fallureis related to leakage and only a
substantial number of cracks causes leskage.

In dl other casesthe failure type brittle shal be used.

C 300 Reliability Based Design

301 Asan dternative to design according to the formats specified and used in this RP, arecognised
Structurd Rdiability Analyss (SRA) desgn method may be used. All requirements given in DNV-OS-
F201 shdl be followed.

302 Asfar aspossble, target riability levels shdl be calibrated againgt identical or smilar riser desgns that
are known to have adequate safety based on this RP. If thisis not feasible, the target safety level shdl
be as given in Table 2-1. The vaues are nomind vaues reflecting structura failure due to normd

variability in load and resstance but excluding gross error.

Table2-1: Target annud failure probabilities Per
for ULS, FLSand ALS

Failure consequence
Failuretype
LOW NORMAL HIGH
SAFETY CLASS SAFETY CLASS SAFETY CLASS
Ductile fallure
type (e.g as for P=103 Pe=10* P=10"°
ged)
Brittle fallure
type P-=10"* Pe=10"° P-=10"°
(base case for
composite)

C 400 Dedgn by Testing Combined with Analysis

401 Testing may be performed as described in DNV-OS-F201. Additiona guidance and requirements are
givenin Sections 4, 5 and 6.
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SECTION 3 DESIGN INPUT - LOADS

SECTION 3  DESIGN INPUT = LOA DS ittt s e e e e e e e e e eeeeeeas 1
A. (N 2T 010 o o N 1
B.  PRODUCT SPECIFICATIONS. ...t eieieiiettttaeeeeeeeeeeetttaaeeeeeeseestat s eeeaeseestaraaaeeeseresrtanaaeeeseerssrrnaaaeeeees 2
B 100 GENERAL FUNCTION OR MAIN PURPOSE OF THE RISER ......ccevvvtttiiieeeeeieessiiiieeeeeeseeeesssnnnseeessseennes 2
C. DIVISION OF THE PRODUCT OR STRUCTURE INTO COMPONENTS, PARTSAND DETAILS.........cceeeeeennnn. 2
D. PH A SE S ..ottt ittt ettt ettt eeeeeeeeeeeet et —aeeeeeeeetett————aeeeetetettta—aaaeeateettrtaaaaaaaerrrrres 3
D 100 PH A SE S ..ttt ettt e e et —eaeee et e e———————aeeaeeteeet—————aaaarrerrrr————————_ 3
E.  SAFETY AND SERVICE CLASSES .. .iiiivtttttieieeeeeieeettiiaseeeeestestataseeseesee sttt seeesseesstba s eeeeeseeessraaaseeeses 4
E 100 Y o I O RSP 4
E 200 SERVICE CLASSES ..uuuutieeeiitetttttaaeeeeeeteeettt it aeeeaese e ettt aeaeesessstaannsaeaesessssaannsaaeesesessstsnnsaeeeeennsnes 4
T 0 .Y o 1S SRR 4
F 100 L= T =Y R 4
F 200 THE SUSTAINED LOAD EFFECT ..uuieiiiiiittitiieeeeeeeeeestttuaaeeseessessstnnnsaseeessessssnnnssaeeseessstsnnnaseeeseeeesnes 5
F 300 THE FATIGUE LOAD EFFECT S tuuuuiiieteiitttttiiaeeeeeeseestttanaeeaeeseessttannaaeeessessstannaaaeesesssstsnnaaaeeeseeeesnes 7
G. L NV L0 N Y= N SRR 9
G 100 (= V] = SRR 9
G 200 EFFECTS OF THE ENVIRONMENT ON THE MATERIAL PROPERTIES.......ccctiittitiieieeeeeeeeerniieeeeeeeeeeens 12

A. Introduction

101 The offshore standard DNV-OS-F201 Section 3 contains a classification of loads into pressure loads,
functiond loads and environmentd loads. Important interna pressure definitions are given. All these are
aso reevant for composite risers.

102 ThisRP contains additiona aspects that should be considered for composite risers. In particular the
description of long term loads and environments.
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B. Product specifications

B 100 General Function or main purpose of theriser

101 The generd function or the main purpose of the riser and its main interactions with other components
and the environment shall be specified in the product specifications.

102 Thededgn lifein service should be specified in the product specifications.
Guidance note:
E.g. theriser will work as a production riser for adeep water field of 1500 m for 25 years.

---e-n-d--0-f---G-uH-d-a-n-c-e---n-o-t-e---

C. Division of the product or structureinto components, parts and details

101 Thefollowing levels of divison of the riser (product or structure) are used in this RP:
- Riser (dtructure/ product)

Sub-structure / sub-product

Components

Parts

Detalls

102 Theriser can be divided into sub-products or sub-structures, each of which may belong to different
safety classes.

103 Theriser can be divided into components corresponding to the same Safety Class but may be subject
to different functiona requirements.

104 Each component can be divided into parts and each part into details.

DET NORSKE VERITAS RISO3_1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 3, Page 3of 12

Guidance note:
Structure =riser

Sub-structure = Theriser can be divided into to sub-structures corresponding to different safety classes,
e.g. parts of the riser underneath the platform and parts far away from the platform.

Components = the riser could be constituted of an inner liner, an outer shell and the connectors (flanges).
Theliner’sfunctionisto keep theriser tight, whereas the shell’ s function is to carry the pressure loads.
The two components have different functional requirements. The connector caries all loads and transfers
the loads into the main body of theriser.

Parts and details = Different design approaches and design solutions may be used for the different parts
and details.

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

105 A structure or substructure is an independent part for which a safety class can be defined. Components,

parts and details are part of a structure or substructure. Failure of any of these components, parts or
details shdl be seen in combination with each other.

106 The interfaces between parts, components or structures should be considered carefully. Interfaces shdl

be andysed as a part itsdf if they belong to a continuous structure. If the interfaces are physica
interfaces, the requirements of Section 6 D and F shall be considered.

D. Phases

D 100 Phases

101

102

103

The design life of theriser shall be divided into phases, i.e. well-defined periods within the life span of
the product.

All phases that could have an influence on the design of theriser shall be considered.

As aminimum the congtruction phase and the operation phase shal be considered. However, it may be
convenient to split the design life into more detailed phases as shown below:

Manufacturing
Fabrication / Assembly
Transport
Handling

Storage _

Installation Congtruction
Teding

Commissoning
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Operation
Maintenance Operation
Repair
Retrieva / recirculaion Post-operation.

104 Spooling should be consdered as part of the congtruction phase if relevant for the riser solution.
105 A decommissioning phase may be specified in some cases.

106 The duration of each phase should be specified. Especidly, the lifetime in service shal be specified.

E. Safety and Service Classes

E 100 Safety Classes
101 Theriser can be divided into sub-gtructures, each of which may belong to different safety classes.

102 For each sub-product the Safety Classes, as described in DNV OSF201 Section 2C, shdl be
specified and documented.

103 The safety class of ariser or its sub-structures may change from one phase to another during the life of
theriser.

E 200 Service classes

201 Theriser can be divided into sub-structures, each of which may belong to different service classes.
Guidance note:

Service classes may be used to discriminate between parts of ariser system with different maintenance
requirements. For example, some parts of ariser system, which are less accessible, could be designed for a
lower maintenance frequency.

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

F. Loads

F100 Genera

101 Loadsfor composite risers are the same as specified in DNV offshore standard DNV-OS-F201
Dynamic Risers. Loads and deformations are categorised into four groups:

pressure (P) loads
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functiond (F) loads
environmentd (E) loads
accidental (A) loads

102 All the load cases shdl be described separately for each phase during the design life of the structure.

103 Long term loads need specia considerations as described below.

F 200 Thesustained load effect

201 The sustained load effect vaue should be used for the determination of time-dependent materid
properties as described in DNV-OS-C501 Section 4.

Guidance note:

In general, it would be very conservative to determine the time dependent degradation of material properties
under long-term loads by using the characteristic load effect value (i.e. extreme load effect value). The
sustained value is defined in this RP as akind of average load effect value over the lifetime of the product.

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

202 Sudtained load vaues are defined over an observation period, which can correspond to the entire
design life of theriser or to apart of that design life. This observation period should be divided into
svead timeintervds. Time intervas should not be chosen shorter than 1 hour. The maximum length of a
timeinterval depends on the load variations. Variaions in magnitude of the load within atime interva
shdl not be larger than hdf the absolute load amplitude during the total observation period.

203 Load effects are divided, according to their variation with time, into:

- permanent |load effects, effectswhich are likely to act or be sustained throughout the design life and for
which variations in magnitude with time are negligible relative to their mean vaues; or load effects which
are monotonicdly in- or decreasing until they atain some limiting vaues.
variable |oad effects, effects which are unlikely to act throughout the specified design life or whose
variationsin magnitude with time are random rather than monatonic and not negligible reative to therr
mean vaues.

204 The sustained vaue of permanent load effects shdl correspond to their characteritic vaue, the 99%
quantile in the digtribution of the annual extreme vaue.

205 The sustained vaue of variable load effects is defined as the mean vdue of the effects over thetime
interva. The sustained value S; during the time intervd t, is determined such that the corresponding total
duration above S;isaportion m= 0,5 of the exposure period ts. See Figure 3-1:

[¢]
at £mt,
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Load effect S
A

Sustained
value S,

t

A

» time

Figure 3-1: Sustained value of a variable load effect

exposure period t,

206 The sustained value of the stress or drain fluctuations (load effect fluctuations) shal be specified within
each observation period for each time intervas. Basicdly atable of the following form should be

established.

Table 1-3: Sustained vaues

Exposure time (duretion) Sudained vaue

ts S
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207 Thesudtained vaue of aload effect over an observation period may conservatively be chosen asthe
maximum vaue of that load effect during the observation period.

208 The sugtained conditions should be considered for failure mechanisms or materia property changes
governed or influenced by long-term load effects.

Guidance note:
For example, the sustained load effect value shall be used for the calculation of creep and for stress rupture.
---e-n-g---0-f---G-u4i-d-a-n-c-e---n-o-t-e---

Examples of division into time intervals and definition of the sustained values S for different load effect cases
are shown on the figure below:

S S
A A
Ss Ssl
S, _
> ¢ > ¢
S S
A A
S S AN /\/\ AWAN
Sl s 1v\) AU v, V/\/\
SSZ
t > ¢
Ssl
t
SSZ

t1 t2

F 300 Thefatigueload effects

301 All load effect fluctuations, e.g. stress or strain fluctuations, imposed during the entire design life, shdl be
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taken into account when determining the long-term distribution of stress or strain ranges. All phases
shdl beincuded and both low-cycle fatigue and high-cycle fatigue shdl be consdered.

302 Fatigue may be andysed for load effectsin terms of ether Stress or strain. Strain is preferred for
compodte laminates.

303 The characterigtic didtribution of load effect amplitudes should be taken as the expected distribution of
amplitudes determined from available data representative for dl rdevant loads. Thisisalong-term
distribution with atotal number of stress/strain cycles equd to the expected number of stress/'strain
cycles over areference period such as the design life of the structure.

304 For fatigue andyss the mean and amplitude of the stress or strain fluctuations shal be specified.
Bagcaly atadle of the following form should be established.

Number of cycles | Meanload | Amplitude
N S A
Table 3-2: Definition of fatigue loads

As an dternative to the representation in Table 2, the fatigue loads can be represented on matrix form
with one row for each mean strain, one column for each strain amplitude, and number of cycles asthe
entry of each matrix dement as shown in the Figure below.

Strain amplitude

(col. j)

Mean strain

(row i)

2

Matrix representation of rain-flow counted strain amplitude distribution.
Guidance note:

- The history of mean and amplitude of stress should be established on discretised form by arainflow
analysis

- A minimum resolution of the discretisation of stresses has to be defined before the stress history is
established

- Note that for the fatigue analysis the history of mean stress/strain and amplitude is needed. In a non-linear
analysis, the mean may shift relative to the amplitude during the transfer from applied load to |oad response.

- If the time duration of some cyclesislong or if the mean valueis applied over along time, these |oads may
have to be considered for sustained load cases (stress rupture) as well.

- Degradation is anon-linear, history-dependent process. If different load and environmental conditions can
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cause different degradation histories, all relevant load combinations shall be considered.
---e-n-gd---0-f---G-u4i-d-a-n-c-e---n-o-t-e---

305 Based on the materid properties, in particular the SN curve and the magnitude of its dope parameter, it
shdl be assessed whether the bulk of the fatigue damage will be caused by severd thousand or more
sress cycles from the characteristic stress distribution, or if it will be caused by only one or avery few
extreme gtress amplitudes from this digtribution. In the former case, the naturd variability in the
individua stress amplitudes can be disregarded asiits effect on the cumulative damage will average out,
and the partid load factor can be set equa to 1.0. In the latter case, the naturd variability in the few
governing extreme stress amplitudes cannot be disregarded and needs to be accounted for by a partia
load factor greater than 1.0. If no detailed andlysis of the load factor can be made, the same factors as
those given for satic loads shal be used.

G. Environment

G 100 General
101 Theterm environment designates in this RP the surroundings that impose no direct load on the product.

102 The environment may impose indirect loads on the structure, e.g. thermd stresses or swelling due to
moisture uptake. This should be considered as aload effect and should be caculated according to the
relevant parts of Section 4. However, the environment is generdly considered for its effect on the
degradation of materid strength or change of elagtic properties.

103 The following aspects should be consdered when evauating the effect of the environment on loca
volume dementsin a structure:
Direct exposure
Possible exposure if protective system fails
Exposure after time
Exposure after diffuson through a protective layer
Exposure after accident
Exposure after degradation of a barrier material, or any materia
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NATURAL

Temperature internal and externa

Temperaure variations

Temperature gradients

UV radiation (if above the water line)

Moigure

Sea water

Animals (e.g. shark bites)

FUNCTIONAL

Transported or contained fluids and chemicals

Temperature internal and externd

Pressure internd and externa

Oil spill

Cleaning materids

Paint solvants

Accidental chemicds

Fire

Process gas leaks

Service induced shocks

Accidental high pressure steam

---e-n-g---0-f---G-uH-d-a-n-c-e---n-o-t-e---

104 Thetime higtory of dl quantities that characterise environmental conditions (e.g. temperature, humidity)

should be documented for each phase during the design life of the structure.

105 Thetime higory of dl environments should be documented for the entire life of the product. Time
histories and characteristic vaues should be established according to the same principles as described
for loadsin Section 4B.

106 Different environmenta values are defined in this RP;

the characterigtic value
the sugtained vdue
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The definition of the different load values is summarised in the table below. The detailed definition presented
in the relevant chapters shall be used.

Designation

Definition

To be used for

Characteristic value

Extreme value with return period of 100
years

Check of Ultimate Limit States

Sustained value

Average value over along period

Long-term degradation of material

properties

Fatigue value

Only for loads

Accidental value

Same as characteristic value

For example: when considering temperature as an environment, the following values can be defined:

- Sustained environmental val ue corresponding to the average temperature

- Extreme environmental val ue corresponding to the maximum temperature

- Accidental environmental value corresponding to afire situation

- Fatigue environmental values corresponding temperature fluctuations imposing thermal stress fluctuations

in the material

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

107 The notion of fatigue vaue for the environment is not consdered in this chapter. If the environment
impose indirect fatigue loads on the structure, e.g. cyclic thermal stresses, these |oads should be
considered according to Section 4B.

108

Different types of loads and environment shal be combined. Depending on which load and environment
vaues are combined, different load and environmental conditions are defined. These different load and
environmenta conditions define the different design cases to be consdered. These design cases are
described in Section 4 B.
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G 200 Effectsof the environment on the material properties

201 All possble changes of materid properties due to the effect of the environment should be consdered.
Guidancenote:
The following interactions should be considered:
- Temperature: variation of the mechanical properties (stiffness, strength...)
- Exposure to water (salinity / corrosion, marine fouling...)
- Exposure to humidity
- Exposure to chemicals
-Exposureto UV
- Exposure to other radiation
- Erosion

---e-n-gd---0-f---G-u4i-d-a-n-c-e---n-o-t-e---

202 The degradation of materia properties caused by environmenta conditionsis described in DNV-OS-
C501 Section 4.
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SECTION4 ANALYSISMETHODOLOGY
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A. General

A 100 Objective
101 The purpose of this section isto provide an overview of the analyss methodology for composite risers.
102 Global analysis should be performed as described in the standard for dynamic risers DNV-OS-F201.

