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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elect

rotechnical standardization.
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Introduction

The objective of this International Standard is to ensure that pipework, pipelines, tanks, and vessels
repaired using composite systems that are qualified, designed, installed, and inspected using this
International Standard will meet the specified performance requirements. Repair systems are designed
for use within the petroleum, petrochemical, and natural gas industries and also within utility service
applications. The main users of this International Standard will be plant and equipment owners of the
pipework and vessels, design contractors, suppliers contracted to provide the repair system, certifying
authorities, installation, maintenance, and inspection contractors.
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Petroleum, petrochemical and natural gas industries —
Composite repairs for pipework — Qualification and
design, installation, testing and inspection

1 Scope
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Normative references

International Standard gives requirements and recommendations for the qudlif
n, installation, testing, and inspection for the external application of composite repai
ded or damaged pipework, pipelines, tanks, and vessels used in the petroleum,petroc}
Fal gas industries.

following documents, in whole or in part, are normatively referefniced in this docunj
pensable for its application. For dated references, only the €edition cited applies. |
ences, the latest edition of the referenced document (includiig any amendments) appl

[5-3, Plastics — Determination of temperature of deflection under load — Part 3: H
hosetting laminates and long-fibre-reinforced plastics

27-1, Plastics — Determination of tensile properties:— Part 1: General principles

b27-4, Plastics — Determination of tensile. properties — Part 4: Test conditions for i
tropic fibre-reinforced plastic composites

B68, Plastics and ebonite — Determination of indentation hardness by means of (
re hardness)

0952, Plastics piping systems.— Glass-reinforced thermosetting plastics (GRP) pipes arn
rmination of the resistance-to-chemical attack for the inside of a section in a deflected con

1357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of gla
erature and glass transition step height

1359-2, Plastiess=~ Thermomechanical analysis (TMA) — Part 2: Determination of coeffid
hal expansiofivaiid glass transition temperature

4692, Petroleum and natural gas industries — Glass-reinforced plastics (GRP) piping

1 G581, Standard Practice for Determining Chemical Resistance of Thermosetting Resins [

ication and
I systems to
hemical, and

ent and are
For undated
es.

igh-strength

botropic and

durometer
d fittings —
dition

ss transition

ient of linear

Ised in Glass-

Reinf

orced Structures Intended for Liquid Service

ASTM D543, Standard Practices for Evaluating the Resistance of Plastics to Chemical Reagents

ASTM D696, Standard Test Method for Coefficient of Linear Thermal Expansion of Plastics Between Minus

30°C

and 30°C with a Vitreous Silica Dilatometer

ASTM D1598, Standard Test Method for Time-to-Failure of Plastic Pipe under Constant Internal Pressure

ASTM D1599, Standard Test Method for Resistance to Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings

ASTM D2583, Standard Test Method for Indentation Hardness of Rigid Plastics by Means of a Barcol Impressor

ASTM D2992, Standard Practice for Obtaining Hydrostatic or Pressure Design Basis for Fiberglass (Glass-
Fiber-Reinforced Thermosetting-Resin) Pipe and Fittings
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ASTM D3039, Standard Test Method for Tensile Properties of Polymer Matrix Composite Materials

ASTM D3165, Standard Test Method for Strength Properties of Adhesives in Shear by Tension Loading of
Single-Lap-Joint Laminated Assemblies

ASTM D3681, Standard Test Method for Chemical Resistance of Fiberglass (Glass-Fiber-Reinforced
Thermosetting Resin) Pipe in a Deflected Condition

ASTM D5379, Standard Test Method for Shear Properties of Composite Materials by the V-Notched Beam

Method

ASTM D6604, Standard Practice for Glass Transition Temperatures of Hydrocarbon Resins by Differential

Scanning Ca

ASTM ES83
Thermomec

ASTM E164
Mechanical 4

ASTM E20

orimetry

1, Standard Test Method for Linear Thermal Expansion of Solid Material
hanical Analysis

0, Standard Test Method for Assignment of the Glass Transition Temperature by Dyn
\nalysis

D2, Standard Test Method for Distortion Temperature in <Fhree-Point Bending

Thermomechanical Analysis

ASTM G8, St
BS 7910, Gu

EN 59, Meth
Barcol impr4

andard Test Methods for Cathodic Disbonding of Pipeline Codtings
de to methods for assessing the acceptability of flaws inmetallic structures

ods of testing plastics — Glass reinforced plastics —<Measurement of hardness by mean
ssor (BS 2782-10, Method 1001, Measurement of hardness by means of a Barcol impresser

EN 1465, Adhesives — Determination of tensile lap sheai~strength of rigid-to-rigid bonded assemblies

3 Terms

For the pury

31
anisotropic
exhibiting d

3.2

and definitions

oses of this document, the following terms and definitions apply.

ifferent physical propeérties in different directions

Barcol hardness

measure of

3.3
blister
air void bety

surface hardness using a surface impresser

T

by

b

amic

j by

5 of a

veéen'layers within the laminate visible on the surface as a raised area

34
composite

thermoset resin system that is reinforced by fibres

3.5
crack

split in the laminate extending through the wall (perpendicular to the surface) such that there is actual
separation with opposite surfaces visible

3.6
cure
curing

setting of a thermosetting resin system, such as polyester or epoxy, by an irreversible chemical reaction
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3.7
cure schedule
time-temperature profile qualified to generate a specified Ty or HDT

3.8

defect type A

defect within the substrate, not through-wall and not expected to become through-wall within the
repair design lifetime of the repair system

39
defect type B
la. 1 Jdof do.E, silas 1o 1o Lo L. pa | £ 3 1iE, L. L
thro rEI-wWatt tretector-aaerectwitnite-stuostrate-wnereattne-enaorservicere-tneret aimning wall

thicKness is less than 1 mm

3.10
defined lifetime
actual application or service lifetime of the repair

3.11
delamination
area|between the repair laminate and the substrate which should he*bonded together bit where no
bond exists, or an area of separation between layers in the repairlaminate

3.12
design lifetime
maximum application lifetime of the repair

3.13
diffgrential scanning calorimetry
DSC
metHod of determining the glass transition temperature of a thermosetting resin

3.14
dry §pot or un-impregnated/dry fibre
areaof fibre not impregnated with resin, with bare, exposed fibre visible

3.15
engipeered repair
repalr which has been designed and applied under a specified, controlled process so thdt under the
design conditions, there-s a high degree of confidence that the repair will maintain its integrity over
the design lifetime

3.16
expased fibre
area of fibre:not impregnated with resin that projects from the body of the repair

3.17
foreign matter
any substance other than the reinforcing fibre or other materials that form part of the repair system

3.18
finishing materials
final layer of material to help compact the repair laminate, typically a polymeric film or a fabric

Note 1 to entry: They should be fully removed after the repair has hardened and before the repair is
inspected or painted.