103 Thegloba andysis should be used to obtain loca |oads, moments and pressures. These local effects
are used asinput to check the limit states locally. Two methods may be used, as described in C.

104 All phasesidentified in Section 3D shal be analysed.

B. Combination of load effects and environment

B 100 General

101 Thefundamenta approach to combine load effectsis the same as described in DNV-OS-F201
Dynamic risers.

102 Combined loading in DNV-OS-F201 is described for acceptance criteria that can be used directly with
respect to applied forces and moments. If such acceptance criteria can be found (see 500) the same
methods as in DNV-OS-F201 can be used. Otherwise the procedures described in B300 should be
used.

103 If theloca load effect islinearly proportiona to the actua load, loads may be combined directly instead
of combining load effects. Reference is also made to DNV-OS-F201 Appendix C on how to combine
loads for nonlinear systems.

B 200 Fundamentals

201 The combination and severity of load effects and/or environmenta conditions should be determined
taking into account the probability of their smultaneous occurrence.

Guidance note:

For example, a severe wave climate producing alarge wave load is usually accompanied by a severe vessel
offset producing large axial |oads or bending moments.

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

202 Load effects and/or environmenta conditions, which are mutualy exclusive, should not enter together
into acombination, e.g. ice load effects and wave load effectsin ariser environment.

203 All directions of load effects are to be taken as equaly probable, unless data clearly show that the
probability of occurrence is different in different directions, or unless load effectsin a particular direction
is particularly critical.
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204 Permanent load effects and permanent environmental conditions shal be taken into congderation in dl
combinations of load effects and environmenta conditions. When combined with other load effects or
environmenta conditions, thair characteristic vaues shdl be included in the combination.

205 Thefollowing load effect and environmental conditions are defined in this RP

Load effects and environmenta conditions for ultimate limit date
Load effects and environmental conditions for time-dependent materia properties
Load effects and environmentd conditions for fatigue anayss

206 The Table 4-1summarises the load and environmenta conditions that should be consdered for the
determination of the time-dependent materid properties and those that should be used for the design
checks a various times during the life of the product.

L oads
Characteristic value Sustained value Fatigue value
Characteristic value ULS check ULS check
Fully correlated only Not fully correlated
Environment See B302 See 306
Sustained value ULS check Material degradation Fatigue analysis
Not fully correlated See B400 See B500
See B306
Table 4-1: Combinations of load and environmental conditions to be considered for the determination of material degradation and for
design checks.

B 300 Load effect and environmental conditions for ultimate limit sate

301 At any time during the design life of the structure it should be documented that the structure can fulfil its
functiona requirementsfor:

All characteridtic load effect vaues combined with al sustained environmentd vaues
All sustained load effect vaues combined with dl characteritic environmentd vaues

302 When environment and load effect are fully-correlated, their characteristic vaues shdl be combined.

303 The combination of characterigtic load effects and environment should be determined such that the
combined characterigtic effect has areturn-period of 100 years.

Guidance note:

A method to determine the 100-years combined effect of several load effects and environmentsis described in
this chapter. It is based on the so-called Turkstra’ srule.

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

304 When severd stochadtic load effect and/or environmental conditions occur Smultaneoudy, the extreme
combined effects of the associated stochastic processes are required for design againgt the ultimate limit
state. Each processis characterised by a characteristic value. The characteristic values are to be
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factored and combined to produce a design effect. For this purpose, a (limited) number of possible load
effect and/or environmenta condition combinations are considered. The most unfavourable combination
among these shdl be found and will govern the design.

The most unfavourable relevant combinations shdl be defined for every point in time during the design
life.

Guidance note:

In most cases the most unfavourabl e relevant combinations are the same over the entire design life. However,
in some cases conditions may change with time, which may in turn cause changes in the relevant
combinations.

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

The format of this RP for the combination of two or more independent random load effect processesis
based on Turkgtra srule. The rule states that the maximum value of the sum of two independent
processes occurs when one of the processes has its maximum value.

The design load effect corresponding to the combination of two independent |oad effect processes A
and B should be determined as

s = 19750 +97.80.Y°
g = Jg-MaX]| AGAY A 4qB B €)
19k S - gF'SK

Where:

S Desgn load effect

Osd Load effect modd factor

S%  Characteristic vaue of load effect A

d*s  Patid load effect factor for load effect A

Y  Load effect combination factor for load effect A
S’ Characteristic value of load effect B

o’  Patid load effect factor for load effect B

YB  Load effect combination factor for load effect B
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308 Thedesgn load effect corresponding to the combination of anumber of N independent load effect
processes should be determined by the maximum of the following N combinations:

N

€ i i S i civi
Sy T0s-MaX@L.§ +a 9 S

@
= e ]

[ ] e Y @l

Where:
S Desgn load effect

Osd Load effect model factor

Sk Characterigtic value of load effect i

dr Partid load effect factor for load effect i
Y'  Combination factor for load effect i
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The load effect combination factor Y = 0.7 should be used for independent |oad effect processes,
unless a detailed probabilistic analyss can judtify a different vaue. For permanent load effects and
permanent environmenta conditionsY =1.0.

Some load effect processes are correlated such that the vaue of the one load effect process to some
degree depends on the smultaneous value of the other load effect process. The combination rule for
design load effects quoted in clause 306 for independent load effect processes can be extended to be
used aso for correlated |oad effect processes. When applied to combination of correlated load effect
processes, different (usualy higher) values of the combination factorsY apply, depending on the degree
of corrdation.

The load effect combination factor Y = 1,0 shdl be used for corrdated |oads, unless a detailed
analysis can show that the load effects are correlated in a different way.

Guidance note:
For example:
- Water level (height) and pressure |oad effect are fully correlated processes

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

B 400 L oad effect and environmental conditionsfor time-dependent material properties

401

The sustained load effect values or the fatigue load effect vaues (when relevant) and the sustained
environmenta vaues should be used for the determination of time-dependent materid properties as
specified in Section 3 F-200.

B 500 L oad effect and environmental conditionsfor fatigue analysis

501

Thefatigue load effects should be combined with the sustained environmenta values for the fatigue
andyss as specified in Section 3 F-300.

B 600 Direct combination of loads and moments

601

602

The combination of load effects and environments as described above should be used to obtain the load
effects, i.e, loca stresses and strains.

If transfer functions and structural analysis are linear, |oads or moments can be combined by the
procedures given above instead of the load effects.

DET NORSKE VERITAS RIS04 1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 4, Page 8 of 28

C. Analysis Procedure for Composite Risers

C 100 Genera

101

102

103

104

105

The global andlysis of the riser system can be performed the same way as described in DNV-OS-
F201. Detailed loca analysis should be applied for connectorg/joints and other critical parts of the riser
sysem.

Risers made of composites possess a more complex behaviour due to the fact that the devel opment of
failure in composite maerids usualy involves a sequence of failure mechaniams (e.g. matrix cracking,
delamination and fibre failure), each of which leadsto local change of materid properties.

Due to the large number of failure mechanisms and the fact that locd effects are crucid for most failure
modes related to composite structures, it is extremely difficult to establish andytical acceptance criteria
on aglobd leve for dl falure modes. Therefore, locd andysis should be extensively used in the
evauation of failuresfor composterisers. A method to obtain globa acceptance criteria by numerica
andydsisgivenin C300.

The development of loca failure mechanisms, with corresponding loca degradation of materid
properties, may result in decreased values for the globa tiffness parameters. This may affect the overal
globa behaviour (e.g. disolacements, bending moments and effective tension) of the riser systlem. Thus,
the parameters that serve as boundary conditions for the loca andysis may be modified.

In the following two andlysis procedures for composite riser systems are recommended. The principa
difference between the methods isthe level on which the failure criteria (or limit sates) are evauated.
Another obvious difference, which follows from the prior, is the order in which the globa and loca
andysisis conducted. Other andysis procedures may be found in DNV-OS-C502 Section 9.

C 200 Global - Local Procedure

201

202

203

204

In order to evauate the limit states one first performs globa andysis of the entire riser system. The
resulting globd load effects (e.g. effective tenson, bending moment and internd or externa
overpressure) serve as boundary conditions for the forthcoming loca andysis.

Based on the load effects from the globd andyss, locd analyss, which leadsto locd load effects
(stresses and gtrains), is now conducted.

Thelocd load effects resulting from the locd andysis are findly applied in the local acceptance criteria
(or failure criteria) in order to detect possible failure mechanisms of the riser components.

If the local investigations are performed by progressive failure andysis (E300) it is possible to detect a
sequence of (acceptable) failure mechanisms that may happen prior to the final (unacceptable) failure
mechanism (often fibre failure). Let us assume that the local analys's predicts the presence of matrix
cracking somewhere in the riser (and that matrix cracking is accepted), which in turn leads to reduced
riser diffness. Thisloca reduction of stiffness may influence the overd| behaviour of the riser system.
Therefore, in certain cases it may be necessary to repeat the globa analyss (with degraded materid
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properties where relevant). Then, the presence of additiond failure mechanisms should be investigated
through anew loca andyss. This iterative procedure (between globd andys's (with degraded materia
properties) and detailed locd failure analysis) should be performed until no new falure mechanism is
observed (acceptable design) or until acrucid failure mechanism is predicted (unacceptable design).

Guidance note:

The change of axial stiffness dueto local degradation mechanismsis usually small and does not influence the

global loads on the riser system. In such cases, the global (static and dynamic) analysis does not need to be

repeated although the local analysis demonstrates that (acceptable) failure mechanisms occur.
---e-n-d---o-f---g-u-i-d-a-n-c-e---n-o-t-e---

C 300 Global Procedurewith Global FailureCriteria

301

302

303

304

305

Asan dternative to the global —loca procedure presented in C200, a procedure may be used that
requires extengve loca anadyssto be conducted prior to the globd falure andyss. Thelocd andysisis
used to establish globd falure criteriathat can be used in subsequent globd anayss.

A riser sysemisardatively smple structure on agloba scae. Usudly, theriser pipes contain alarge

number of identica pieces of composite pipesthat are dl connected with the same type of connectors
or joints. In other applications continuous riser pipes, with congtant properties adong the pipe, may be
used. In dl these Stuations, the following procedure for evauation of failure may be advantageous.

Prior to the globa andysis of the riser system, globd limit states (on the form g = 1) are established
by performing locdl failure andyss (of the pipes as wel as the connectorg/joints) for alarge number of
combinations of globa |oad effects (bending moments, effective tenson and internd or externd
overpressure). The globa limit states are represented as surfaces in a space/coordinate system with
bending moments, effective tenson and interna/externd overpressure dong the axes. The surfaces are
obtained by interpolating a collection of points (load cases) from the locd andysis that satisfies g = 1.
Such globd limit states may be established for severd kinds of (local) failure mechanisms.

After theseinitid locd investigations, the rest of the riser andys's may be performed on aglobd levd.

If theinitia loca investigations are conducted by progressve failure anadysis (E300) globd limit dates
may be established for awide range of (locd) faillure mechanisms. In thisway, an iterative procedure
may be adopted. In thefirst step (after having established the limit states) globa analyssis performed
with initia (non-degraded) stiffness properties. Let us assume that alimit Sate (corresponding to a non-
crucid failure mechanism) is exceeded in certain globa dements. Then the stiffness propertiesin those
elements should be reduced (according to the observed local failure mechaniam) and the globd andyss
should be repested. This iteration should continue until no new limit state is exceeded (acceptable
design) or until acrucid limit sate is exceeded (unacceptable design).

Guidance note:

The change of axial stiffness dueto local degradation mechanismsis usually small and does not influence the

global loads on theriser system. In such cases, the global (static and dynamic) analysis does not need to be

repeated although the local analysis demonstrates that (acceptable) failure mechanisms occur.
---e-n-d---o-f---g-u-i-d-a-n-c-e---n-o-t-e---
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Guidance note:
Example of aglobal failure criterion
The global failure criterion should be established for asmall section of the riser that repeatsitself along the
length of the string. Typically such a section could be ariser joint of about 15m length consisting of a pipe
section with two end fittings. A joint could also be modeled by establishing two separate global failure
criteria, onefor the pipe section and one for the joint. For along continuous riser aglobal failure criterion
would typically only be established for the pipe section. The two joints would be investigated individually.
Typically asection is analysed for the following loads:

Pressure P

Axid Load A

Moment M

Torsion T

The loads and ariser section are shown schematically in Figure 4-1.

Figure4-1: General loading conditionsfor ariser pipe

The axial load can be defined as effective axial load, i.e., the axial load without the axial end cap |oad caused
by the pressure, or it can be defined as the absol ute axial load. Which choice is made is a matter of
convenience, but it isimportant to use a consistent approach. Torsion can often be neglected for metal risers.
However, even small torsional loads may cause damage in a composite riser, depending on the particular
layup and joint geometry.

The selected section of the riser should now be analyzed for all possible combinationsof P, A, M and T.

For each combination a stress analysis of the section is carried out and all relevant failure criteria are checked
at all places of the section. Therelevant failure criteriaare at least fibre failure and buckling, but other criteria
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like matrix cracking may have to be considered. Which criteria should be considered is described in Section 5.

Onceall combinations of P, A, M and T have been analyzed afour dimensional failure envelope can be
defined for that section of theriser.

To make the example more specific, just ariser pipe section is described in the following part. The same type
of arguments can also be used for joints or a combined pipe-joint analysis. The laminate of the pipe has a 0/90
orientation with the same number of fibres running in the hoop direction asin the axial direction.

A typical failure envelope for such alaminate is shown in Figure 4-2.

\

S axial

\

(o

Figure4-2: Simple schematic of afailure envelope of a0/90 laminate.

If the pipeis put under internal pressure, the fibresin the hoop direction see twice as much stress as the
fibresin the axial direction (since we have the same number of fibres running in both directions). The burst
pressure will be related to the maximum stress the fibres can take in the hoop direction, provided the laminate
isthin and we have the same stress in the hoop fibres through the thickness (a condition that is often NOT
fulfilled for compositerisers). The calculation gives point P1 in the global failure envelope on the pressure
axis. Thisisshown in Figure 4-3 for atwo dimensional P vs. A failure criterion.
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pressure

hoop fibre failure axial fibre failure
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laminate buckling

Figure4-3: Global failure envolope for pressue and axial force.

If theriser is exposed to additional effective axial loads the stresses in the axial fibreswill increase. The
strength of the axial fibres has to be large enough to carry the applied axial load plus the end cap load from
the pressure. This gives points P2 and P3 in the global failure criterion. P2 describes the maximum axial load
under maximum pressure. P3 the maximum axial load without internal pressure. Ignoring Poisson’s effects and
interactions between the fibres, the failure envelopeis given by lines between P1, P2 and P3.

Under external pressure, collapseis defined by abuckling criterion. The collapse pressure is shown as P4. If
we assume that the collapse pressure is not effected by an axial load, P5 indicates the maximum external
pressure and maximum axial load combination.

Many risers are not exposed to compressive axial loads and the failure envelope is not expanded into that
direction in this example.

If the riser seestorsion, the fibres of the 0/90 laminate will not be stressed. Torsional load must be carried by
the matrix. Thetorsinal load isthen proportional to the in-plane shear strength of the matrix. Figure 4-4 shows
thisin the global P-A-T failure envelope.
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pressure

hoop fibre fail urg

torsion”

laminate buckling

Figure 4-4: Global failure envolope for pressue, axial force and torsion

The effect of amoment can be added in asimilar way. Note that the moment puts the highest stressesinto
the upper fibres and possibly compressive stresses into the lower fibres. In addition, in plane shear stresses
are highest in the middle. These shear stresses may cause unacceptable matrix shear failure.