3.19
glass transition temperature
temperature at which a resin undergoes a marked change in physical properties

© IS0 2015 - All rights reserved 3
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3.20
hardener

:2015(E)

component added to a thermosetting resin to effect cure

3.21

heat distortion temperature

HDT

temperature at which a standard test bar deflects by a specified amount under a given load

3.22
installer

person who

3.23
filler mater
material usd

3.24
laminate

repair laminate

part of a reg

Note 1 to ent
layers which

3.25
layer
individual 14

3.26
leak
condition of]
(composite)

Note 1 to ent

3.27
occasional
load that oc

Note 1 to enf
duration is le

3.28
owner

organizatiop thatlewns or operates the substrate to be repaired

; Lifiad s ] it : +
o YYudalilitu tu dpply da CUILLIPDUSILTC T TPAIl Oy oltlll

ial
d to repair external surface imperfections prior to the application of the composite lam

air system that is the composite

ry: Most composites considered in this International Standard at€ composed of discrete lami
are wrapped or stacked, one on top of the other. This stackedonstruction is the laminate.

yer or wrap within the composite laminate

a substrate wall that can allow the contents to make contact with and act directly upo
repair laminate

Fy: This does not refer to a fluid leaking through a hole or breach in the substrate.

Joad
Curs rarely and duringa-short time

ry: Occasional lodds typically occur less than 10 times in the life of the component and each
ss than 30 min,

inate

na or

n the

load

3.29

pin hole
pin-prick ho

3.30
pipeline

le in the resin rich surface, not extending into the laminate

pipe with components subject to the same design conditions used to transport fluids between plants

Note 1 to entry: Components include bends, flanges, valves.

3.31
pipework
interconnec

ted piping subject to the same set or sets of design conditions
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3.32

piping

piping system

assemblies of piping components used to convey fluids within a plant

Note 1 to entry: Components include pipe, fittings, flanges, gaskets, bolting, valves. A piping system is often
above ground but sometimes buried.

3.33
pit
depression in the surface of the laminate

3.34

ply
single wrap or layer (lamina) of a repair laminate

3.35
post|cure
additional elevated-temperature cure applied after resin has hardened to €nsure the required glass
trangition temperature is achieved

3.36
quallrfication application procedure
application procedure used to apply the repair system for therqualification tests

3.37
qualjfication test temperature
test femperature at which qualification testing of thelrepair system is performed

3.38
reinforcement
fibrelembedded in the resin system

Note|1 to entry: Possible fibre materials”include aramid, carbon, glass, polyester, or similpr materials.
Reinflorcement results in mechanical properties superior to those of the base resin.

3.39
repalir system
system comprised of the substrate, composite material (repair laminate), filler material, adhesive and
including surface preparation and installation methods, used for repair of pipework

3.40
repalir system installer
company thatinstalls the repair system

3.41
repalir
compa

system supplier

3.42
resin system
all of the components that make up the matrix portion of a composite

Note 1 to entry: Often this includes a resin, filler(s), pigment, mechanical property modifiers and catalyst or
hardener.

3.43

risk

event encompassing what can happen (scenario), its likelihood (probability), and its level or degree of
damage (consequences)

© IS0 2015 - All rights reserved 5
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3.44
substrate

:2015(E)

surface on which a repair is carried out

Note 1 to entry: The surface may belong to original pipework, pipework component, pipeline, tank, or vessel.

3.45
supervisor

experienced installer who is qualified by successfully completing the supervisor training course

3.46
Shore hard

£SS

measure of

3.47
thermoset

burface hardness using a surface impresser or durometer

Fesin system

resin system that cannot be melted or remoulded following polymerization

e or distinctridge in the laminate where the reinforcing fabric has.créased during applic

)ls and abbreviated terms

ols
lermal expansion coefficient of substrate

lermal expansion coefficient of the repair laminate for either the axial or circumferent]
rections

ack length

iginal external diameter

iginal external branch, tée,/nozzle diameter

ameter (or diameter‘of the equivalent circle) of the through-wall defect
fference between operation and installation temperatures

nsile modulus of the composite laminate in the circumferential direction

nsilemodulus of the composite laminate in axial direction

htion

ial

c¢mbined tensile modulus JEE,

3.48

wrinkle

wavy surfad

4 Symbg

4.1 Symbh

s th

ac th
d

c cy

D 0

Dy 0

d d

AT d

E. tq

E, t6

Eac

Es

&c ci

€co

€a

€a0

Olt

6

tensile modulus of substrate

rcumferential design strain

allowable circumferential strain
axial design strain
allowable axial strain

lower confidence limit of the long-term strain determined by performance testing
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&t thermal strain

Eshort short-term failure strain of the composite laminate

Fax applied axial load

Feq equivalent axial load

Fsh applied shear load

fe service factor for cyclic fatigue

/o degradation factor for the long-term performance of repairs to through-wall def¢cts
fleak service factor for repairs to through-wall defects

Sperf service factor for performance data

fth,overlay repair thickness increase factor for reduced available overlap length

fth,sttess  repair thickness increase factor for piping system or vessel component

fT1 temperature de-rating factor for composite laminate alfowable strains

fT2 temperature de-rating factor for through-wall defect repair design

0] angle subtended by axial slot

G shear modulus of the composite laminate\y toughness parameter (energy releasq rate) for

the composite laminate, steel interfacg

Ysoild specific weight of soil

h burial depth

I second moment of area

| total axial length of repair

lavailhble available landing’area (axial extent) of undamaged substrate
Lover axial extént-of design thickness of repair

lgefedt axial léngth of defect

ltape axial length of taper

N number of cycles

My applied axial moment

Mo applied torsional moment

n number of wraps or layers or repair laminate

p required design internal pressure

Dafter internal pressure after repair system is applied
De external design pressure

Peq equivalent design pressure

© IS0 2015 - All rights reserved 7
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Pext,soil  external soil pressure

Plive internal pressure within the substrate during application of the repair
Pmin minimum (internal pressure) load (or stress) of the load cycle
Pmax maximum (internal pressure) load (or stress) of the load cycle
Pmthp medium-term hydrostatic test pressure
Ds maximum allowable working pressure (MAWP)
Psthp s]Lort—term hydrostatic test pressure
Po irjitial test pressure
p1 fiked linear increase in test pressure
q t¢nsile stress
Re cyclic loading severity, defined as: R, = £min.
Pmax
s allowable stress of the substrate material
Sa nleasured yield stress of substrate or mill certification.yield stress
T4 r¢quired design temperature
Ty glass transition temperature
Tm nlaximum operating temperature of repair system
Tamb ambient (qualification) test temperature
Ttest gphalification test temperature
t original wall thickness of\suibstrate
tlifetime  ré¢pair design lifetime
tlayer thickness of amindividual wrap or layer of repair laminate
th wall thickfiéss of branch, tee
tr wallthickness of flange
tdesign déstgmrthickmessof TepaiT tanmimate
tmin minimum thickness of repair laminate
ts minimum remaining substrate wall thickness
T lap shear strength
v Poisson’s ratio for the repair laminate
w (axial) width of circumferential slot defect

8 © IS0 2015 - All rights reserved
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4.2 Abbreviated terms

ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
API American Petroleum Institute

AWWA American Water Works Association

BS (BSI)  British Standards Institute

CFRP carbon fibre-reinforced plastic

COSHH regulations for control of substances hazardous to health

CSW[P certification scheme for welding inspection personnel
DSC differential scanning calorimetry

FRP fibre-reinforced plastic

GRP glass-reinforced plastic

HDT heat distortion temperature

MAWP maximum allowable working pressure

MSDp materials safety data sheets

NDT non-destructive testing

OSHA Occupational Safety and Health Act
PCC Post-Construction Committee

SMY§ specified minimum yield strength

5 Applications

The gualification and’design, installation, testing, and inspection procedures for comp
systéms in this Jnternational Standard cover situations involving the repair of damagg
encountered in 0il; gas, utility pipework systems and vessels. The procedures are also appl
repalr of pipelines, caissons, and storage tanks with appropriate consideration.

Procedutres in this International Standard cover the repair of metallic and GRP pipewor

osite repair
e commonly
icable to the

k, pipework

components, pipelines originally designed in accordance with a variety of standard|

s, including

[SO 15649, ISO 13623, 1SO 14692, ASME B31.1, ASME B31.3, ASME B31.4, ASME B31.8, and BS 8010.

This International Standard is not a defect assessment standard. Within this International Standard, no
statements are made regarding whether a specific defect is acceptable or unacceptable for repair. The
standard assumes that a defect assessment has already been performed to, for example ASME B31G or
API RP 579. The starting point for this International Standard is that a decision has been taken to repair

a given defect with a composite repair system and the output from the defect assessment, e

.. MAWP or

minimum remaining wall thickness is used as input for the repair design. This International Standard

is concerned with the subsequent activities of repair qualification, design, installation, and

inspection.

Repair systems are applied to restore structural integrity. The following repair situations are addressed:

— external corrosion, where the defect is or is not through-wall. In this case, the application of a repair

system will usually arrest further deterioration;

© ISO 2015 - All rights reserved
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— external damage such as dents, gouges and fretting (at supports);

— internal corrosion, erosion, where the defect is or is not through-wall. In this case, corrosion and/or
erosion can continue after application of a repair system, and therefore the design of the repair
system shall take this into account, i.e. the size of the defect at the end of the required design life of
the repair should be taken as the size of the defect when designing the repair;

— cracklike defects, where the defect is or is not through wall. It is a requirement that the length of the
crack is known and will not increase during the lifetime of the repair. For through wall cracks, the
crack should be modelled as a Type B defect, either a circumferential or axial slot (depending on the
crack orientation). For non-through wall cracks, the crack should be modelled as Type A defect, 7.5.4;

— strengthening and/or stiffening in local areas.

As a general guide, Table 1 summarizes the types of defect that can be repaired using repaif)systems.

Table 1 — Guide to generic defect types

Applicability of repair | Applicability of repair

Circumferenftial cracks

Longitudinal cracks

Type of defect system (metal pipes) system (GRP pipgs)

General wall thinning Y Y
Local wall tHinning Y Y
Pitting Y Y
Gouges/Dents R R
Blisters Y R
Laminations Y R

Y R

R R

Y R

Through-wall penetration

Y Implies g¢nerally appropriate.

R Implies cgn be used, but requires extra consideration, i.e. will the composite repair reduce locally the stresses qcting
on the defect{For the case of gouges/dents pr€racks, it will be required to assess whether application of the repaif will
stop future crpck growth or whether a conservative assumption about the ultimate length of the crack is required. If ¢ither
assessment is|negative, then application of'a«composite repair is not appropriate.

Services thdt are covered withifvthe scope of this International Standard include those normally fpund
in an oil and gas production0¥ processing installation. These include the following:

— utility fluid, dieselsseawater, air;
— chemicgls (liguids);

— productionyfluids, including liquid hydrocarbons, gaseous hydrocarbons, and gas condensates

The upper temperature limit is defined in 7.5.3.

The lower temperature limit is dependent on the type of repair laminate being used. This limit is
determined by the design requirements presented in 7.5.3.

The upper pressure limit is a function of defect type (internal, external, or through-wall), defect
dimensions (depth and extent), pipe diameter, design temperature and repair design lifetime.
Therefore, a unique number cannot be quoted but rather the limit is derived for a given set of conditions
by calculations in accordance with this International Standard using the qualification test data.

The lower pressure limit, e.g. vacuum conditions, is determined by the design requirements
presented in 7.5.9.7.
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The composite materials constituting the repair laminate considered within this International Standard
are typically those with aramid (AFRP), carbon (CFRP), glass (GRP), or polyester (or similar material)
fibre reinforcement in a polyester, vinyl ester, epoxy, or polyurethane polymer matrix. Other fibre and
matrix types are also permissible once qualified.

The pipework and vessel substrates considered within the standard include carbon steel, 6 moly steel,
stainless steel, duplex steel, super duplex steel, GRP, Cunifer, aluminium, galvanised steel and titanium.
Careful consideration is required before repair of GRP lines because the damage in the pipe may be more
extensive than is visible on the surface and may affect a longer length of the pipe than is immediately
obvious; advice of the GRP pipe manufacture and repair system supplier shall be sought before a repair
is installed.

6 S$ummary of key issues

The ey issues to be considered by the owner to ensure thatarepair system complieswith the requirements
of this International Standard are specified in the relevant clauses of this International Standprd.

The repair system is defined as the combination of the following elementsand procedures:
a) gubstrate, (component, e.g. pipe, pipeline tank, vessel outer surface);

b) gurface preparation;

c) 4pplication of filler material;

d) application of primer layer;

e) 4Jpplication of repair laminate;

f) ¢uring procedure.

This|International Standard does not proyide guidance on when to use a repair system. It|starts from
the goint that a decision to use a repair(system has already been taken and gives guidande on how to
use tlepair systems effectively covering'testing, design, installer training, installation, and through to
maintenance of a repair in service,

Therf are six key areas of the.kepair process that shall be considered.

Repdir System Qualification

The [owner shall confirm the repair system proposed has been tested in accordange with the
requjrements of this’'International Standard (Clause 7). This would typically require thg supplier to
subnpit test reperts or to provide third-party verification that testing has been completed.

Qualjfication-testing is specific to a particular pipe material and method of surface preparation for that
matgriak The owner shall confirm that testing has been completed for the pipe material of interest and
the méthod of surface preparation being considered.

Enquir

All relevant data, e.g. design conditions, corrosion mechanisms, inspection data and surface preparation
limitations shall be passed from the owner to the repair system supplier (7.4). Full details of design
temperatures and pressures shall be provided. Upset conditions shall be considered, for example, if
steaming of the line is expected then this must be noted.

Any limitations on working conditions shall be identified and supplied to the repair system
installer/supplier through completion of the Design data sheet form (Annex A). Risk assessment and an
overview of site conditions should be supplied by the owner.

© IS0 2015 - All rights reserved 11
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The status of the pipework during repair application, e.g. live, no pressure but full, empty shall be
defined and passed on from the owner to the repair system supplier. Details of the expected surface

temperature and local humidity shall also be provided.