In reality, the failure envel opes tend to be more complicated, because fibre orientations are more complicated,
three dimension stresses should be considered, and in particular the composite metal interface may behave
totally differently from the simple pipe. The intention of this example was just to show the principle of the
development of aglobal failure envelope.

End of guidance note

C 400 Fatigueand Longterm Analysisfor Composite Risers

401

402

403

The effect of cyclic loads and permanent static loads should be evauated for composite risers.

The presence of creep, stress relaxation and stress rupture-stress relaxation in composite structures
depends on the level of stresses and/or strains and the condition of the congtituent materids (intact,
presence of cracks or other failures). Permanent Static |oad effects should be analysed as described in 3
K 100.

Development of fatigue failure depends on the strain amplitudes and mean levels during eech cycdle, as
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well asthe total number of cycles. Loads should be analysed as described in 3K200.

404 The effect of long term loads and environments on the materia properties should be consdered in the
andyss.

D. Local Analysis

D 100 Genera

101 Inthefollowing two loca anayss methods are outlined. More details about the methods and other
applicable procedures may be found in the DNV Offshore standard OS-C-501 Composite
Components.

102 High pressure risers have generdly thick shellsand a 3D analysisis required. The region at and near the
jointsdso requires a 3D andysis. If a2D anaysisisused it shal be shown that through thickness
stresses can be neglected.

D 200 Input Data

201 The boundary conditions should be sdlected carefully in order to represent the nature of the problemin
the best possible way. It should be demonstrated that the chosen boundary conditionslead to aredistic
or conservative andysis of the structure.

202 Thermd stressesthat result from production process or in service loading should be considered in dll
andyss.

203 Stresses due to swelling from absorbed fluids should be included if relevarnt.

204 The dadtic properties of the materias congtituting the structure should be taken as described in DNV-
0OS-501 Section 4. In particular, time-dependent stiffness properties based on the expected
degradation due to environmenta and loading conditions should be consdered. Loca variations of
these conditions should aso be considered.
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Laminates should be analysed on the ply level. Each ply should be described by 4 eastic congtants (E,
E;, Gz, Nyp) for in-plane 2-D andyss and by 9 dagtic congants (E;, B, Giz, N1z, B3, Giz, Gos, N13,
N2s) in 3-D andysis. A nomenclature for the various agtic constantsis defined in Section 1.

As an dternative to eastic congants, the stiffness matrix for orthotropic plies may be used.

It should be shown that the estimated stiffness gives conservative results with respect to load effects.
The choice of giffness vaues may be different in the cases of strength and tiffnesslimited desgn. More
detals are given in the sections below.

If fibres are not oriented in the principle stress directions they want to rotate into these directions. This
rotation is usualy prevented by the matrix. If the matrix cracks or yields, the fibres may be free to rotate
dightly. Thisrotation is usualy not modeled. However one should check that ply stresses transverse to
the fibres and ply shear stresses are low in a ply with degraded matrix. Otherwise areanalysswith
rotated fibre directions may be required.

Guidance note:
Therotation of fibres may, for example, beimportant in filiament wound pipe designed for carrying just
internal pressure. In this case the fibre orientation is typically about +55°. If the pipe experiences a strong

axial load in addition to pressure, the fibres want to orient themselves more into the axial direction.

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

D 300 AnalysisTypes

301

302

303

Andytica and/or numerica caculaions may be used in the structural analysis. The finite dement (FE)
method is presently the most commonly used numerica method for structurd andysis, but other
methods, such asfinite difference or finite series methods may aso be applied.

Guidance note:

While the FE method is applicable for awide range of problems, analytical solutions and the finite series
approach often put too many restrictions on laminate lay-up, geometry etc., and are thus insufficient in the
design of most real world composite structures.

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

Laminate analyssis an additiond type of andysisthat is gpplied to layered composites in order to
derive the properties of alaminate from the properties of its congtituent plies.

The structurd andyss should be performed for dl phases over the entire lifetime of the structure. Initid
and degraded materia properties should be considered if relevant.

D 400 Local Linear Analysiswith Degraded Properties

401

In many riser gpplications (for example risers with liners) severa failure mechanisms (e.g. matrix
cracking) may be accepted, while fibre failure is the mechanism of interest. Thelocd andyss of such
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risers may be performed by this linear procedure with degraded properties. In certain applications
presence of matrix cracking in the riser pipe may be acceptable (e.g. for riserswith aliner). Assume
that fibre failure is the only failure mechanism of interest. Then the riser may be andysed with the
assumption that matrix cracking has dready occurred throughout the riser. This means that the riser may
be modeled with reduced stiffness for al riser dements. In most casesthisis a conservative (with
respect to loca and/or global load effects) smplification. However, in certain displacement controlled
problems (for example if the displacement of the top of theriser is dictated by prescribed movement of
the platform) the amplification may be non-consarvative. This effect should be carefully investigated
when relevant.

The method may be applied for both 2-D and 3-D problems.

Due to the assumption of matrix cracking in the component the materia properties are degraded in the
entire domain by setting certain dadticity parametersto zero (default vaue). That is, for in-plane 2-D
analyssthe stiffness in the fibre direction (of each “ply”) is kept unatered, while the rest of the
properties are assumed to be changed according to DNV-OS-501 Section 4. If 3-D andyssis
required, the in-plane parameters are dedlt with asin the 2-D andysis, while dl through thickness
parameters are changed if through thickness stresses cause matrix cracking or nonlinear deformation of
the matrix.

This method should be mainly used for Saticaly determined problems, asisthe case for ariser pipe.
Otherwise this smplified method, with degradation of materid propertiesin the entire domain, may offer
consderably incorrect stress/'strain didtributions. If the error cannot be analysed and included into the
modd factor a more refined method shal be used.

D 500 Local Progressive Analysis

501

502

503

504

505

Local progressive analysis, which is presented herein, provides more accurate results than obtained by
the amplified method presented in D400. Instead of degrading dmost dl parametersin the entire
domain, this method is based on a step-wise degradation of alimited number of parametersin bounded
regions.

All kinds of locd failure mechanisms may be detected by the method.
The method may be applied for both 2-D and 3-D problems.
Initidly, non-degraded ply properties shal be used in the progressve failure anaysis.

The boundary conditions (load effects from the globa anayss) for the component are imposed in a
step-wise manner. In the first step asmal portion, e.g. 10 percent, of the load is applied. Based on this
load leve, laminate and ply stresses and strains are caculated and andlysed by the rdevant fallure
criteria (for each ply). If afalureis detected somewhere in aply, certain materiad properties of that ply
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shall be locally degraded, which means that the parameters shal be reduced in locations (e.g. finite
elements) where the failure is detected. Then, the locd andysis shdl be repeated with locdly degraded
parameters for the same load level. If no failure is observed, the load isincreased to, eg., 0.2 times
load and asmilar falure andydgsis performed.

506 When the analysisfindsthat the matrix is cracked, the properties should be changed according to DNV-
0OS501 Section 41.

507 The gep-wiseincreasein loads asindicated in 505 continuous until acritica fallure mechaniam s
observed (unacceptable design) or until the entire load is gpplied and no critica failure mechanism
detected (acceptable design).

E. Analytical Methods

E 100 Genera

101 Andyticd methods can be divided into two classes: Andyticd solutions of (differentid) equations or use
of handbook formulae.

E 200 Assumptionsand Limitations

201 Andytica methods shdl not be used outsde their assumptions and limitations.
Guidance note:
The main disadvantage of available analytical solutionsisthat simplifications often put too many restrictions
on geometry, laminate build-up etc. and hence, are insufficient in the design of more complex composite
structures.

Handbook formulae are usually too simple to cover all the design issues and are also in general not sufficient.

Simplified isotropic cal culation methods should not be used, unless it can be demonstrated that these
methods give valid results.

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

E 300 LinktoNumerical Methods

301 Andytica solutions or handbook formulae used within their assumptions and limitations may be used to
vdidate finite dement andyssreaults.
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F. Finite Element Analysis

F 100 Genera

101 Only recognised FE programs should be used. Other programs shdl be verified by comparison with
andytica solutions of relevant problems, recognised FE codes and/or experimenta testing.

F200 Modelingof Structures— General
201 Element types shdl be chosen on the basis of the physics of the problem

202 The choice of the mesh should be based on a systematic iterative process, which includes mesh
refinements in areas with large stress/'strain gradients.

203 Problems of moderate or large complexity shal be andysed in a stepwise way, sarting with asmplified
modd.

204 Modd behaviour shal be checked againgt behaviour of the structure. The following modelling aspects
shdl be trested carefully:
loads,
boundary conditions,
important and unimportant actions,
datic, quas-gtatic or dynamic problem,
damping,
possibility of buckling,
isotropic or anisotropic materid,
temperature or strain rate dependent materia properties,
plagtic flow,
nonlinearities (due to geometrica and materid properties),
membrane effects.
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Stresses and strains may be evauated in nodal points or Gauss points. Gauss point evauation is
generdly most accurate, in particular for layered composites, in which the ditribution of stressesis
discontinuous, and should therefore be applied when possible.

Guidance note:

The analyst shall beware that Gauss point results are calculated in local (element or ply based) coordinates
and must be transformed (which is automatically performed in most FE codes) in order to represent global
results. Thus, Gauss point evaluation is more time-consuming than nodal point calculations.

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

Support conditions shal be trested with care. Apparently minor changes in support can substantially
affect results. In FE modds, supports are typically idealised as completely rigid, or asidedly hinged,
whereas actud supports often lie somewhere in between. In-plane restraints shal aso be carefully
treated.

Joints shdl be moddled carefully. Joints may have less stiffness than inherited in asmple modd, which
may lead to incorrect predictions of globa modd giffness. Individua modelling of jointsis usudly not
goppropriate unless the joint itsdlf is the object of the study. See dso requirements for the analysis of
jointsin DNV-OS-501 Section 4.

Element shapes shdl be kept compact and regular to perform optimally. Different eement types have
different sengtivities to shape digtortion. Element compatibility shal be kept satisfactory to avoid localy
poor results, such as atificid discontinuities. Mesh should be graded rather than piecewise uniform,
thereby avoiding great discrepancy in size between adjacent e ements.

Modes shall be checked (idedlly independently) before results are computed.

Thefollowing points shal be satisfied in order to avoid ill-conditioning, locking and ingtability:

a diff eement shal not be supported by a flexible eement, but rigid-body congtraints shdl be imposed on
the iff dement,

for plane strain and solid problems, the andyst shdl not let the Poisson’ s ratio approach 0.5, unlessa
specid formulation is used,

3-D dements, Mindlin plate or shdll eements shdl not be alowed to be extremdy thin,

the analyst shall not use reduced integration rule without being aware of possble mechanism (eg.

211

212

hourglass modes).

Guidance note:

Some of these difficulties can be detected by error testsin the coding, such as atest for the condition number
of the structure stiffness matrix or atest for diagonal decay during equation solving. Such tests are usually a
posteriori rather thana priori.

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

Need for mesh refinement is usualy indicated by visud inspection of stress discontinuities in the stress
bands. Anaogous numerica indices are a so coded.

For loca andlyss, alocad mesh refinement shdl be used. In such an andysis, the origind mesh is differ
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than the refined mesh. When the portion of the mesh that contains the refined mesh is andysed
separatdy, a correction shal be made so the boundary displacements to be imposed on the loca mesh
are congstent with the mesh refinement.

For nonlinear problems, the following specid consderations shdl be taken into account:

- the andys shal make severd trid runsin order to discover and remove any mistake,
solution Strategy shdl be guided by what is learned from the previous attempts,
the andys shdl start with asmple mode, possibly the linear form of the problem, and then add the
nonlinearities one by one,

Computed results shall be checked for salf-consistency and compared with, for example, approximate
andytica results, experimenta data, text-book and handbook cases, preceding numerical analysis of
smilar problems and results predicted for the same problem by another program. If disagreements
gppear, then the reason for the discrepancy shdl be sought, and the amount of disagreement adequately
clarified.

The andys shdl beware the following aspects:
for vibrations, buckling or nonlinear andys's, symmetric geometry and loads shdl be used with care
since in such problems symmetric response is not guaranteed. Unless symmetry is known to prevail,
it shdl not be impaosed by choice of boundary conditions,
for crack analys's, a quarter point eement can be too large or too smdll, thereby possibly making
results from mesh refinement worse,
the wrong choice of dements may display a dependence on Poison’sratio in problemsthat shdl be
independent of Poisson’sratio,
if plane dements are warped, so that the nodes of the elements are not co-planar, results may be
ardic and very sengtive to changesin mesh,
imperfections of load, geometry, supports and mesh may be far more important in a buckling
problem than in problems involving only linear response.

In the context of finite dement analyss (FEA) of laminate structures (one of) the following eement types
should be applied:
layered shell dements with orthotropic materia properties for each layer (for in-plane 2-D andyss,
solid eements with orthotropic materia properties (for 3-D and through thickness 2-D andysis.
The decisson to use 2-D or 3-D analys's methods should be made depending on the level of
significance of through thickness stresses and gradients of inplane stresses through the thickness. A 3-D
andysisisusudly required for risers with thick walls.
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Guidance note:

There are two options for the solid elements: The modelling may be performed with (at least) two solid
elements through the thickness of each ply. Alternatively, one may apply layered solid elements where the
thickness of asingle element includes two or more plies.

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

F 300 Software Requirements

301 Sdection of finite dement software package shall be based on the followings.
- Dftware availahility,
avallability of qudified personnd having experience with the software and type of andysisto be carried
out,
necessary modd size,
anadysis options required,
vaidated software for intended andyss.

302 Ussful options for the analys's of composite structures include:
layered solid dements with orthotropic and anisotropic materid behaviour,
layered shell dements,
solid dements with correct materid models or appropriate interface dements dlowing for debond (for
andysis of bonded and laminated joints),
interface eements alowing for large aspect ratio (for analyss of thin layer bonds),
the possibility to sdect different co-ordinate systlems in a clear and unambiguous way.
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Depending on the area of gpplication, additiona analyss options should be available, such as:

appropriate solver with stable and reliable analysis procedures,

options characterisng large digplacements and large strains (for geometricaly nonlinear andyss),
meaterial models describing the behaviour of, eg., laminates beyond firg failure (for materidly nonlinear
andyss),

robust incrementa procedures (for nonlinear analysisin generd),

tools for frequency domain andysis and/or options such as time integration procedures (for dynamic
analyses),

gppropriate post-processing functiondity,

database options,

sub-gtructuring or sub-moddling.

F 400 Execution of Analysis

401

402

403

404

FEA tasks shdl be carried out by quaified engineers under the supervision of an experienced senior
enginesr.

Andysis shdl be performed according to a plan, which has been defined prior to the andyss.

Extreme care shal be taken when working with different relevant co-ordinate systems, i.e. globd, ply
based, laminate based, e ement based and stiffener based systems.

The gpproach shdl be documented.

F 500 Evaluation of Results

501

502

Analysisresults shal be presented in a clear and concise way using appropriate post-processing
options. The use of graphicsis highly recommended, i.e. contour plots, (amplified) displacement plots,
time higtories, stress and dtrain distributions etc.

The results shdl be documented in away to help the designer in ng the adequacy of the Structure,
identifying weaknesses and ways of correcting them and, where desired, optimising the structure.

F 600 Validation and Verification

601

602

FE programs shd| be validated againgt andlytical solutions, test results, or shal be benchmarked against
anumber of finite ement programs.

Anaysis designer shal check whether the envisaged combination of options has been validated by
suppliers. If thisis not the case, he shdl perform the necessary vaidation andyss himsdlf.
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FEA results shal be verified by comparing againg rlevant andyticd results, experimenta data and/or
results from previous Smilar andyss.

Andyss and mode assumptions shdl be verified.
Reaults shdl be checked againgt the objectives of the andyss.
Verification whether the many different relevant co-ordinate systems have been applied correctly shall

be considered.

G. Dynamic Response Analysis

G 100 Genera

101

102

103

104

105

106

107

108

109

Dynamic andysis should generaly be performed when loads are time-dependent and/or when other
effects such asinertia (and added mass) and damping forces are significant.

In adynamic andysis one may be interested in the transient response of a structure due to prescribed,
time-dependent loads or the eigenva ues (eigenfrequencies) of the structure.

In order to obtain an accurate trangent analyss a detailed structurd model and small time steps should
be used, in particular for rgpid varying loads.

For dowly varying loads (relative to the naturd period of the riser) a quasi-gatic anayss may be
gpplied. In such an analysisinertia and damping forces are neglected, and the corresponding stetic
problem is solved for a series of time steps.

In vibration analysis one may use a coarse structural modd if only the first few eigenvalues are of
interest, see 202. Nevertheless, a reasonable representation of structural mass and gtiffnessis crucid.

If alarge number of eigenfrequencies are required, one shal apply a detailed description of the
structure.

Due account should be taken of fluid-siructure interaction effects where these are sgnificant. These may
include vortex induced vibrations (V1V), resonance between structura response and wave excitation
frequencies, or more complex, high-frequency vibration phenomena (ringing and springing of the riser or
the system the riser is connected to) caused by non-linear wave loads. In some cases of fluid-structure
interaction it may be necessary to perform a dynamic andysis of the coupled fluid-gructure system.

In case of accidentd loads, such as explosions, dynamic effects should be considered carefully.

The dependence of the materia properties on strain rate should be taken into account, see DNV-OS
501 Section 4 C1000.
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Guidance note:

Although static material properties may yield conservative predictions of displacements, a strength
assessment based on static propertiesis not necessarily conservative since both the material strength and
the material stiffness may be enhanced at high strain rates. The higher stiffness may increase the induced
stress so that the benefit of the increase in the material strength may be lost. Furthermore, ductile materials
often become brittle at high rates. Thus, the extra margin provided by ductile behaviour may be destroyed.

Thereisalack of sophisticated material models taking the rate dependent behaviour into consideration.

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

G 200 Dynamicsand Finite Element Analysis

101 For andyssincluding dynamic loads with frequencies of interest up to wy., the mesh shdl be ableto
accurately represent modes associated with frequencies up to 3w, ahd amode superposition analyss
shdl include frequencies up to about 3w..

202 For eigenvadue andyss, there should be 4 or more times as many degrees of freedom as eigenvaues to
be cdculated.

203 For direct integration methods, the following points should be ensured:

- thetime step Dt should be gpproximatdy 0.3/w,,. or less, and should provide numericd gahility if the
integration method is conditionally stable,
there should be a match between the type of dgorithm and the mass matrix,
abrupt changesin dement size should be avoided, thereby avoiding spurious wave reflection and
numerical noise.

H. Impact Response

101 Impact should be evaluated by testing as described in Section 5 F 300.

. Thermal Stresses

101 Changesin temperature from the environment resulting in dimensiond changes of the body shdl be
taken in account. The generd thermd dirains, g, can be expressed as
e =a,DT,
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where a; isthe therma expanson coefficients. Temperature is denoted by T.

102 Resdud drainsshdl be cdculated againg the reference temperature for which a; was determined. It is
usudly the curing temperature

103 Accordingly, the stress-gtrain relaions shal be modified to account for the stress free environmentaly
induced expansond drains asfollows.
{e} =[slfs } +{e}

J. Swelling Effects

101 Changesin gadffluid absorption from the environment resulting in dimensiona changes of the body shdl
be taken in account. The genera swelling strains, €, can be expressed as
g =b,C,
where b; isthe swelling expansion coefficients and C is swelling agent concentration ingde the laminate.

102 Accordingly, the stress-gtrain relations shal be modified to account for the stress free environmentally
induced expensond drains asfollows.

{e} =[sfis } +{e}

K. Buckling

K 100 Genera

101 The need for specid buckling analysis shal be assessed carefully in every case. In particular the
following aspects shall be consdered in making this assessment:
- Presence of axia compressive stressesin the riser pipe
- Presence of circumferentid compressive or shear stressesin theriser pipe
- Presence of all compressive stressesin the joint area.

102 All partsof theriser, like pipe, liners and fittings should be evauated for buckling.

103 Two dternative approaches may be used in andysing buckling problems:
- Analysis of isolated components of standard type, such as tubular sections, beams, plates and shells of
smple shape.
- Anayds of an entire structure (or of an entire, complex structura component)

K 200 Buckling analysis of isolated components

201 When amember or component that isapart of alarger structure is andysed separately aglobad andyss
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of the structure shall be first gpplied to establish

- the effective |oading gpplied to the member/component by the adjoining structura parts,

- the boundary conditions for the structural member, in terms of trandationa and rotationa stiffness
componentsin al relevant directions.

For smple members or components standard formulae or tables may be used to estimate dadtic critical
loads (Pe), critica stresses (Se) or critica srains (&), and the corresponding e astic buckling mode
shapes. Alternatively these quantities may be calculated using analytica or numerical methods. 1t shall
aways be checked that the buckling mode shape is condstent with the boundary conditions.

An assessment shdl be made of the shape and size of initid, geometrical imperfections that may
influence the buckling behaviour of the member. Normally the most critical imperfection shepe for a
given buckling mode has asimilar form to the buckling mode itself. However, any geometricd feature
(including eccentricity of loading) that results in compressive forces that are not coincident with the
neutral axis of the member may require condderation. The assumed form and amplitude of the
imperfection shal be decided on the basis of the production process used with due consderation of the
relevant production tolerances. Refer to DNV-OS-C501 Section 6H.

In some cases ageometrically non-linear analysis may be avoided asfollows. The dadtic critica load
(without imperfections) P. is cdculated. In addition an ultimate fallure load Py is estimated a which the
entire cross-section would fail by compressve fibre failure, in the absence of bending stresses at the
sectionin question. If P > Ps the further assessment may be based on geometricdly linear andysis
provided geometrica imperfections are included and the partial 1oad effect modelling factor is increased
by multiplying it by the factor

1
1- P; /4R,

In cases where it is possible to establish the bending responses (stresses, strains or displacements)
asociated with an in-plane loading separately from the in-plane (axid) responses, afirst estimate of the
influence of geometrical nonHlinearity combined with the imperfection may be obtained by multiplying
the relevant bending response parameter obtained from a geometricaly linear analysis by afactor

1 | 1 or 1
1- P/P, 1-s/s, 1- efe,
and combining the modified bending responses with the (unmodified) in-plane responses.
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The above procedures (205 and 204) may be non-conservative for some cases where the post-
buckling behaviour is ungtable. Examplesinclude cylindrica shellsand cylindricd pands under axid
loading. Such cases shal be subject to specid andysis and/or tests.

K 300 Buckling analysis of more complex elementsor entire structures

301

302

303

304

305

306

307

Buckling andysis of more complex dements or entire structures shal be carried out with the aid of
verified finite d ement software or equivaent.

Initidly an eigenvaue buckling analysis shdl be performed assuming initid (non-degraded) eastic
properties for the laminates. This shall be repeated with dternative, finer meshes, until the lowest
elgenvaues and corresponding eigenmodes are not Sgnificantly affected by further refinement. The
main purposes of thisandyds are to clarify the rdevant buckling mode shapes and to establish the
required mesh dengity for subsequent andysis.

Careful attention shal be paid to correct modelling of boundary conditions.

If the gpplied load exceeds, or is close to, the caculated dadtic critical load, the design should be
modified to improve the buckling strength before proceeding further.

A sep-by-gep andyss shdl be carried out. Geometrical non-linearity shal be included in the modd.
The falure criteriashall be checked at each step. If fallure such as matrix cracking or delamination is
predicted, any analysisfor higher loads shall be performed with properties reduced as described in
DNV-OS-C501 Section 4 1.

Alternatively to the requirement in 305 a geometrically non-linear analysis may be performed using
entirdy degraded properties throughout the tructure. Thiswill normaly provide conservative estimates
of stresses and deformations. Provided reinforcing fibres are present in sufficient directions, so that the
largest range of unreinforced directions does not exceed 60°, such an estimate will not normdly be
excessvely conservative.

The influence of geometric imperfections should be assessed, on the basis of the production method and
production tolerances. Refer to DNV-OS-C501 Section 6H.

L. Partial Load-M odel Factor

L 100 General

101

102

103

A determinigtic factor shal be assgned to each structurd analysis method. It is designated in thisRP as
the partial load-modd factor gsg.

The load-mode factor accounts for uncertainties of the structura andysis method being used to
accurately describe and quantify the response of the structure.

Mode factors for the main sructurd analys's methods are given in the following sub-sections.
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104 Insome casesadructureis only evauated by testing, and such an gpproach evauates only the
particular conditions tested. A procedure for this gpproach is given in DNV-OS-C501 Section 10.

L 200 Connection between Partial L oad-Mode Factor and Analytical Analysis

201 When andytica methods are used within their assumptions and limitations amode factor of 1.0 should
be used.

202 If andyticd methods are used outsde their assumptions and limitations, it shal be documented that the
magnitude of the modd factor ensuresthat al predicted stresses and drains are higher than in redlity. If
the choice of modd factor cannot be documented, the andytical method shal not be used.

L 300 Connection between Partial L oad-Model Factor and Finite Element Analysis

301 Theaccuracy of FE methods is generdly very good when the structure is properly moddled. The use of
these methods with unsatisfactory models is much more uncertain.

302 When FE methods are used within their assumptions and limitations (and according to Section F) a
modd factor of 1.0 may be used.

303 If FE methods are used outsde their assumptions and limitations, it shal be documented that the
meagnitude of the modd factor ensuresthat al predicted stresses and drains are higher than in redlity. If
the modd factor cannot be documented, the anadlysis method shall not be used.

304 If the boundary conditions do not exactly represent the real conditions the effect on the load model
factor shall be evaluated. Asaminimum afactor of 1.1 shdl be used.

305 If the load-modd factor cannot be determined for caculationsin acritical region, eg. acritica joint or
region of stress concentrations, experimenta qudification should be done (see DNV-OS-C501 Section
10).

L 400 Connection between Partial Load-Model Factor and Dynamic Response Analysis

401 Theaccuracy of the dynamic andyss shdl be estimated. The load-modd factor used, whichis
described in Sections L200 and L300, should include dl uncertainties due to dynamic effects.
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SECTIONS5 DESIGN CRITERIA FOR RISER PIPES
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A. GENERAL

A 100 Objective

101

The section provides the generd framework for design of riser sysemsincluding provisons for
checking of limit states for pipesin riser sysems. Design of connectors and riser components are
covered in Section 6.

A 200 Application

201

202

This standard provides design checks with emphasison ULS, FLS, SLS and ALS|oad controlled
conditions. Design principles for displacement controlled conditions are discussed in D900.

Requirements for materids, manufacture, fabrication and documentation of riser pipe, components,
equipment and structura itemsin the riser system are given in DNV-0S-501 Section 4.

A 300 Pressuretesting

301

302

303

304

305

All risers of safety class normd or high shall be pressure tested before going into service.

A test pressure in compliance with DNV-OS-F101 should be used unless such a pressure would
introduce damage to the component that may reduce its lifetime. The maximum service pressure shal be
the minimum test pressure.

If the riser contains non-composite parts that were designed according to a standard that requires a
pressure test up to a certain test pressure p, the pressure test shall be carried out at that pressure p or
the pressure required by 302, whatever is highest.

A detailed test programme should be defined. The following should be stated as a minimum:
rates of pressure increase,
holding times,
time over which the pressure in the system shal not drop without actively applying pressure, i.e. a
leskage test.

The test schedule should be developed for each gpplication. The testing should alow detecting as many
possible defectsin the structure as possible. As agenera guidance the following schedules are
recommended:
The minimum time over which the maximum test pressure in the system should not drop without
actively applying pressure should be at least 10 minutes for systems that do not creep. The
pressure should stay constant within 5% of the value at the start of the test.
For systems that show creegp the maximum test pressure should be kept for 1 hour applying active
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pressure. The pressure should be monitored for another hour without actively applying pressure.
The pressure drop should be predicted before the test and the test result should be within 10% of
the prediction.

306 Risersof low safety class should be tested up to their service pressure. Pressures should be gpplied for
at least 10 minutes.

307 Mos authorities give generd test requirements for pressure vessels, these may aso apply to pressurised
risers. The requirements of the authorities that govern the location of the application should be followed.

A 400 Limit States

401 Thelimit states are grouped into the following four categories:

- Serviceability Limit Sate (SLS) requiresthat the riser must be able to remain in service and operate
properly. Thislimit state corresponds to criteria limiting or governing the normal operation (functiond use)
of theriser;

Ultimate Limit State (ULS) requires that the riser must remain intact and avoid rupture, but not
necessary be able to operate. For operating condition thislimit state corresponds to the maximum
resistance to applied loads with 10 annual exceedence probability;

Accidental Limit Sate (ALS) isaULS dueto accidenta loads (i.e. infrequent loads)

Fatigue Limit Sate (FLS) isan ultimate limit State from accumulated excessve faigue crack growth or
damage under cyclic loading.

402 Asaminimum requirement, the riser pipes and connectors shal be designed for (not limited to) the
potentia modes of fallures aslisted in Table 5-1 for dl rdevant conditions expected during the various
phases of itslife,
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Table5-1: Typical limit statesfor theriser system

Limit Sate Category

Limit Sate/Failure Mode

Failure definition/ Comments

SS

Clearance

No contact between e.g. riser-riser, riser-mooring line, riser-hull, surface tree- floater
deck, subsea tree-seabed, surface jumper- floater deck.

Excessive angular response

Large angular deflections that are beyond the specified operationd limits, e.g.
inclination of flex joint or ball joint.

Excessive top displacement

Large relative top displacements between riser and floater that are beyond the
specified operational limits for top tensioned risers, e.g. stroke of telescope joint,
slick joint and tensioner, coiled tubing, surface equipment and drill floor. Note that
systems can be designed for exceeding displacement limitsif the structural integrity
is maintained.

Mechanical function

Mechanical function of a connector during make-up/break-out.

ULS Bursting Membrane rupture of the pipe wall caused by internal overpressure, possibly in
combination with axial tension or bending moments
Liquid tightness Leakage in the riser system including pipe and components, caused by internal
overpressure, possibly in combination with axial tension or bending moments
Buckling Buckling of the pipe cross section and/or local buckling of the pipe wall due to the
combined effect of external overpressure, effective tension and bending moment.
Propagating buckling Propagating hoop buckling initiated by hoop buckling.
Damage due to wear and tear | Damage to the inside or possibly to the outside of the pipe during operation or
installation, resulting into burst or leakage.
Explosive decompression Rapid expansion of fluid inside a materia or interface leading to damage that may
cause leakage or burst.
Chemical decomposition Chemical decomposition or corrosion of materials with time that leads to a reduction
Corrosion and strength, resulting into burst or leakage.
ALS SameasULSand SLS Failure caused by accidental loads directly, or by normal loads after accidental
events (damage conditions).
Impact Damage introduced by dropped objects, like drill bits etc.
Fire Resistance to fire, if parts are above water
FLS Fatigue failure Excessive Miner fatigue damage or fatigue crack growth mainly due to environmental

cyclic loading, directly or indirectly.

B 100 Design Load Effects

B. Load Effects

101 Design load effects are obtained by multiplying the load effect of each category by their corresponding
load effect factor.

102 A load mode factor shal be determined to account for systematic errorsin calculating loca load effects
from globa loads or events as described in Section 4L.
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B 200 Load Effect Factors

201 Thededgn load effect is used in the design checks. Severd combinations may have to be checked
when load effects from several |oad categories enter one design check. The load effect factors shown in
Table 5-2 shdl be used wherever the design load effect isreferred to for dl limit states and safety class.