A photographic record of the defect prior to repair design/application should be kept by the owner.

Design of repair

The correct

design procedure shall be followed as defined in Figure 1.

When designed in accordance with this International Standard, repair systems can provide strengthening
of lines to relatively high pressures for Type A defects but can only be used at lower pressures for T

/pe B

defects. The

The selectid

limits for Type B defects are strongly affected by the size of defect assumed.

n of the generic through-wall defect and size for design, i.e. the selection of/the co

dimension, nay not simply be the size of the actual defect but rather may be either the dirhension g

unprepared
defect is the

Repairs to 1
end of the rg
and repair |

The repair
requiremen
design temy
repair is ins

Installer Tr4
Correctinst
Repair instg

The owner §
this Interna
via evidencs

Installation

In terms of
key technicg
and assume

The actual

surface area neighbouring the defect or if filler is used over the defect, the-dimension ¢
surface area of filler (7.5.7).

nes suffering internal corrosion or erosion must consider the defect/size expected 3
ppair service life. The repairs would generally be less resistant to‘erosion than a metal
fe would normally be restricted to the point that the defect goes through-wall.

system supplier shall demonstrate how the repair - System will satisfy the d

[s of this International Standard regarding temperaturé where the pipe has an eley
erature but generally operates at ambient or has an.elevated design temperature by
talled at ambient (7.5.3).

inin
nllation will ultimately determine successful performance of a repair as defined in Tab

llers shall have been trained in the application of the specific repair system in use.

rrect
fthe
f the

t the
pipe

Psign
rated
t the

o

hall confirm that repair installers have been trained in compliance with the requirements of

Fional Standard. The repair system supplier shall demonstrate competence of the instg
of training and experiencef(Ahnex I).

of repair

the performance-of-the repair system, the adhesion of the repair to the substrate i
1 issue. The surface preparation procedure should be the same as that qualified by te

1llers

5 the
sting

d in the design*The pipe surface shall be dry and at a temperature above the dew point or
otherwise i complianée-with the conditions validated by repair qualification testing.

defect_size should be confirmed as being within the limits assumed in the design

physical dinrension, unprepared surface area or surface area of filler).

(e.g.

QA measurements shall be recorded (as per the repair system supplier s method statement), as the
repair is being applied (Table 14). The repair shall be fully cured before the pressure is brought back to
normal operating conditions. The repair system supplier shall provide details on how to assess the cure
status of the repair laminate (Table 14).

A photographic record of the repair application should be kept by the repair system supplier.

The completed QA measurements and photographs (if available) shall be submitted to and retained by
the owner and the repair system supplier shortly after installation is completed.

The ends of the repairs, where they extend on to base metal, as a minimum should be painted over to
prevent corrosion to the pipe at this location.

Inspection and maintenance of repair
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If considered necessary, the repair should be inspected on a regular basis to ensure the integrity of
the repair and that it is operating within the assumptions used in the design of repair (i.e. the defect
size is less than assumed in design) (Clause 9). It may be appropriate to complete a baseline inspection
immediately after application against which future inspections can be compared and changes identified.

At the end of the repair design lifetime, either the spool onto which the repair is situated should be
removed, the repair removed, or the repair design lifetime re-validated (9.5).

7 Qualification and design

7.1 [ Repair feasibility assessment

The following factors shall be considered by the owner and repair system supplier when agsessing the
feasipility of designing and installing a repair system:

assessment of the nature and location of the defects;

— design and operating conditions for the substrate and contents (inclugding pressure, temperature,
gizes and combinations thereof);

— fepair design lifetime (see 7.3);

— geometry of the substrate being repaired;

— lazards associated with system service;

gvailability of personnel with the necessary skills;

— ¢ase with which it is practicable to execute.surface preparation operations;

— performance under upset and major incident situations, including impact, abrasion, firg, explosion,
¢ollision and environmental loading;

— ¢perational measures, including (if relevant) permits, gas testing, and fire protection r¢quirements
tlo ensure safety in the vicinity of the repair area;

— flailure modes;
— inspectability (both-visual and non-destructive) and maintenance of the repair;

— Tepair system materials.

For dlarification;,the assessment is not intended as a means to predetermine that the repdir system is
the appropridte)strategy or remedial action, but rather to assess the feasibility associated wlith applying
the repair.system.

The Information and data describing any hazards shall be included in the method statement (8.2) to be
used on Site.

Since the application of these repair systems typically changes the mode of failure from rupture of the
substrate to a leak, the consequences of failure will therefore be reduced.

The objective of the assessment shall be to establish the class of the repair (7.2), which determines
the detail of the design method (7.5) to be carried out, together with the requirements for supporting
documentation. This also determines the design margin or factor of safety to be used in the design.

Guidance on performing the assessment can be obtained from Reference [36].

7.2 Repair class

Each repair shall be allocated to a particular class as defined in Table 2.
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Class 1 repairs cover design pressures up to 2 MPa (20 bar), design temperatures up to 40 °C and are
appropriate for the majority of the utility service systems. This class is intended for those systems that
do not relate directly to personnel safety or safety-critical systems.

Class 2 repairs cover design pressures up to 2 MPa (20 bar) and design temperatures up to 100 °C
but exclude hydrocarbons. This class is appropriate for those systems that have specific safety-
related functions.

Class 3 repairs cover all fluid types and pressures up to the qualified upper pressure limit. This class is
appropriate for systems transporting produced fluids.

App]ication(‘ in which the service conditions are more onerous or not included in the abave shall be

designated s Class 3.

Table 2 — Repair class

Repair . . . Design tempgra-
class Typical service Design pressure ture

Low specification duties, e.g. static head,

Class 1 drains, cooling medium, sea (service) <2 MPa <40°C
water.

Class 2 Fire water/deluge systems <2 MPa <100 °C
Produced water and hydrocarbons, Limited to repairé designed in
flammable fluids, gas systems. compliance,with this Interna- . .

Class 3 ional f a thick Defined in 7.3.3
Class 3 also covers operating conditions | tional Standard and of a thickness
more onerous than described above. equivalent to < D/12

The qualifigd upper pressure limit is a function of defect type (internal, external or through-yall),
defect dimepsions (depth and extent), pipe diameter;~design temperature, and repair design lifefime.
Therefore, 3 unique number cannot be quoted but rather the limit is derived for a given set of condifions
by calculatipns in accordance with this International Standard using the qualification test data [from
either Annek C for Type A defects and AnnexD-for Type B defects.

7.3 Repajr design lifetime

The repair dlesign lifetime (in years)of the repair system shall be defined by the owner in the rgpair
data sheet (Annex A). It may bedimited by the defect type and service conditions, e.g. internal corrdsion.

The minimum design lifetime-of the repair shall be 2 years.

Short design lifetimes (2-years) may be appropriate to those situations where the repair is requirgd to
survive untjl the next shutdown.

Long design lifetimes (up to 20 years) may be appropriate to those situations where the rgpair
is requiretho beinstate the substrate to its original design lifetime or to extend its design life [for a

specified period.