Table5-2 L oad effect factors

F-load E-load A-load
Limit state effect effect effect

g g2 9
ULS 11 13 NA
FLS 1.0 1.0 NA
SLS& ALS 1.0 1.0 1.0
NOTES

1) If the functional load effect reduces the combined load effects,
o shall be taken as 1/1.1.

2) If the environmental load effect reduces the combined load
effects, ge shall be taken as 1/1.3.

B 300 Load modd factors

101 Load mode factors gsq account for inaccuracies, idedisations, and biases in the engineering model used
for representation of the real response of the structure, Effects of geometric tolerances shal dso be
included in the load modd factor. The factor istreated here as a deterministic parameter.

302 Details about the load modd factor are givenin Section 4L.

C. Resistance

C 100 Resistance Factors

101 Thefollowing resistance factors apply:
materid resistance factor g, to account for material and resistance uncertainties.
aresstance model factor to account for possible inaccuracies in the fallure criteria used
asystem factor

102 The resgtance factors applicable to ultimate limit states (ULS) are specified in Tables 5-3 to
5-4. Thefactors are linked to the safety class to account for the consegquence of failure. Failure types
are described in Section 2C200 and specified in Section DNV-0OS-C501 Section 6A200 for dl
fallure criteria
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Table5-3: Brittlefailuretype
Safety COV of the strength
Class COV<10% | 10%-125% | 12.5%-15%
Low 1.22 1.33 1.49
Normal 1.34 1.53 1.83
High 147 1.75 2.29

Table5-4: Plastic/ Ductilefailuretype

Safety COV of the strength

Class COV<10% | 10%-125% | 12.5%-15%
Low 111 1.16 1.23

Normal 1.22 1.33 1.49
High 1.34 1.53 1.83

Section 5, Page 7 of 22

103 The resstance factors gpplicable to accidentd limit states (ALS) are identical to the factors for ULS,
specified in thetablesin 102 (above).

104 The resstance factors applicable to serviceability limit states (SLS) are pecified in Table 5-5. The
factors are linked to the safety class to account for the consequence of failure.

Table55: SLS
Safety COV of the strength
Class COV<10% | 10%-125% | 12.5%-15%
Normal 111 1.16 1.23
High 1.22 1.33 1.49

Guidance note:

For SLS, the set of resistance factors can be defined by the owner, see G.

For ALS, the set of safety factors depends on the frequency of occurrence and isto be defined from case to case, see F. In cases,
where the inherent uncertainty related to the accidental load is negligible and, where a conservative estimate is applied, the material
resistance factor in Tables 5-3 to 5-5 can be reduced by 10%.

end - of - Guidance - note
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C 200 Geometrical Parameters
201 Nomind dimengons shdl be used for dl caculations relaed to FRP laminates or polymers

202 For metds, the dimensions as described in the rdated meta standards like DNV-OS-F201 for
dynamic risers shal be used.

C 300 Material Strength

301 The characteristic materia strength as described in DNV-OS-501 Section 4 shdl be used for dl
caculations

302 Both characterigtic short term properties and characteristic long term properties up to the design life
shdl be considered. How to obtain long term propertiesis described in DNV-OS-501 Section 4.

Guidance note
If al long term properties are lower than short term properties, one analysis with long term propertiesis
usually sufficient. However, in someinstances stresses may be distributed differently at the beginning of the

design life than at the end. In that case two analysis may be required.

End of guidance note

103 If the strength of the materid is temperature dependent or dependent on the surrounding environment
within the range of operationa conditions, the andys's should consder the range of strength using the
same principlesas givenin 302.

C 400 Resstance mode factors

101 Resistance modd factors grg account for differences between true and predicted resistance values given
by the fallure criterion.
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402 Modd factors shal be used for each failure criteria. The factors are given in DNV-OS-C501 Section 6.

A summary isgiven in Teble 5-6.

Table 5-6: Model factors
Failure Criterion Model factors grg Reference
in DNV-OS-C501

Fibre Failure 1.00r ga 6-C202
Matrix Cracking 1.0-1.15 6-D100-400
Deamination 1.0-2.0 6-E
Yidding 1.0 6-F
Ultimate fallure of orthotropic homogenous 1.25 6-G
materias
Buckling Samerange as dl other 6-H

criteria
Displacements 1.0 6-1
Stress Rupture 0.1-1.0 6-J400
Fatigue 0.1-1.0 6-K300

C500 System effect factor

501 The safety factors are given for the entire system. Depending on how the components are connected to
form a system, the target probakiility of failure for individua components may need to be lower than the
target probability of falure of the entire system.

502 In order to take this system effect into account, a system effect factor gs shdl be introduced. If the
system effect is not rlevant, gs = 1.0. Otherwise a system factor shal be documented. A vaue of gs =
1.10 can be used as afirst approach.

Guidance note:

E.g. Inthe case of ariser string, the failure of one section (i.e. plain pipe or end connector) is equivalent to the
failure of the entire system. Thisisachain effect in which any component of the string can contribute. Asa
conseguence, the target safety of individual section should be higher than the target safety of the entire
system, in order to achieve the overall target safety.

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

A continuos spoolable riser has only two end connectors (one at each end). Failure of an end connector is
also asystem failure. However, since there are only two connectorsit is not a chain effect and gs= 1.0 can be
used.

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

In some cases a system may consst of paralel components that support each other and provide
redundancy, even if one component fails. In that case a system factor smdler than 1 may be used if it
can be based on a thorough structurd rdiability andyss.

D. Ultimate Limit State

D 100 Genera

101

102

103

104

105

The riser pipe shal be designed againg relevant modes of failure listed in Table 5-1.

This section provides design checks with emphasis on load controlled conditions. Design principles for
displacement controlled conditions are discussed in D 900.

Loading conditions for the limit state checks are obtained as described in Section 4. Risers are typicaly
evauated for interna/externd pressure, axia tension, bending and dl possible combinations of these
loads. Composite risers may be very senstive to small torsond loads and smdll axid compressve
loads, depending on the laminate and end-fitting design. All loads should be considered in the limit Sate
andyss.

An example of the sequence of sepsin evduding alimit sate is shown in the Figure 6-1. Each limit
date can be related to various failure mechanisms. For each failure mechanism ardevant mathematical
description, i.e. afailure criterion, has to be found.

Fallure criteriaare given directly in this section or reference is made to rlevant failure criteriain DNV
Offshore Standard for Composite Components DNV -0OS-C501.
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Limit states | Limit state or Failure | Design
Category | FailureMode Mechanism | Criterion
E DNV-0OS-C501

Fibre Failure —p Maximum fibre
strain criterion

Matrix Cracking |

T~ (if critical)

Global buckiling-

Matrix cracking
criterion

> Global criterion

: i (if relevant*
Local buckling I(:i niteelemezlt

analysis

Buckling

* usudly risers are designed that they do not experience compressive |oads.

Figure 6-1. Exampleto illugtrate flow from limit Sate to design criterion.

D 200 Burging

201

202

203

204

205

206

Burdting of the pipe may be caused by internd overpressure, possibly in combination with axid tenson
or bending moments.

The globd analyss of the riser shdl provide the worst combination of the above loads for locd andysis.
The loca andlyss shdl establish load effects (Stresses or Srains) on the ply level.

The anadlyss shal check dl fallure mechanisms listed in DNV-OS-C501 Section 6A501.

Fibre failure shal dways be analysed (DNV-OS-C501 Section 6 C). Fibre failure defined here as ply
falure in the fibre direction, as described in DNV-0OS-501 Section 4. Fibre failure is not acceptable.

Matrix cracking of the laminate may be acceptable aslong as afluid barrier remainsintact. Typicaly
matrix cracking is acceptable for riser pipes with aliner. See Section 6 D for requirements for the liner.

If the riser does not have aliner or fluid barrier, fluid tightness in the presence of matrix cracks should
be documented. Usudly alaminate leaks only after a certain number or dendgity of matrix cracks has
developed. It is recommended to determine the point of |eakage experimentaly by component testing
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(DNV-0S-C501 Section 10).

Matrix cracking may reduce the compressive strength under some conditions (DNV-OS-C501 Section
6 C400). The possible consequences of such a strength reduction should be considered.

Fluid tightness can a so be documented by showing that the matrix does not crack (DNV-0OS-C501
Section 6 D).

Delaminations in the laminate may be acceptable it through thickness siresses must not be carried by the
laminate. However, delaminations may reduce the buckling strength.

Yidding is not afalure mode for most fibre reinforced laminates. If yielding can happen two options
may be used. The design does not alow yidding (DNV-OS-C501 Section 6 F). Alternatively, afully
nonlinear andyss may be done considering the effects of yielding. See Section 6 D for requirements for
the liner.

Buckling may happen localy under bending of the riser. Buckling is not acceptable. Requirements for
buckling are givem in D400.

Large displacements or deformations due to high loads do usudly not cause burst. Large deformations
may waken composite metd interfaces.

Materiads shall be chosen in away that they do not decompose chemically over the lifetime. Such
decomposition would weaken the material and may cause burst (DNV-OS-C501 Section 6 Q).

D 300 Liquid Tightness- Leakage

301

302

303

Leskage of ariser issmilar to burst, but a more gradua process. All consderations for burst also apply
for leakage.

Diffuson or permesbility of the fluid shal be low enough that no or minima amounts of fluid get out of
the system.

If theriser has aliner it is sufficient to show that the liner itselfe can contain the fluid. Properties of the
laminate shal be checked if thereisno liner or if the liner is not fluid tight.
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D 400 Buckling

401

402

403

404

405

106

Buckling of the riser tube shall be conddered as a possible faillure mechanism.

Reevant load conditions that may induce buckling of the riser tube are

axid compression

bending of the riser tube as abeam (i.e. such that the axis of the riser tube bends)

torgon of the tube about its own axis

external overpressure
It may be relevant to consder the smultaneous presence of axid tension dong with bending, torson or
external pressure, or of internal overpressure along with axia tensgon/compression, bending or torsion.

Buckling shall be evaluated as described in Section DNV-OS-C501 Section 6 H taking due account of
geometric imperfections.

For liner buckling refer to 6D400.

If analytical formulae are used for estimating critical buckling loads, due account shdl be taken of the
anisotropic properties of the riser wall. Sections 406 to 410 below provide some formulae that may be
used to estimate the eagtic critica |oads for the load cases listed in 402. These should be used with
knock-down factors to give the buckling strength dlowing for geometric imperfections, as indicated.
The criterion to be checked isgivenin 411. Combined |oads may be considered in accordance with
412.

A negative effective tenson may cause ariser to buckle in compression. Buckling may take the form of
globa beam-column buckling or loca buckling of the riser wall, or a combination of the two. For axid
compression the critical values of the mean axia compressive stress for dadtic buckling in the globa and
local modes, Ser gioba @A Ser 10cal» AN the buckling resistance, S puckiings May be derived as follows:

1 1 1
= +

S buckiing S buckgloba S buckloca

where
2
A -k _ R2 kAgIobaJp Exx
S buckglobal — AglobalS crglobal — F 2
and
t kA local Exx Kl

S puckioca = KatocarS arfoca

TREL- o)

In the above, L isthe effective length of the riser tube for globa buckling as a beam-column, Rand t are
the radius and thickness of the riser tube, the suffices x and ? refer to the axid and circumferentia
directions, E and ? are modulus and Poisson’sratio, and K is an anisotropy factor given by
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L1/ 2 /2

1
L{FHE'»Q x’>
.5 HEG

Ex, E»» and Gy, are the laminate dastic engineering moduli for in-plane deformations. Note thet the
engineering congants are only defined for symmetric laminates.

—— /

K,=i2

cm»@m
Q I- I O

—_

The knock-down factors to account for geometric imperfections, Ka gioba @nd Ka 1oca , Should be taken
as 0.67 and 0.5, respectively, unless higher values can be demonstrated.

Globa buckling under conditions of displacement-controlled loading may be permitted, provided it
does not result in other failure modes such asloca buckling, unacceptable displacements, or
unacceptable cydlic effects. In such cases only the loca buckling mode need be considered in the
above formulae.

The above formulae apply to the true wall compression for the case when the externd and interna
pressures on the tube wall are equal. Cases of smultaneous axid compression and externd
overpressure shall be treated in accordance with 412.

Guidance note:

Itisessential that an appropriate tensioned-beam model is used for the analysis of global buckling. The consequence of atoo-small
positive effective tension is excessive curvature and bending moment near the location of minimum effective tension.

Note that members above the tension joint for top tensioned risers may be subjected to compressive forces for some riser types

- end - of - Guidance - note -

407 For bending of the riser tube the critica bending moment for eastic buckling, M, and the buckling
resistance moment, M puaing: May be derived from
kM. = 1.3k, pR’E, K,

M. =
buckling M cr [3(1 -n X?n N )]1/ 2

inwhich Rand t are the radius and thickness of the riser tube, the suffices x and ? refer to the axid and
circumferentid directions, E and ? are modulus and Poisson’sratio, and K is an anisotropy factor as
defined in 406. The knock-down factor ky to account for geometric imperfections should be taken as
0.5 unless a higher value can be demondtrated.
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408 Specid care shdl be given when asmall decrease in top tension of atop-tensoned riser could cause
excessve bending moment. In that case, the designer shdl establish a minimum effective tenson that
gives amargin above the tenson that is predicted to cause excessve bending moments.

409 For the case of torsond loading about the riser’ s longituding axis, the critical torsona moment for
eladtic buckling, M+, and the buckling resistance torsona moment, e bucklings may be estimated from

=k My, =217k, Dy .Y )

MTbucinng - 0T ” Ll/z t3/4 g A7,D g

inwhich R, L and t are the radius, length and thickness of the riser tube, Ay, A» and Ay, arethe
laminate elastic congtants for in-plane deformations, Dy, D~» and Dy, are the laminate elagtic congtants
for bending deformation, and the suffices x and ? refer to the axid and circumferentid directions
respectively. The knock-down factor kr to account for geometric imperfections should be taken as
0.67 unless a higher vaue can be demongrated. Thisformulais valid only when the coupling coefficient
B,; isamdl or zero (asin the case of a symmetric laminate lay-up), and when

:5/6

1,8, A A, - AT
S

0
5 6 12A.D,

0" 500
g ER

—
QIIO

410 For the case of externd pressure loading the critical pressure for eastic buckling, pe, and the buckling
resistance pressure, P puciing: May be estimated from

3k§eD
pE-?

Q- IO

By ¢
A g

ﬁbuckling = kp pcr = Rg

in which the notation used is as defined in 409. The knock-down factor kj, to account for geometric
imperfections should be taken as 0.75 unless a higher value can be demonsirated. The above formula
appliesfor long tubes. For shorter lengths of tube the following formula should be used if thisgivesa
higher value

5.5k,D,, e(AK A, - A, )t u
€ u
LR3/2t1/2 @ A”D g

Pouckiing = Kp Per =

inwhich L isthe length of the tube. This formula assumes a symmetric lay-up and isvadid only when

312, 2\ > d/2 2

o, 8 (A, A, - A S0 a2 o
2+ & 77 ? a _33 500

QDM 8 12A,D,, g Rt &

Guidance note:

per isthelocal minimum internal pressure taken as the most unfavourable internal pressure plus static head of the internal fluid. For
installation py,in equals zero. For installation with water-filled pipe, pmin equals pe.

- end - of - Guidance - note -
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411 Thefallure criterion for buckling when the resstance is determined by use of the above formulaeis as

follows
U
F buckiin
O 9u-F £ -
Mbuckle'g Rdbuckle
where:
F Characterigtic value of the induced stress or stress resultant (s, M, T or p)
y
F buckiing Characterigtic value of the resstance obtained from the tests
O Partial load or load effect factor
Osd Partia load or load effect modd factor
O Mbuckie Partial resstance factor
O Rbuckie Partial resstance-modd factor

The partid resstance factor Qupuade 8Nd g gy May e taken as 1.0 if the knock-down factors given in the
above sections are adopted.