The repair design lifetime is the maximum application lifetime of the repair. The actual application or
service lifetime, often termed the defined lifetime, maybe less than the repair design lifetime.

Once the repair design lifetime has expired, the owner shall either remove or revalidate the repair
system as described in 9.5.
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7.4 Required data

7.4.1 Background

The following data shall be supplied for each repair application. The detail to which these requirements
are fulfilled is determined by the output of the repair feasibility assessment. Original equipment design
data, maintenance and operational histories shall be provided by the owner and material qualification
data shall be provided by the repair system supplier. The availability of relevant data shall feature as
part of the repair feasibility assessment.

a) piping line lists or other documentation showing process design conditions arid a descrjiption of the
iping class, including material specification, wall thickness, and pressure and‘temperature ratings;

b) piping isometric drawings and, if appropriate, the output of a piping flexibility calculatjon;
c) gpecification of all operating mechanical loads not included in the abeve, including upsef conditions;
d) ¢riginal design calculations;

e) Ttegulatory requirements, e.g. fire performance.

7.4.3 Maintenance and operational histories
Maintenance and operational histories are required, consisting of the following:

a) documentation of any changes in service\conditions, including pressure, temperatyre, internal
fluids and corrosion rate;

b) pastservice conditions;
c) gummary of all alterations and past repairs local to the substrate of concern;

d) inspection reports detailihg/the nature and extent of damage to be repaired.

7.4.4 Service condition-data

Servjce condition data-are required, consisting of the following:

a) Trepair designlifetime requirements/expectations;

b) required design and operating pressures (internal and external)/temperatures;

c) ¢xpected future service conditions;

d) if applicable, MAWP as calculated according to the requirements of ASME B31G, API 579, BS 7910
or other applicable standard. This shall be carried out taking into account the current position and
any possible further degradation in the future.

An example of a design data sheet is presented in Annex A.

7.4.5 Repair system qualification data

The documentation and qualification data related to repair systems that shall be provided for the repair
system are shown in Table 3.

Details of the qualification data to be provided are given in Annex B.
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Table 3 — Documentation and data requirements

Documentation requirement Class 1 Class 2 Class 3
Material documentation v v v
and data
Surface prep_aration v v v
documentation
Short-term test data 4 4 v
Long-term test data v v

Clarificatior
a)

This sh
they ard

Materiall documentation and data

1l include a statement of the resins and reinforcements used and any standards to v

of the terms used in Table 5 1s as follows:

supplied. Basic data on material compatibility with the working environment shall al

rhich
50 be

available. It shall be ensured that any chemical interaction between the resin (ahd‘associated ciyiring

agents)
given tg

Surface

b)

The dui
quality
to be im

Short-tqg

These 5
strengt

d) Long-te

These s
and opt]
than orf
temper3

environment can be dry.

Table 4 lists
the qualifica

pf the surface preparation used. Details of the surfacepreparation procedure and hov

and substrate will not cause further degradation of the substrate, Also, attention sh3
CFRP laminates and the potential for bimetallic (galvanic) corrosion of the substrate.

preparation

ability of a bonded assembly under applied load is deférmined to a large extent b

plemented shall be provided as used in the qualification tests.
rm test data

hall include tensile strength and modulus«i#i both the hoop and axial directions an
h of the (adhesive) bond between the repair laminate and the substrate.

'm lap shear durability test data

hall include the strength of the adhesive bond between the repair laminate and subs
ionally the ultimate tensile strain of the repair laminate. Long-term is defined as gr
equal to 1 000 h wheré the sample has been exposed to a water environment 3
iture greater than or equal to the design temperature. Above a temperature of 100 °

the data requirédito comply with Class 3 requirements. Annex B contains the full deta
tion data requirements.

Table 4 — Qualification test requirements

111 be

y the
Vit is

1l the

trate
pater

nd a

C the

ils of

Material property Test method

S

D
43

27 ACTNH
7 X011

v

P

2020
A4

s A
Ut J

NS

Mechanical
properties

IcAcC27 14 1C
[PAVAIC Y~y aas o yu

s

AVS 2 daal
TOUITE SToUaTasS

ISO 527-1,1S0 527-4 (or ASTM D3039)
ASTM D5379
ISO 11359-2 (or ASTM D696)

IS0 11357-2 (or ISO 75-3, ASTM D6604,
ASTM E1640, ASTM E831),

ASTM E2092
ISO 868 or EN 59 (or ASTM D2583)

Poisson’s ratio
Shear modulus
Thermal expansion coefficient

Glass transition temperature of resin or heat
distortion temperature of resin cured at
relevant temperatures

Barcol or Shore hardness

Adhesion
strength

Lap shear EN 1465 (or ASTM D3165)
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Table 4 (continued)
Material property Test method

Performance Long-term strength (optional) Annex E
data Energy release rate (optional) Annex D

Short-term pipe spool survival test Annex C

Impact survival test Annex F

Degradation factor (optional) Annex G
7.5 | Design methodology

7.5.1 Overview

Therg are two design cases:

a)

1
2)
3)
b)

1)
2)
The

defect type A (non through-wall defect) design case

The defect is within the substrate, not through-wall and not expected-to become through
the repair design lifetime of the repair system, requiring structural reinforcement onl

I)Illowing three design methods shall be used to determine thie'repair laminate thicknes
include allowance for the substrate (see 7.5.4);

¢xclude allowance for the substrate (see 7.5.5);

long-term performance test data (see 7.5.6).
Defect type B (through-wall defect) design ¢ase

The substrate requires structural reinfercement and sealing of through-wall defects
jubstrates with active internal corrosion, the repair laminate shall be designed on the
that a through-wall defect will ¢ccur if the remaining wall thickness at the end of s
expected to be less than 1 mm. Both of the following design methods shall be used:

the design method in 7.5.7%
tthe design method fot the Defect type A design case.

preater repair thickness from the Defect type A design case or the design method in 7

taken as the repaiy faminate thickness, tgesign-

7.5.9]and 7.5.13'shall be considered for each design case and applied where appropriate, wit
thickness being taken as the repair laminate thickness, tgesign.

The

flowchart presented in Figure 1 provides an overview of the above described des

-wall within
. One of the

S, Ldesign:

(leaks). For
assumption
brvice life is

.5.7 shall be

h the largest

gn process.

worked examples (for a Type A and Type B defect) are provided.
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Input design data from Annex A, e.g. design lifetime,
defect dimensions, service conditions

v

Is long term measured strain to failure data available?

YV

I

Calculate allowable strain, &, using Formula (11)

and Table 9

v

Calculate allowable strain, &, using Table 9

r

Calculate design allowable strain, & using Formula (10) and fr1, Table 7

v

Apply de-rating factors to design allowable strain, ¢, using Section 6.5.2 -
Environmental compatibility or Section 6.5.9.2 - Cyclic fatigue

v

Is defect through wall (Type B)?

Has a defect assessment been performed?