The load effect model factor gy shall take account of the accuracy of representation of geometrical
imperfections and boundary conditions. The vaue shdl be determined from Section 4bL.

412 For cases of combined loadings a conservative assessment may be performed by assuming alinear
interaction relationship:

F _ s M M,
+ +

~ ~

p 1
= =— +— £
Fbuckling S buckling M buckling M T buckling pbuckling g F g S 'g Mbuckle'g Rdbuckle
wheres, M, T and p are the characterigtic values of the axia compressive stress, the bending
moment, the torsona moment and the externa pressure when considered in combination.

D 500 Propagating Buckling

501 Propagation buckling is not considered for composite risers, since loca buckling is aready not
acceptable.
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D600 Wear and Tear

601

602

603

604

The riser pipe shdl have sufficient res stance to wear and tear from the fluids or equipment running
through the pipe. (See also DNV-OS-C501 Section 6 M).

Composite riser have often aninternd liner. In this case wear resstance of the liner shdl be
demonstrated.

If the composite riser does not have aliner wear resstance of the laminate shall be demonstrated.

Theriser shal not lesk and the laminate shdl keep itsload carrying capacity after degradation due to
wear and tear.

D 700 Explosive decompression

701

702

703

Explosve decompresson may happen if fluid is entrgpped under pressure within the materid or the
interface. A sudden reduction of pressure in the system may cause the fluid to expand and cause severe
damage.

If the fluid can diffuse into any riser materias explosve decompresson shdl be congdered (DNV-OS
C501 Section 60).

Huidsin riserswith atight meta inner liner cannot diffuse through the metd and explosive
decompression due to the interna fluids does not have to be considered.

D 800 Chemical decompostion/ Corrosion

801

802

803

Materids shdl be chosen which do not decompose chemicdly in the design environment within the
lifetime of the riser (DNV-OS-C501 Section 6 Q).

Glass, aramid and carbon reinforced laminates made of polyester, vinyl ester or epoxy have not shown
chemica decomposition in marine environments. However, they do age as described in 7C-E.

Possible corrosion of the condtituent materias should be consdered. Carbon fibresin contact with
metas may cause galvanic corroson.

D 900 Displacement Controlled Conditions

901

902

Displacement controlled conditions can be addressed as described in the standard for dynamic risers
DNV-OS-F201.

Accumulated yielding is usudly not relevant for composite laminates, but it should be considered for dl
other components, like meta or thermoplastic liners etc.
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E. Fatigue Limit State

E 100 Genera

101

102

103

104

105

Cydlic fatigue and gatic fatigue (or stress rupture) should be considered for composite risers.

All failure modes that were evauated in datic andyss shdl adso be evaluated for possible fatigue
falures. A few exceptions are given in the failure criteriain Section DNV-OS-C501 Section 6 J and K.

The effects of possible creep or stress relaxation on the riser system should be evaluated.

All critica Stes of each unique component dong the riser shdl be evaduated. These sites normdly
include details that causes stress concentrations or load introduction points.

Possible changes in gtiffness with time shal be considered for cyclic and gatic fatigue (Section DNV-
OS-C501 Section 6 J200 and K200)

E 200 CyclicFatigue

201

202

203

204

205

206

Theriser sysem shdl have adequate safety againgt cyclic fatigue within the service life of the system.
Reference is made to DNV-OS-F201 Section 4 and Appendix B for more details with respect to
fatigue design and andyss.

All cydic loading imposed during the entire service life, which have magnitude and corresponding
number of cycles large enough to cause fatigue damage effects, shal be taken into account. Temporary
phases like trangportation, towing, ingalation, running and hang-off shal be considered. Loads shdl be
described as stated in Section 3 F300.

Normaly, the methods based on S-N curves and reduction of strength with time are used during design
for fetigue life assessment (Section DNV-OS-C501 Section 6 K). SN curves should be obtained as
described in DNV-OS-501 Section 4 C.

If representative fatigue resistance data are not available, direct fatigue testing of the actua components
shdl be performed with due regard of the chemica compostion of the interna and externa environment
(DNV-OS-C501 Section 10).

The gtress to be consdered for fatiguein ariser isthe cyclic (i.e., time-dependent) stress. Mean vaue
and amplitude should be obtained.

This combined stress varies around the circumference of the riser pipe. For cases where the waves are
incident from severd different directions, the fatigue damage must hence be caculated at a number of
regularly spaced points to identify the most critical location.

E 300 Stressrupture

301

The riser system shdl have adequate safety againgt stress rupture (or setic fatigue) within the service life
of the system.
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All long term permanent loads during the entire service life, which have magnitude large enough to cause
stress rupture effects, shall be taken into account. Temporary phases like trangportation, towing,
ingalation, reding, running and hang-off shal be consdered. Loads shdl be described as stated in
Section 3 F200.

Normaly, the methods based on long term stress rupture curves and reduction of strength with time are
used during design for fatigue life assessment (Section DNV-OS-C501 Section 6 K). Materia data
should be obtained as described in DNV-OS-501 Section 4 C.

If representative stress rupture res stance data are not available, direct testing of the actua components
shdl be performed with due regard of the chemical compostion of the interna and externa environment
(DNV-0OS-C501 ection 10).

The stress to be considered for stress rupturein ariser isthe long term static stress.

This stress may vary around the circumference of the riser pipe. For cases where the waves are incident
from severd different directions, the stress rupture analysis must hence be calculated at a number of
regularly spaced points to identify the most critical location.

E 400 Factorsfor Static and Dynamic Fatigue Analysis

401

402

403

Thefactors g« in Table 5-7 shal be used for the prediction of failure dueto cyclic fatigue or dueto
long term datic loads. The factors shdl be used with the fallure criteriain DNV-OS-C501 Section 6 J
and K.

Table5-7. Factor for fatigue calculations g
SHfety class
Low Normal High
15 30 50

When using the factorsin Table 5-7, no in service ingpection is required.

In service ingpection may be used if it can be combined with damage growth and fallure predictionsto
optimise afatigue analyss.
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F. Accidental Limit State

F 100 Genera

101 The same consderations apply to composite risers as given in the DNV offshore standard for dynamic
risers DNV-OS-F201.

F200 Resistanceagainst fire

201 If theriser is used above the weter line resstance againg fire shal be demondtrated. A full scae fire test
with arepresentative fire is the recommended option to demondirate fire performance.

202 Itisrecommended to use composite risers made of flammable materias only below the water line.
Metal riser sections can be used above the water line. In that caseit is not necessary to demonstrate fire
resi stance of the composite riser.

F 300 Resstanceagainst dropped objects- impact

301 Demongtration of resistance againgt dropped objects, like drill-bits may be required. The impact
scenario should be defined by the local authorities or the user.

302 It shdl be shown that the riser remains lesk tight after an impact of the defined scenario.

303 When consdering the effects of impact, it should be documented that no unintended failure mechanisms
will happen due to impact.

304 Theredstance of the riser to impact should be tested experimentdly. This can be done in two ways.

o Thematerid or asmall section is exposed to ardevant impact scenario. The strength of the
materid with the impact damage should be determined. This strength can be used for further
design of theriser.

o Thefull riser isexposed to ardevant impact scenario. The riser istested afterwards to show that
it can dill tolerate the critica loads.

305 Impact failure criteriamay be used if experimenta evidence shows that they are gpplicable for the
application.

F 400 Impact testing

401 If thetedting option is chosen in 303, the riser should be tested lying on the ground under normal
operating pressure and axia tenson. A higher pressure than operating pressure may be used to smulate
the axid tenson.

402 The riser pipe should be impacted in the middle and close to thejoint.

403 It should be evauated whether the riser should be able to withstand more than one impact scenario. In
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that case the riser should be exposed to the expected number of impact events.

F 500 Evaluation after impact testing

501

502

503

The impact tests should demongtrate that no unacceptable damage is introduced into the riser. Once the
riser has been exposed to impact it should be carefully ingpected to ensure that no unexpected failure
mechanisms occurred that may reduce the riser's performance, in particular long term performance. If
the riser will be taken out of service after an impact, long term considerations do not have to be made.

It shdl be shown further that the riser can carry dl rdlevant loads after impact until it can be taken out of
sarvice for repair or replacement. This can be done by demonstrating that the riser remains pressure
tight for the time it takes to take the riser out of service. The riser should remain pressure tight for at
least 1 hour.

If the riser may be exposed to impact but can or should not be repaired afterwards, it should be shown
that the riser can withstand al long-term loads with the damage induced by the impact. This can be
done by analysis taking the observed impact damage into account, by testing, or a combination of
analysis and testing. Testing should be done according to DNV-OS-C501 Section 10.

G. Serviceability Limit State

G 100 General

101

The same condderations gpply to composite risers as given in the DNV offshore standard for dynamic
risers DNV-OS-F201.

H. Special Considerations

H 100 Interference

101

The same condderations gpply to composite risers as given in the DNV offshore standard for dynamic
risers DNV-OS-F201.
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H 200 Unsable Fracture and Gross Plastic Defor mation.

201

202

203

204

Metd parts should fulfil the same requirements as givenin DNV-OS-F201 Sect. 5 H200.

Composite laminates should have a certain minimum fracture toughness to prevent unstable fracture
growth.

Laminates with al of the properties listed below have sufficient fracture toughness:

o Laminatesthat have somewhere layers with fibre directions that are at least 30 degrees gpart.

a Thethickness of layerswith fibresin one direction isless than 0.6 mm.

Layers of interwoven fibres with fibresin two directions with are a least 30 degrees apat may have
any thickness.

If 203 does not apply the notch sengitivity of alaminate shdl be at least 0.8 in dl directions. Notch
sengtivity is defined here as the strength of alaminate with notches divided by the ultimate strength. The
ratio of crack length to specimen width shdl be at least 0.375. The thickness of the notch shdl be not
more than 0.5 mm. It is recommended to test notch sengitivity with double edge notched specimens,
where notches are cut into the specimen on each sde.
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SECTION6 CONNECTORSAND LINERS
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A. General

A 100 Objective

101 This section gives requirements to connectors, components and liners. Metd parts shal fulfil al
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requirements given in DNV-OS-F201 Dynamic risers, in particular Section 6 of that standard. This
section covers composite and plastic components and gives additiond requirements for meta
components.

The am of the design isto ensure that the riser with its connectors, liner and riser components has
adequate structura resistance, leak tightness and fatigue resistance for al relevant load cases.
Resstance againgt accidentd |oads such asfire and impact shall aso be considered when gpplicable.

Risers and connectors shdl achieve the same or higher level of reliability asthe structure of which they
are part of.

All connectors, components and interfaces shall be evaluated againgt the same limit states as described
for theriser pipein Section 5.

Connectors and components made of fibre reinforced plastics can in principle be analysed and tested
the same way as a structure or component. However, some special consderations are described in the
following sections,

A 200 Definition of joint

201

Theterm "joint” is used in this section as a connection between two parts, like amechanica joint or and
adhesivejoint. It isnot used as ariser joint, describing a section of riser pipe with two end connectors.

B. Connector Designs

B 100 Functional Requirements

101

102

Riser connectors shdl alow for multiple makeup and breakout in a reliable manner. The connector may
permit for interchangesbility between connector halvesto alow riser joints to be run in any sequence.

The basic requirements given for the performance of connectorsin DNV-OS-F201 Dynamic risers
apply aso for composite risers.

B 200 Desgn and Qualification Consderations

201

202

It is recommended to make the connectors of metallic materids. If the connector is made of composite
great care should be taken to analyse the complicated stress states and stress concentrations. Through
thickness stresses away from the fibre directions tend to be critical and as a consequence through
thickness materia properties. Extensive testing is most likely needed to qudify a composite connector.

If the connector is made of metd dl requirements given in DNV-OS-F201 Dynamic risers gpply.
Specid congderation should be given for the composite metal interface between the connector and the
riser pipe, see Section C.
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C. Composite - Metal Connector Interface

C 100 General

101

102

103

104

105

The interface between the meta connector and the composite pipeisacritica part of the riser design.
Theinterface isbascdly ajoint and dl generd requirements given in F should be considered.

The fibres run usudly in acomplicated 3-D peattern at the joint. The andys's should modd the fibre
arrangement properly. In an FE-andysis, the e ements should follow the direction of the fibres.

The composite metal connector interface shal be strong enough to transfer dl loads considered for the
connector and the pipe section.

If theriser has aliner, the liner is usualy aso connected to the meta connector in some way. This
connection shdl not inhibit the functions of the liner in any way and shal be as rdiable asthe liner itsalf.

Guidance note:

The composite metal connector interfaceis typically amechanical joint. Adhesive joints may be used, but it is
difficult to demonstrate reliable long-term performance of the adhesive joint.

End of guidance note

The performance of the composite metd interface shdl be verified by testing. Minimum requirements
aegvenin G.

C 200 Limit states

201

202

203

204

205

The composite metal connector interface shdl be at least analysed for the same limit states as the riser
pipe.

A loca analyss should be carried out based on loads and boundary conditions from the globa andysis
of the riser system.

A careful analyss of dl possible failure modes shal be made. It shal be shown for al failure modes that
they either will not occur or are not critica for the performance of the riser system.

The possible mismatch of therma properties of materids shdl be consdered in the andlyss.

Internd or externa pressure on the riser system may be beneficid or detrimenta to the performance of
the joint. This effect shal be considered in the andlysis.
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Creep of any of the materids used in the joint may reduce friction, open up potentiad paths for leskage
or lead to cracks. Effects of creep shall be carefully considered.

Guidance note

It is highly recommended to design the joint in away that it also functionsif the matrix of the composite
laminate is completely degraded. In that case the joint can perform aslong asthe fibres are intact and
sufficient friction between fibres and the fibre metal interface exists. Such ajoint does not rely on the usually
uncertain long-term properties of the matrix.

End of guidance note.

Metd parts should be desgned in away that they do not yield to ensure no changes in the geometric
arrangement of the joint. If any yielding can occur anonlinear andyss shdl be done teking dl relevant
load histories and accumulated plastic deformations into account.

Possible effects of corrosion on metas and interfaces shall be evduated.

Possible gdvanic corroson between different materids shdl be consdered. An insulating layer between
the different materials can often provide good protection againgt gavanic corrosion.

Leek tightness of the joint shall be carefully evauated. In particular possible flow dong interfaces should
be analysed.

D. Inner Liner

D 100 Genera

101

102

Most composite risers have an inner liner as afluid barrier. Thisinner liner istypicaly made of metd or
polymeric materias,

It shdl be shown that the inner liner remains fluid tight throughout the design life, if it is used as afluid
barrier.

D 200 Mechanical performance

201

202

Theinner liner may contribute to the overdl siffness and strength of the riser systlem depending on its
stiffness and thickness.

Theinner liner usudly follows the deformations of the main load bearing laminate. 1t shal be shown that
the inner liner has sufficiently high srainsto fallure and yidd srains to follow al movements of the riser
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sysem.

Mismatch in thermd properties between inner liner and laminate should be considered. The mismaich
may introduce high stresses or gtrains.

The inner liner should be operated inits linear range. Neither operationd conditions nor test conditions
should bring it to yield. An exception isthe first pressure loading D300.

In addition to the requirements given here, meta inner liners and their welds shall be evduated
according to DNV-OS-F201 for drength, fatigue life, and cgpability to follow system deformations.

Polymeric inner liners, like thermaoplagtic inner liners may be evauated againgt the yield criterion in
DNV-OS-C501 Section 6 F.

D 300 Autofretage

301

302

303

304

305

It is common practice to pressurise theriser pipeinitidly at the factory to such ahigh pressure that the
inner liner yieds. After removing the pressure the inner liner will be compressed by the outer laminate.
This procedure ensures atight fit between inner liner and laminate.

Theyielding of theinner liner dso causes the welds to yidd. This may reduce stress concentrations, but
it can dso cause locd thinning around the weld. Any thickness variations in the inner liner may cause
localised yidding. The weld zone may have lower yidd strength than the main part of the inner liner.
Dueto thisthe inner liner may yield locdly close to the welds. The strainin the locdised yield region can
be very high, possibly leading to ingant rupture, lower fatigue performance, enhanced creep. Theinner
liner and itswelds shdl be analysed taking al these effects into account.

Guidance note
A small thin areain the inner liner can be worse than alarger thin area, because the inner liner may only
deform by yielding in the thin section. In that case the small thin section will have much higher strains than

the large section, if the total deformation is the same.

End of guidance note

If theinner liner materia can creep, than creep will happen especidly in the thin highly strained regions.
The effect of cregp with respect to fatigue, stress rupture and buckling should be evauated.

If theinner liner is under compression, local yielding may creete deformations resulting in loca or globa
buckling.

Inner liner specifications with respect to acceptable thickness variations, weld quality, and maximum
misaignments should be conggtent with the worst cases evaluated in the andyss.

D 400 Liner buckling
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Buckling of the liner due to hoop compression shal be considered as a potentid failure mechanism.
The following four dightly different phenomena should be consdered:
Buckling due to interna under pressure, i.e., vacuum, without externa pressure should aways be
evauated.
Buckling of the liner due to externd pressure as a consequence of compression of the main
laminate due to externa pressure. This effect should be dways eva uated.
Buckling of the liner due to externd water pressure. Thisisonly relevant if the pressure of the
outsde water can reach the outer surface of the inner liner. The laminates are usudly not pressure
tight, but the presence of an outer liner can make it pressure tight.
Explosve decompression causes a pressure to build up suddenly between the liner and the
compogite riser tube, at the same time as the pressure ingde the liner suddenly drops. This effect
can happen if gas or liquid can diffuse through the inner liner and accumulae in the interface
between liner and laminate or indde the laminate. This effect can be ignored for metd liners, snce
they are diffuson tight, provided no other diffuson path through seds etc. exists in the system.
Asaresult of the sustained internal pressure, the liner yields plastically (or undergoes creep
deformation) in tension in the hoop direction. Decompression causes the composite riser tube to
contract, compressing the liner and causing it to buckle. This effect can be prevented by using
initidly the autofretage process (D300) and by keeping the liner below yield during operation.

Possble buckling of the liner as aresult of other loading conditions on the riser shdl aso be evauated.
In particular buckling of the liner associated with bending of the riser tube as a beam should be
considered.

Buckling may be evaduated by treating the inner liner as an independent tube. Thisis avery conservative
approach, because the support of the laminate outside the liner is not considered. It may be a
convenient approach to document that the liner can withstand an internd vacuum.

When consdering ether of the effects described in 401 the tightness of the fit between the liner and the
riser tube shall be taken into account. A relevant parameter isthe liner fit parameter

Ro(liner) - R1 (riser tube)

F{) (liner)
where R, giney aNd R (riser ey @€ respectively the outer radius of the liner and the inner radius of the
riser tube in conditions where the two components are considered separately without mechanical
loading and at the temperature prevailing a the time of decompresson. The case ?> O isthat of a
tight fit such that the liner isin agate of circumferentia (hoop) compression when fitted in the riser
tube. If the liner has undergone plastic or creep deformation as aresult of the prior interna pressure
the effective vdue of ? may be different from thet at initial assembly of theriser. Thefit parameter is
aso dependent on the temperature prevailing at the time of the decompression event.

h =

The following aspects may dso have afundamentd influence and shdl be congdered when evaduating
liner buckling:

The extent to which the liner is and remains bonded to the riser tube (see dso 408). Its
recommended to treat the liner as unbonded, because it is difficult to demongtrate bonding over
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the lifetime of the riser, unless liner and laminate are made of the same materia (407).

Initial geometric out-of roundness or other unevennessin the liner (or in the inner surface of the
riser tube). In particular, alongitudina seam in aliner may have alarge effect on the buckling
resstance.

Pladtic aswdll as dadtic deformation in the liner during buckling.

The temperature & which the falure event is congdered to occur. Aswell asinfluencing the liner
fit parameter ?, the temperature in the liner materid may sgnificantly affect both its dadtic
properties and its plastic yield properties.

The mismatch of therma properties between liner and laminate

Possible degradation of the liner properties prior to the event, e.g. due to hydrolyss.

406 The buckling phenomena shall be evauated by means of non-linear analyss and/or testing in
accordance with Section 4K. In the case of non-linear analys's, an gppropriate finite eement method
shdl be applied usng contact dements a the liner/tube interface,

407 If the only difference between liner and structura laminate is that the one has reinforcement and the
other does nat, i.e., they were made of the same matrix materid, there is basicaly no interface between
liner and matrix. In this case the liner and laminate can be treated as bonded provided:

a Inner liner and laminate were not connected by a secondary bond.

o Through thickness testing (at least 3 tests) of the laminate with liner shows that the combined
materid does not fail at the connection between liner and laminate for more than 30% of the tests.

o Thecombined materid has the same strength as the through thickness strength of the laminate within
10%.

408 Specid atention shal be paid to the possibility of afluid pressure occurring between the liner and riser
tube in aregion with a debond between the two components, and a subsequent rapid growth of the
debond (Fig. 1). Thisisessentialy a problem involving bending of the liner combined with growth of a
crack at the interface and is not a buckling problem as such.

Region of initid debond

Liner

Riser tube

Fig. 1 Possible fluid pressure build-up in the interface between liner and riser tube causing rapid growth of
initia debond.
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D 500 Liner composteinterface

501

502

503

504

505

506

507

508

The liner may be bonded to the composite laminate or it may be unbonded.
A different layer of materid may aso be placed between the laminate and the liner.

All possible failure modes of the interface and their consegquence to the performance of the system shal
be evauated.

If abond is required between laminate and liner, for example to obtain good buckling resistance of the
liner, the performance of the bond shdl be tested G500.

If interfaces only touch each other friction and wear should be considered (DNV-OS-C501 Section
6M).

Fluids may accumulate between interfaces. They may accumulate in voids or debonded areas and/or
break the bond of the interface. The effect of such fluids should be andysed. Possible effects of rapid
decompression of gases should be considered.

If the laminate may have matrix cracks, but the liner shal not crack (or vice versa), it shdl be shown
that cracks cannot propagate from one subsirate across the interface into the other substrate. Possible
debonding of the interface due to the high stresses at the crack tip should aso be considered.

It is recommended to demonstrate by experiments that cracks cannot propagate across the interface
from one subgtrate to the other. It should be shown that by stretching or bending both substrates and
their interface that no cracks form in the one substrate even if the other substrate has the maximum
expected crack dengity.

Guidance note

A weak bond between the substratesis beneficial to prevent crack growth across the interface. However, it
means that debonding may happen easily.

End of guidance note.
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D 600 Liner toend connector interface

601

602

603

604

605

All requirements of Section D gpply.
The interface will be exposed to pressure, axid, and bending |oads.
Fuid tightness of the liner connector interface shall be carefully insured.

Specid attention shal be given to welds or sedl's, ensuring that the different movements of end
connector and liner can be followed.

Aspectsrelated to joints in genera, Section G, should aso be considered.

D 700 Wear and tear

701

702

703

704

It should be demondtrated that the liner materid could withstand the operating conditions with respect
to wear and tear.

Wear and tear should never destroy the fluid tightness of the liner.

It may be good practice to add extrathickness to the liner or to provide a separate layer for wear and
tear protection.

Theinner liner should be strong enough to withstand possible shear, scraping and torsond |oads from
equipment running indde riser. Thisis particularly important for drilling risers.

DET NORSKE VERITAS RI06_1230-AE.DOC



Project Recommended Practice for Composite Risers, January 2002
Section 6, Page 10 of 19

E. Outer liner

E 100 Genera

101 Anouter liner isusudly gpplied for keeping out externd fluids, for protection from rough handling and
the outer environment and for impact protection.

102 If no outer liner is applied the outer layers of the laminate have to take the functions of the outer liner.

103 The outer liner materid shal be chosen that it isresstant to the externa environment, e.g., seawater
temperature, UV etc.

104 If the outer liner is exposed to UV radiation in service or during storage, it should be UV resgtarnt.

E 200 Mechanical performance
201 Outer liners are not exposed to autofretage. They should be kept below yielding.

202 Resigance of the outer liner to handling and the externa environment shal be considered. The outer
liner may get some dameage from handling, but the structura layer underneath should not be effected.

203 If the outer liner shall ensure that no water comes into the laminate and the inner liner does not have to
be andysed for collgpse under externa water pressure the outer liner should meet the following
requirements:

o  Theouter liner must be watertight.

m] It should be demonstrated that no path exist for the water to flow into the laminate. The sedls at
the end of the outer liner, usually againgt the end connector should be carefully evauated.

o Water tightness should be demongrated even when some externa damage from handling is
present.

m] It is recommended to gpply an extralayer for protection againgt handling.

204 The performance requirements to the outer liner should not be effected by a possible impact scenario.

F. Joints of materials or components - general aspects

F 100 Analyssand testing
101 The same design rules as applied for the rest of the structure shall be applied to joints, as relevant.

102 Joints are usudly difficult to evauate, because they have complicated stressfieds and the materid
properties at the interfaces are difficult to determine.
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103 Joints may be designed according to three different approaches:

- Ananayticd gpproach, i.e. the dress/srain leves a dl rdevant parts of the joint including the
interface are determined by means of a stress anadlyses (e.g. a FEM-andyses) and compared with the
relevant data on the mechanica strength.

Design by qudification testing only, i.e. full scale or scaled down samples of thejoint are tested under
relevant conditions such that the characteritic strength of the complete joint can be determined.

A combination of an anaytical approach and testing, i.e. the same gpproach specified in DNV-OS
C501 Section 10C for updating in combination with full scale component testing.
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104 The options marked in Table 6-1 may be used for the different types of joints.

Type of joint Analytica gpproach Qudification tegting Anayses combined with
testing (updating)

Laminated joint X X X

Adhesvejoint X X

Mechanicd joint X X

105

106

107

108

109

110

111

Table 6-1 Design approaches for different categories of joints

Thelevd of dl dress (drain) componentsin al relevant areas of the joint, including stress
concentrations, shal be determined according to the same procedures as specified for the rest of the
dructure. Specia emphasis shdl be put on possible stress concentrations in the joint. It shall be
recognised that the stress concentrations in the redl structure may be different than determined through
the andyses due to eg. smplifications made, effects of FEM-meshing etc.

An andyticd andyssis sufficient, if the stressfield can be determined with sufficient accuracy, i.e., dl
stress concentrations are well characterised and aload modd factor gsq can be clearly defined. In Al
other cases experimentd testing according to DNV-OS-C501 Section 10 shal be carried out to
confirm the analysis.

If the materia properties, especialy of the interface cannot be determined with sufficient accuracy,
experimenta testing according to DNV-OS-C501 Section 10 shdl be carried out. Scaled testing may
be possible, as described in F200.

Long term performance of ajoint may be determined based on long-term materids data, if aclear link
between the materiad properties and joint performance can be established. The requirements of 102 and
103 dso goply for long term performance.

The load cases should be andysed with greet care for joints. Reatively smdl loadsin unfavourable
directions can do great harm to ajointed connection. Especidly loads due to unintended handling, like
bending, stepping on ajoint etc. should not be forgotten.

Joints may be andlysed by testing done as described in DNV-OS-C501 Section 10B.

The mogt practical gpproach islikdly to use acombination of andysis and tesing. Snce alarge
conservative bias may be necessary in the andyss to account for the many uncertaintiesin ajoint desgn
it is recommended to use the updating procedures of DNV-OS-C501 Section 10C400 to obtain a
better utilisation of the joint. The purpose of this gpproach is to update the predicted resstance of the
joint with the results from alimited number of testsin a manner congstent with the rdiability approach of
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the guiddine.

F 200 Qualification of analyss method for other load conditionsor for scaled joints

201 If anandysis method predicts the tested response and strength of ajoint based on basic independently
determined materid properties according to DNV-OS-C501 Section 10C, the analysis works well for
the tested load conditions. The same andysis method may be used:

a For the same joint under different load conditions, if the other load conditions do not
introduce new stress concentrationsin the andysis.
a For ajoint that is smilar to an aready qudified joint, if al loca dress concentration points are

amilar to the dready qudified joint and dl materid properties are known independently.

202 Locd dress concentrations are Smilar if theloca geometries of the two joints and the resulting stress
fields at these local points can be scaed by the same factor.

203 Anandysis method that predicts the test results properly but not entirely based on independently
obtained materids data can only be used for other load conditions or joint geometriesif it can be
demondtrated that the materia vaues that were not obtained by independent measurements can dso be
gpplied for the new conditions.

F300 Multiplefailure modes

301 Mo joint designs can fall by various failure modes. All possible failure modes shdl be carefully
identified and andysed. See DNV-OS-C501 Section 10D.

F 400 Evaluation of in-service experience
401 In service experience may be used as experimentd evidence that ajoint functions well.

402 Thisevidence shdl only be usad if the load and environmenta conditions of the in-service experience
can be clearly defined and if they match or are conservative for the new application.

403 Materia properties of the joints to be compared should be smilar. The andysis method should be able
to address dl differences between the joints according to B100 and 200.

F 500 Laminated Joints

501 Laminated jointsrely on the strength of the interface for load trandfer. The interface has resn dominated
strength properties. Defects in the interface tend to be more critica than defectsin the interface of plies
of laminate, because the joint interface is the only and critica load path.

502 The drength of the joint may be different from the through thickness matrix properties of the laminate,
because the joint may be aresin rich layer and the joint may be gpplied to an dready cured surface

DET NORSKE VERITAS RI06_1230-AE.DOC



503

504

505

Project Recommended Practice for Composite Risers, January 2002
Section 6, Page 14 of 19

ingtead of awet on wet connection. (see manufacturing). The strength of the joint should be
documented.

Laminated joints are very sendtive to pedl conditions. Ped siresses should be avoided

For the interface between the joining laminates the matrix design rules given in Section 5 gpply. The
resstance of the interface shal be determined with the same level of confidence as specified in section
4 A600. It shdl be recognised that the resstance of the interface between the laminates may not be the
same as the corresponding resistance parameter of the joining laminates. Resin rich layers may even
have to be andysed by different fallure criterig, eg., theyidd criterionin section 6 F.

The laminates themsdlves, including possible overlaminations, shall be andysed like regular laminates.

F 600 AdhesvelJoints

601

602

603

604

605

606

607

All issuesrelated to laminated joints also apply to adhesivejoints.

Geometrica detalls should be clearly specified, especidly at points of stress concentrations like the
edges of the joints.

The relationship between dl dastic congtants of both substrates and the adhesive should be carefully
consdered. Mismatches may introduce stresses or strains that can cause failure of the joint.

Thermal stresses should be considered.

Long term performance of adhesive should be established with great care. The long-term performance
is not only influenced by properties of the subgtrate, the adhesive and the interface, but aso by the
surface preparation and application method.

Relevant long-term data shal be established exactly for the combination of materids, geometries,
surface preparation and fabrication procedures used in the joint.

An adhesive joint may dso introduce loca through thickness stresses in the composite laminate that can
leed to failure ingde the laminate in the joint region.

F 700 Mechanical Joints

701

702

703

704

Mechanica joints are often very sensitive to geometrical tolerances.
Creep of the materials shdl be consdered.

The pretension of bolted connections shall be chosen by considering possible creep of the materia
under the bolt.

It is preferred to design the joint in away that its performance is independent of the matrix. Thisway
matrix cracking or degradation of matrix properties are not important for the performance of the joint.

G. Test requirements
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101 Dueto the uncertaintiesin designing connectors and liners some testing is required to confirm predicted

performance.