O

C::lculate, fr,s(h:nog Table 8
o
<y

Calculatp repair thickness,
trepair, Uping Formula (1)
f repair thickness
limited| by the allowable
strefs in substrate
othefwise calculate
thicknegs using Formulae
nd (6), repair
thickness limited by
allgwable strain

in laminate

and (2)

(5)

Calculate repair thickness,
trepair, Using Formula (8)
and (9), repair thickness
limited allowable strain

in laminate

v

Calc

ﬂh, d

erlay, Using Formula (22)

mponent type,

N\
late final repair thickness usingrepdir thickness
increase factors for lim@' extent,

fth,stress, using Taah)\ ;12 0r 13

o~

Ay

Calcu ¥\$~
@sing Formula (18)

ial extent of repair,

KX

o)

A

S
Is long term ae?%n performance data available?

YES T No
A=) >
Calculate, fieak, using Calculate, fieak, using
@rmula 17 Formula (16)
\
N v v

Select generic through wall defect type hole,
circumferential slot or axial slot

v

Calculate repair thickness, trepair, from the
maximum of either Formula (8) or (9),
repair thickness limited allowable strain in
laminate, and the relevant formula for the
selected through wall defect, i.e. Formula
(12) or (13) and (14) or (15)

v

Calculate final repair thickness using repair thickness
increase factors for limited axial extent,
ftnoverlay, using Formula (22) and component type,
finstress, using Table 11,12 or 13

v

L
2.
3.

4.

Perform checks on design as appropriate

Length of repair - Formula (21)
Thickness of repair - Table 2

Interfacial design stress - Formula (29) -
only for live applications

Maximum pressure/area check -
Formula (33) - only for tees

Calculate axial extent of repair, lover,

using either Formula (18) or (19)
depending on selected defect type

Figure 1 — Flowchart summarizing repair system design process
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7.5.2 Environmental compatibility

The suitability for use of the repair system in the service environment shall be based on the following
considerations. The service environment is the environment that contacts the repair laminate. It may
be either the external or internal environment.

The qualification of the repair system (7.4.5) demonstrates that the repair system is compatible
with aqueous (wet) and hydrocarbon environments at the qualification test temperature. In general,
thermoset resins are compatible with a wide range of environments, but consideration shall be given
when the environment is strongly acidic (pH < 3,5), strongly alkaline (pH > 11), highly saline or is a

strong solvent, e.g. methanol, glycol, benzene, toluene in concentration greater than 25 %.

Resis
resin

Wheh the environmental compatibility of the repair system is unknown, then therepair sys
shall

Whe
lami
repa
desig
data
Alternatively, a metal plate can bé.placed over the affected area prior to application o
lami

tance to UV degradation and weathering (where appropriate) shall be provided by.d
supplier.

provide the one of the following to demonstrate compatibility:

¢nvironmental compatibility data or experience of previous applications from the re
demonstrating that the environment is no more aggressive than aqueous or K
environments at the design temperature;

if no compatibility data from the resin supplier is available,then specific environment
fequired. One of the following test procedures, ISO 10952,")ASTM D543, ASTM C581, A
r equivalent, comparing the exposure of the specific environment and aqueous §
o the repair laminate at the design temperature shall be performed. The repair sysf
¢onsidered compatible to the specific environmentdfithe test results from the specific ¢
gre no worse than for the aqueous environment.

hate is in contact with the eroding medium, then the repair laminate can suffer mater
r system supplier shall demonstrate thie survival of the repair system for the spe
n lifetime assuming a conservative €stimate of the loss of laminate material. Without e
on the erosion rate, a maximum nepair design lifetime of no more than 2 years is reg

hate to minimize material 10ss (of the laminate), wherein the design of the repair the di

hta from the

fem supplier

s5in supplier,
ydrocarbon

al testing is
STM D3681
nvironment
em shall be
nvironment

h particulate erosion is the cause of the:dégradation process of the substrate ang the repair

ial loss. The
ified repair
kperimental
ommended.
f the repair
mensions of

the plate are taken as the size of'the defect.

Wheh considering the repair to GRP pipes or vessels, the chemical interaction between both solvent
used|to clean the surface’and also the uncured resin constituents of the repair material and the GRP
matgrial should be«considered.

7.5.3 Designjtemperature effects

The thezmal properties of the repair system shall satisfy the requirements given in Table 5. The value
of Tglar HDT used shall be that determlned in Annex B for a repalr system cured at a temperature no
greate s 3 : serature profile)
required to achieve this shall be specified. The temperature 11m1t of arepair system shall be defined with
reference to Ty unless the repair system does not show this transition in which case the temperature
limit shall be defined with reference to HDT. Repairs that are applied to systems that are depressurised
and drained may be heated (post-cured) to give the required value of T; or HDT. The heating cycle used
shall have been demonstrated to achieve the required value of Ty or HDT during qualification testing.
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Table 5 — Thermal property requirements for repair systems

Defect Type B limit

Repair Design Life-
time > 2 years

Repair Class Defect Type A limit

Repair Design Lifetime < 2
years

Ty > Tq +20 °C
HDT = Ty + 15 °C

Ty > Tq +20 °C
HDT > Ty + 15 °C

Class 1 and 2
Tg 2 Tgq +20 °C

HDT = Tq + 15°C

Ty > Tq +30 °C

Class 3 HDT 2 Ty + 20 °C

Hardness can—give—s diea A asH an—90-04
minimum obtained from repair system tion in accordance with Table 4. Hardness alohe
not be relied upon to demonstrate cure for repair to Class 3 systems; reference shall also be niade t
cure schedulle.

system where the defect within the substrate is not through-wall, the temperature limj
p Tg less 20 °C or HDT less 15 °C. Tg or HDT shall be measured in accordance with Table
marizes the upper temperature limit of the repair when cured to as specified in this Cl

For a repair
be relaxed t|
Table 6 sum

Table 6 — Service temperature limits for repair systems

Defect Type A limit Defect Type B limit
Tim Tm
Repair Design Lifetime < 2 Repair Design Lifetime > 2
years years
Class 1 and 2 Ty - 20 °C Ty -20°°C Ty =20 °C/HDT ~15°C
Class 3 HDT - 15 °C HDT,-15°C Ty -30 °C/HDT -20°C
The temperpture de-rating factor, f71, to account for elevated design temperature application used in

Formula (1() is given in Table 7, where Ty, is thexupper temperature limit for the system (as defingd in

Table 6), in ¢legree Celsius.

Table|7 — Temperature de-rating factor for composite laminate allowable strains, f11

ance

| Temperatufe factor; fr1 10,000 062 5(Tyy - Ta)2 + 0,001 25(Tn - Ta) + 0,7

The additio
testing. To
the temperd
Tamp is the 4
in degree Cd

Table|

[low for higher,deSign temperatures than the qualification test temperature, Table 8 de|

hal requirements«fap repairs to through-wall defects are qualified through perform

ture de-rating factor, f77, that shall be applied to Formulae (12), (13), (14), and (15), w
imbient testtemperature, in degree Celsius, and Tiest is the qualification test temperd
Isius.