102

Testing should be done whenever uncertainties in the andlysis cannot be resolved. These uncertainties

may be related to the structurd analys's, boundary conditions, modelling of loca geometry, materid
properties, properties of interfaces, etc. The procedure given in DNV-OS-C501 should be followed

for tedting.

103

The predicted performance of the Composite Meta connector Interface CMI and the resistance of the

riser to externa pressure shdl be confirmed by testing. Minimum test requirements are given in Table 6-

1

Table 6-1: Summary of test requirements
Design Phase High safety class Normal safety class Reference
Axid test / pressure test 1 test to fallure 1 test to falure G200
Axid or bending faigueof | 2 teststo 5x actua number | 1 test to 5x actud number | G300
CMI of cyclesor surviva test to | of cyclesor surviva test to
about 100000 cycles about 100000 cycles
Stress rupture test of CMI if | 2 teststo 5x actud lifetime | 1testto 5x actud lifetime | G400
matrix properties are critica | or surviva test to about or surviva test to about
or fibres can creep 1000 hours 1000 hours
If theinner liner isbonded to | Test bond between liner Test bond between liner G500
the laminate and laminate and laminate
Externa pressure test Use specimen after fatigue | Use specimen after fatigue | G500
test and expose to test and expose to
maximum externa pressure | maximum externa pressure
If impact requirement Impact tests Impact test Section 5 F300-
500
After fabrication
Pressure test Test to agiven internd Tegs to agiven internd Section 5 A300
pressure pressure
for each riser component for each riser component

104 Testing may be done at room temperature and with water as a pressure medium if the effect of
temperature changes and fluid changes can be well described. If the effect of changing the
environmenta conditions is uncertain, testing should be carried out in the worst conditions.
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G 200 Axial/Pressuretest of riser with composite metal interface

201

202

203

One axid tensletest to failure shall be carried out. The axid tensile test can be replaced by a pressure
test if the axial load created by the pressure test exceeds the maximum service load of theriser.

The failure load or pressure should be at least the predicted m+ 2s for high safety classand m s for
norma safety class, where misthe mean prediction and s is one standard deviation of the predicted
load. If more than one test is done the requirements are given in DNV-OS-C501 Section 10C200.

If the performance of the CMI is very dependent on the internd pressure it should be evduated if axid
testing with and without interna pressure is required to demongtrate the performance of the CMI. The
evauation should be based on how well the strength can be predicted by modelling for the two
conditions.

G 300 Cycdlicfatiguetesting for end fittings and composite metal interface

301

302

303

Fatigue testing should be performed in axid tension or in bending. The most relevant test should be
found by evauaing the desgn andlyss.

For high safety dass at least two survivd tests shdl be carried out. The specimen should not fail during
the surviva test and it should not show unexpected damage. The requirements to the testing are:

o  Tedtsshould be carried out up to five times the maximum number of design cycleswith redidtic
amplitudes and mean |loads that the component will experience.

o If theanticipated lifetime exceeds 10° cycles testing up to 10° cydes may be sufficient. The load
levels should be chosen such that testing of the two specimens is completed after a least10* and
10° cydes respectively. The two test results shdl fal within m 2s of the anticipated number of
cyclesto falure, where mis the mean prediction and s is one standard deviation of the predicted
lifetime. If more tests are made the requirements are given in DNV-OS-C501 Section 4H806.

For normd safety class at least one surviva test shall be carried out. The specimen should not fail during
the surviva test and it should not show unexpected damage. The requirements to the testing are:

o  Tedtsshould be carried out up to five times the maximum number of design cycleswith redidtic
amplitudes and mean loads that the component will experience.

o If theanticipated lifetime exceeds 10° cycles testing up to 10° cydes may be sufficient. The load
levels should be chosen such that testing of the two specimens is completed after a least10* and
105 cydes respectively. The test results shdl fdl within m s of the anticipated number of cycles
to failure, where mis the mean prediction and s is one standard deviation of the predicted
lifetime. If more tests are made the requirements are given in DNV-OS-C501 Section 4H806.
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For low safety classlong term testing is not required.

The sequence of the failure modes in the test shall be the same as predicted in the design. If the
sequenceis different or if other failure modes are observed, the design shall be carefully re-eva uated.

Fatigue tests should be carried out with atypica load sequence or with congtant load amplitude. If a
clearly defined load sequence exigts, load sequence testing should be preferred.

In some cases high amplitude fatigue testing may introduce unredidtic faillure modes in the sructure. In
other cases, the required number of test cycles may lead to unreasonable long test times. In these cases
an individud evauation of the test conditions should be made thet fulfils the requirements of 302 or 303
asclosdy aspossible.

Additiona tests may be required if resstance to afailure mode cannot be shown by andysis with
aufficient confidence and if thisfailure mode is not tested by the tests described above.

G400 Stressrupturetesting for end fittings and composite metal interface

401

402

403

Only if the performance of the meta composite interface depends on matrix properties or adhesives, or
if the fibresin the laminate can creep, long term dtatic testing should be performed. Two survivd tests
should be carried out for high safety class applications and one survivd test for norma safety class
goplications. If it can be shown that the CMI keepsits strength if the matrix in the laminateis cracked
and degraded and the fibres do not creep, long term Static testing is not required.

For high safety dass at least two survivd tests shdl be carried out. The specimen should not fail during
the surviva test and it should not show unexpected damage. The requirements to the test results are:

o  Tedtsshould be carried out up to five times the maximum design life with redistic mean loads that
the component will experience.

a If the anticipated lifetime exceeds 1000 hours testing up to 1000 hours may be sufficient. The
load levels should be chosen such that testing is completed after 103 hours. The two test results
gl fdl within m 2s of the anticipated lifetime, where mis the mean prediction and s isone
sandard deviation of the predicted lifetime. If more tests are made the requirements are given in
DNV-OS-C501 Section 4H806.

For norma safety class at least one survival test shdl be carried out. The specimen should not fall during
the surviva test and it should not show unexpected damage. The requirementsto the test results ares

o  Tessshould be caried out up to five times the maximum design life with redistic mean loads that
the component will experience.

] If the anticipated lifetime exceeds 1000 hours testing up to 1000 hours may be sufficient. The
load levels should be chosen such that testing is completed after 108 hours. The two test results
dhdl fdl within m s of the anticipated lifetime, where mis the mean prediction and s isone
sandard deviation of the predicted lifetime. If more tests are made the requirements are given in
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DNV-0OS-C501 Section 4H806.

For low safety classlong term testing is not required.

The sequence of the failure modes in the test shall be the same as predicted in the design. If the
sequenceis different or if other failure modes are observed, the design shall be carefully re-eva uated.

Stress rupture tests should be carried out with atypica |oad sequence or with a constant load. If a
clearly defined |oad sequence exigts, load sequence testing should be preferred.

G 500 Inner liner test requirements

501

502

503

If the design relies on a bond between liner and composite laminate, the quality of the bond shdl be
tested. Tests can be done on the pipe or representative smaler specimens. If the laminate may have
cracks, but the liner not, the requirementsin D507 should be considered

If the riser may be exposed to externa pressures its resistance to buckling should be tested. The test
shdl be carried out by goplying maximum externa pressure to theriser. The riser and liner shdl be
produced with controlled and representative tolerances. Testing shal be carried out according to the
requirementsin DNV-OS-C501 Section 10. Externd pressure testing shdl be carried out on test
specimens that have previoudy been exposed to high loads and have devel oped representative
degradation of materid properties. The fatigue tests specified in G200 can most likely aso be used to
introduce representative damage.

Testing of abent riser under externd pressure should be considered if:

a If the riser can be bent in service and this bending could reduce the resstance to internal pressure
(e.g. dueto ovalisation).

a If the effect of ovaisation on the buckling resistance cannot be predicted by calculations with
sufficient confidence.

G 600 Specimen geometry - Scaled Specimen

601

602

603

604

The specimen geometry for testing may be chosen to be different from the actua under certain
conditions.

Specimens may be shorter than in redity. The free length of the riser pipe between end-fittings should
be at least 6 diameters.

Most test specimens have ardevant CMI at both ends of the riser pipe. In this case testing one riser
pipe with two CMIs can be used to fulfil the requirement of two surviva tests for the CMI, provided
both CMIs are exposed to the same |oading conditions.

Scaled specimens may be used if andytica calculations can demondtrate that:
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a All critical stress states and locdl stress concentrations in the joint of the scaled specimen and the
actud riser aredmilar, i.e, al sresses are scaled by the same factor between actud riser and test

specimen.

o Thebehaviour and falure of the specimen and the actud riser can be caculated based on
independently obtained materid parameters. This means no parametersin the andysis should be
based on adjustments to make large scale datafit.

a The sequence of predicted failure modesis the same for the scaled specimen and the actud riser
over the entire lifetime of theriser.

o Anandyssmethod that predicts the test results properly but not entirely based on independently
obtained materias data, may be used for other joint geometries. In that case it should be
demondtrated that the materid values that were not obtained by independent measurements can
aso be gpplied for the new conditions.

605 Tedson previousrisers may be used astesting evidenceif the scaling requirement in 604 isfulfilled.
Materias and production process should also be identica or smilar. Smilarity should be evaluated
based on the requirementsin DNV-OS-C501 Section 4.
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SECTION7 MATERIALS

SECTION T MATERIALS. ... .ot e e e e e e eeeeeeeeeeeeseeennnseeennnsseeennnneeeennnnnns 1

A. GENERAL -« et ettt et e e e et e e e e et e e e e e e e e e e e e e e e e e eee e e eeee e eeeeeneeeeaneeeran—reeraaraeraaaaara——_ 1

A 100 L] =0 1/ =T 1

A 200 MATERIAL DESCRIPTION &tvtutettuitttutsesestsusetsssesssessssesesssnsstsssess sttt 1
A. General

A 100 Objective

101 This section specifies the requirements for materias, manufacture, fabrication and documentation of
riser pipe, components, equipment and structurd itemsin the riser system, with regard to the
characterigtic properties of materials. The requirements are relevant both for pressure containing and for
load carrying parts.

A 200 Material Description

201 The materids sdlected shdl be suitable for the intended use during the entire service life. The materids
for usein the riser system shdl have the dimensions and mechanica properties, such as srength,

ductility, toughness, corrosion and wear resistance, necessary to comply with the assumptions madein
the design.

202 The materids selected shdl be suitable for the intended use during the entire service life. The materids
for usein the riser system shdl have the dimensions and mechanica properties, such as srength,

ductility, toughness, corrosion and wear resistance, necessary to comply with the assumptions madein
the design.

203 Composite materia properties shall be described and tested as given in DNV Offshore standard for
composite components DNV-OS-C501 Section 4.

204 Metd properties shall be described and tested as given in DNV Offshore standard for dynamic risers
DNV-OS-F201.

205 Titanium parts should be described and tested as given in DNV-RP-F201 "Titanium Risers'.
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SECTION8 DOCUMENTATION AND VERIFICATION

A. General

101 All requirements given in DNV-OS-F201 apply also to composite risers.
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SECTION9 OPERATION, MAINTENANCE, REASSESSMENT,

REPAIR
SECTION9 OPERATION, MAINTENANCE, REASSESSMENT, REPAIR ..ot 1
A GENERAL ... .ceteettttte e et e e e e ettt e e e e e e e et ettt e eeeeesee e st aa e aeeeeseassaaaa e eeeeees st sann s aaeeseessssannaseeaseesssrannaaeaenes 1
A 100 (@ =N =0 1 1V =P PUPUPTR 1
B. IN-SERVICE INSPECTION, REPLACEMENT AND M ONITORING ......cccitivtiiieeeieeeeeeerriieeeeeeeeeeessannaeeeeeens 1
B 100 (€N 7Y 1
B 200 INSPECTION METHODS. ... i iiiieittttieeeeeeeeeeettt e e e eeeeseessaba e eaeeesesestsaa e seeeseeesstanaaeeeseeessrnnnaaaaeeees 1
C. SIS =SS Y 1 = N PP 2
C 100 L= ] o USRI 2
D. A | = PRSPPI 2
D 100 REPAIR PROCEDURE. ... ... eeiitittttttaeeeeeeseeetttaaaeeeeeseessstasa s aeaesseesstaaasaeaeesersttsaneeaeesersrsrnnaaaeeeees 2
D 200 REQUIREMENTS FOR A REPAIR ....iiitttieeitttieeestaseseetassessssassesessassessssassssessassasssssssesresnsseerssnsrenees 3
D 300 QUALIFICATION OF A REPAIR ...cttttettitutttttettaaeessaauttteeeaaeeesaaansssaseeeeasessaasssseneeaaessaaanssssnneeeeessnans 3
A. General

A 100 Objective

101 The objective of this section is to provide requirements for operation and in-service ingpections. This
section aso provides generd guidance on structurd integrity assessment of risers to demondrate fitness
for purpose in case deviations from design gppear during operation.

B. In-service I nspection, Replacement and Monitoring

B 100 General
101 Therequirements for compogte risers are the same as given in DNV-OS-F201 Dynamic Risers.

102 Some specid considerations apply for ingpection methods.

B 200 Ingpection methods

201 |If theriser is designed according to this document and if the predicted time to failure divided by the
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fatigue safety factor from Section 5 islonger than the intended service life, ingpection is not expected to
be necessary and need not be included in the in the operation and maintenance documents. However, if
the intended service life is exceeded or if load or environmental conditions were worse than planned,
then the component should be inspected and refurbished if necessary or replaced.

202 Available ingpection methods can often not detect al critical failure mechanisms. However, the methods
may detect preceding failure mechaniams. A link between detectable failure mechanisms and critica
failure mechanisms shall be established.

203 In many cases a complete ingpection programme cannot be developed due to the limited capabilities of
avallable NDE equipment. In that case the following dternatives may be used:

204 Inspection of components during or right after manufacturing may be replaced by well documented
production control.

205 Ingpection to detect damage due to accidenta loads or overloads may be compensated for by
monitoring the loads and comparing them to the design loads.

C. Reassessment

C 100 General

101 Therequirements for composite risers are the same as given in DNV-OS-F201 Dynamic Risers. The
only exception are references to corrosion allowance. These are not relevant for composite
materials.

D. Repair

D 100 General

101 Thissection gppliesto repairs of defects that influence the structurd integrity or afunctiona
requirement, e.g. tightness.

102 Cosmetic, non-structura and non-functiond repairs do not need to be qudified.

D 200 Repair procedure

201 A repair procedure shall be given for each component.

202 A repair shdl restore the same leve of safety and functiondity asthe origina structure, unless changes
are accepted by al partiesin the project.

203 An acceptable repair solution isto replace the entire component if it is damaged. This approach
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requires that the component can be taken out of the system.

204 It may aso be acceptable to keep a component in service with a certain amount of damage without
repairing it. The size and kind of acceptable damage shal be defined and it must be possible to inspect
the damage. The possible damage shdl be consdered in the design of the Structure.

205 If locd damage may happen to the structure detailed procedures to repair such anticipated damage shall
be given.

206 If the damageis due to an unknown loading condition or accident, an analysis of the damage Situation
shdl be carried out. The andyss shdl identify whether the damage was due to adesgn mistake or an
unexpected load condition. If the unexpected load may reoccur adesign change may be required.

D 300 Requirementsfor arepair

301 A repar should restore the stiffness and strength of the original part. If the stiffness and/or strength
cannot be restored, the performance of the component and the total system under the new conditions
shdl be evauated.

302 It shdl be documented that loca reduction in strength may not be critical for the total performance of
the structure.

D 400 Qualification of a repair

401 A repar isbascdly ajoint introduced into the structure. The repair shdl be qudified in the same way as
ajoint (see Section6b).

402 Therepar procedure used to qualify the joint shdl aso be gpplicable for each particular repair Stuation.

403 Suitable conditions for repair work shal be arranged and maintained during the repair. Thisis
mandatory, irrepective of whether the repair is carried out on Ste or esawhere. If suitable conditions
cannot be arranged and maintained on site, the component should be moved to amore suitable site,
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