8—Temperature de-rating factor for through-wall defects (Type B defect) and

fines
there
ture,

nerformancetacst data £
PeroraanceteoTtatd; 72

Temperature factor; f77

The formulae presented in Table 7 and Table 8 are based on similar temperature de-rating factors as
defined in EN 13121.

|0,000 062 S[Tm - Td - (Ttest - Tamb)]z + 0,001 25[Tm - Td - (’Ttest - Tamb)] + 0,7

Where a repair will generally be operating at a lower temperature than Ty, then the Ty value associated
with this lower operating temperature shall be checked and the relevant value of fr1 derived. The
lower of the values of fr1 obtained shall be used in the design of the repair. In this case, it is assumed
the repair system will cure to a satisfactory level when the temperature in the line increases. If this
temperature increase is expected to be relatively fast (i.e. <30 min), then the repair system supplier
shall be advised of this. The repair system supplier shall demonstrate this rate of heating is acceptable
by test; otherwise, the repair shall be post-cured using external heating. Post-curing shall only be
undertaken on pipes which are depressurised and drained.
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7.5.4 Design based on substrate load sharing (defect type A)

Use of the design method in this subclause is appropriate if the contribution of the substrate is to be

inclu

ded in the calculation for load-carrying capability.

7.5.4.1 Limited by allowable stress in the substrate

Formulae (1) and (2) shall be used when it is assumed that the repair thickness is limited by the
allowable stress in the substrate.

In the circumferential direction, the minimum repair laminate thickness, tnin (expressed in

milli

In th
by Fd

whet

E 20F,
tmin,czzg' = Peg t e2q —Ps
S Ec D

D [Es)[PFea Ea
mina ~ H¢ E, 77:D2 Ecpeq Ps

Tetres); s givermr by Formuta(1):

e axial direction, the minimum repair laminate thickness, tnin (expressedkin millimeti
rmula (2):

e
2 is the axial modulus of the repair laminate, exptessed in megapascals;

" is the circumferential modulus of the repairlaminate, expressed in megapascals
' is the modulus of substrate, expresseddnh megapascals;

D is the original external diameter,"expressed in millimetres;

eq Isthe equivalent axial load;-eéxpressed in newtons [see Formula (4)];
is the Poisson’s ratio of the repair laminate (see Annex B for definition);
is the allowable stiress of the substrate material, expressed in megapascals;

eq Iisthe equivalentinternal pressure, expressed in megapascals [see Formula (3)];

)

'es), is given

(2)

Bs is the MAWP, expressed in megapascals, which is defined according to the relevant defect
assessmeént code;
{s is-thé minimum remaining substrate wall thickness, expressed in millimetres.
NOTH [t is possible that when using Formula (2) that negative repair thickness values are calculated. This
imp]inc that the rr—\m:\ining wall thickness is sufficient to withstand the npp]ir—\d loads in the axial direction.

In Formula (2), the contribution of Feq shall be taken as positive.

Peq and Feq are defined as:
16 2 ) 4 2
S VR O W | IS P
ﬂsz D

2 2

4 4
peq:p-i-?[FSh'f'BMtoj for p<FEFSh+BMtOJ
T T
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2015(E)

D2 \/ . FAFE 4= \/M +MZ

the required internal design pressure, expressed in megapascals;
the applied shear load, expressed in newtons;

the applied torsional moment, expressed in newton millimetres;

Fax 1S

My 1S

The design |
tmin'a deterl’

If the purpo|
or other axi
the value of

Formulae (1

The assumpftion made in deriving Formulae (1) and (2) is that the substrate is elastic.

7.54.2 Li

Formulae (§
allowable st}

laminate thickness, tmin (expressed in millimetres)is given by Formula (5):

]
E .t

8C:

In the axial
by Formula

min,a =

where

Plive 19

thre dpplicd axtattoad; TXPT eSSed T e wWtoTTS;
the applied axial moment, expressed in newton millimetres.

epair thickness, tdesign (expressed in millimetres), shall be the maximum value of tmin,
hined from Formulae (1) and (2).

e of the repair system is to strengthen an undamaged section to carry additional ber]
ps shall be the MAWP after the defect has been assessed.

and (2) are valid for repair thickness t yegjg, < 1—D2

mited by allowable strain in the repair laminate

) and (6) shall be used when it is assuméd that the repair thickness is limited by
rain of the repair laminate (see 7.5.5). In the circumferential direction, the minimum r

peq
2

FX
D

pliveD
Z(Ectmin +Egts)

psD
2E .t

c“*min

RER)

direction, the minimumrepair laminate thickness, tnin (expressed in millimetres), is §

(6):

il loads, the value of Feq shall be taken to be the increased total axiahload requirement,

(4)

- and

1ding

and

y the
Ppair

(5)

riven

(6)

Ec

1S+1€

+ha c\"r\n\r')]‘\]n l‘nr\dIrl r\r‘pn

ili-

metre, as derived in

€a

TTIT

Spot

75.50

derived in 7.5.5 or 7.5.6.

is the allowable repair laminate axial strain, expressed in millimetres per millimetre, as

If the repair is applied at zero internal pressure, i.e. plive = 0, and axial loads can be neglected, i.e. buried
pipelines, then Formula (5) can be rearranged to give:

min —
2

DE (peq ps)

(7)

The design repair thickness, tdesign, shall be taken as the maximum value determined from either

Formula (5)

22

or Formula (6).
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D
Formulae (5) to (7) are valid for repair thickness tj¢gign <E.

The assumptions made in deriving Formulae (5) to (7) are that the substrate is elastic and only
contributes to the load-sharing up to the allowable stress (of the substrate).

7.5.5 Design based on repair laminate allowable strains (defect type A)

Use of the design method in this subclause is appropriate if the contribution of the substrate is to be
ignored in the calculation for load-carrying capability and if short-term material properties are to be used.

In the—circumferential Hirnr‘fir\n’ the minimum rnpair laminate Hﬁir‘l(nncc, Lorvinr (n‘ pressed in
millimetres), due to internal pressure, bending, and axial thrust, is given by:
1 pqu 1 Feq Y
mine = P —— (8)
2 E.aDE,

In thula (8), the contribution of Feq shall be taken as positive.

In the axial direction, the minimum repair laminate thickness, tmin (expressed in millimefres), due to
interinal pressure, bending and axial thrust, is given by:

)

~
—_
VR
o
Q0
—_
=
[9°]
Q0
o
c
N—

wherte
k.,  isthe axial modulus of the repair laminate, expressed in megapascals;

k. is the circumferential modulus of the\repair laminate, expressed in megapascals
D is the original external diametet, expressed in millimetres;

Feq isthe equivalent axial load, expressed in newtons [see Formula (4)];

Ieq is the equivalent interhal pressure, expressed in megapascals [see Formula (3)];
\ is the Poisson’s ratio of the repair laminate (see Annex B for definition);

4a is the allowable repair laminate axial strain, expressed in millimetres per millimetre;

8c is the allowable repair laminate circumferential strain, expressed in millimetres|per milli-
metre;

In Formula;(9), the contribution of Feq shall be taken as positive.

The feSign repair thickness, tdesion, Shall be the maximum value of tyin c and tqin a2 determined from
Formulae (8) and (9).

Formulae (8) and (9) are valid for repair thickness t design <1—D2.

For occasional loads (short-duration loads), Class 1 minimum repair design lifetime (2 year) strains
shall be used; see Table 9.

The allowable strains presented in Table 9 shall only be used if the short-term strain to failure of the
repair laminate is greater than 0,01; otherwise, performance data from 7.5.6 shall be used. The short-
term strain to failure can be derived from the test carried out to determine the tensile properties of the
laminate (Table 4).

The thermal expansion coefficient for a repair laminate is different from that of the substrate, resulting
in the generation of thermal stresses within the repair laminate when the design temperature is
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different from the installation temperature. This effect shall be considered in the design assessment by
subtracting the thermally induced strains from the allowable strains. The temperature factor, fr1, shall
be applied to the allowable strain before subtraction. The allowable repair laminate thermal strains in
the circumferential and axial directions, & and &, shall be calculated by:

Ec :legco _|AT(as _ac)|

where

(10)
€a=fr1€00 _|AT(O‘S _aa)|
€20 isthe allowable repair laminate axial strain (no temperature effect (see Table 9)], expressed
ir] millimetres per millimetre;
eco  iJthe allowable repair laminate circumferential strain [no temperature effect (see Fablg 9)],

fr1  i9the temperature de-rating factor (see Table 7);

xpressed in millimetres per millimetre;

ay  igthe repair laminate thermal expansion coefficient, axial direction,expressed in millime-

ties per millimetre degree Celsius;

ac id the repair laminate thermal expansion coefficient, circumférential direction, express¢d in

as  idthe substrate thermal expansion coefficient, expresséd in millimetres per millimetre

AT  ifthe difference between design and installation temperatures, expressed in degree Cel

Table 9 4 Allowable strains for composite laminates as a function of repair design lifetime

nlillimetres per millimetre degree Celsius;

poree Celsius;

sius.

Modul

Allowable strain Allowable strain Allowable strain
Class 1 Class 2 Class 3

us

— &ao

— &0

— &0

For E; > 0,5 k.
— Continug-1 &9 |0,004 214*10-0,04 85t ic04im6 0,003 634%10-0,008 13 t;¢.45100 10,003 061*10-0,004 4t1jfe]'

For E; < 0,5 K¢

0,004 214*10¢0911 35 tjigarime [0,003 634%10-0,008 13 tj;¢ime (0,003 061*10-0,004 4 ty;¢,

ime

ime

0,002'768*10-0,022 1 tj;¢1ime (0,001 0,001

0,004 214%10-0,011 35ty ;o (0,003 634*10-0,008 13 t;oine |0,003 061410-0,004 4 tyc b

The values i

7.5.6 Des|

type A)

n Table9'include a service factor for safety equivalent to 0,67.

 Obased ir-allowabl : ined] " ing (defedt

Use of the design method in this subclause is appropriate if performance-based test data are available.

Annex E provides three methods for the determination of long-term failure strain of the repair laminate.

24
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The allowable repair laminate circumferential strain, g, (expressed in millimetres per millimetre) is
given by Formula (11):

&

wher

Elt

f erf

c~= fperffTZ‘glt

e

(see Annex E);

is the service de-rating factor (see Table 10);

]
If all
mini

Ifall
repa

T2  is the temperature de-rating factor (see Table 8).

pwance for the substrate is not to be included, then Formula (8) shall be used to d
mum repair thickness in the circumferential direction.

r thickness in the circumferential direction.

Table 10 — Service factor, f,erf, for performance data of repair systems

(11)

is the lower confidence limit of the long-term strain, expressed in millimetres per millimetre

alculate the

pwance for the substrate is to be included, then Formula (5) shall be used fo calculate the minimum

Service factor Class 1 Class 2 Class 3
100p h data 0,878*10-0.012 2 tyjgerime | 0,692*1050.007 Yjfetime 0,612*10-0,004 3 tjietime
Design life data 1,045 5*10-0,009 65 ty;catime |0,873%10-0,005 75 tyjrarime 0,76%10-0,002173 tyiratime
7.5.7 Design of repairs for through-wall defects (defect type B)
A defect within a substrate shall be considered through-wall if the wall thickness at any|point of the
affedted area is determined to be less than T'mm at the end of its life.
Use ¢f the design method in this subelause is appropriate if the defect within the substratg is through-
wall jor deemed to become through-wall at the end of its life. The requirements of this sub¢lause are in
addition to those described in 7.5.4, 7.5.5 or 7.5.6.
The dimension of the throughswall defect to be used in the design shall be based on the estimated size
of the defect at the end of(the required design life of the repair system.
In some circumstancés;it may not be possible to prepare the substrate completely adjacent fo the repair.

Oftel a protective'metal plate is used to protect the damaged substrate during surface
e.g. g

subs

Also

rit blasting. In these circumstances, the dimension of the defect shall be taken as the
frate surface area (including metal plate plus any fairing material).

if filler'material is used over the defect, e.g. if a repair is to encompass a flange, then tH

breparation,
unprepared

e size of the

defed

tshall be taken as the surface area of the pipework covered by the filler material.
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For a circular or near-circular defect, the minimum thickness for a repair laminate, tyin (expressed in

millimetres)

, shall be calculated using Formula (12):

0,001y,
b= fTZfleak 2
(1 - ) 3 4 ld + 3 2
E,. |51 th’nin T 64Gt in
where
Eac  igthe combined tensile modulus /E,E. , expressed in megapascals;

%
d
tmin

YLCL

fr2
fleak 1

Plugging of
is not allow

Formula (12

For non-cirg
(effective de

For the casq
crack growt]
the design ¢

the shear modulus of the repair laminate, expressed in megapascals;
the design internal pressure, expressed in megapascals;

the Poisson’s ratio of the repair laminate (see Annex B for definition);
the diameter of defect, expressed in millimetres;

the thickness of repair laminate, expressed in millimetres;

the 95 % lower confidence limit of energy release rate,expressed in joules per square
etre (see Annex D);

the temperature de-rating factor, see Table 8;
the service de-rating factor [see Formula (16)].

the through-wall defect in the tests performed to determine the value of yLcL (Ann
pd.

) is valid for defect sizes where

the substrate external diameter, expressed in millimetres;
the substrate wall tliickness, expressed in millimetres.
ular defects thathave an aspect ratio <5, Formula (12) shall be used where the valug

fect diameter)Ngs selected such that it contains the defect.

h or whether a conservative assumption about the ultimate length of the crack to be ug
plculation is required.

(12)

px D)

b of d

of cracks; it will be required to assess whether application of the repair will stop fyture

ed in

d in

For a circu

fotaopiiol Slod oo o A€ £ oo oo il £ ramrair laaio oo £ Py
TCT Tt AT STO T Ty pCOCTC UG CIrC IO CTHCRITCSSTUT - a TCPaIT Talirate;tmin cAPTTSS

millimetres, is calculated using the smallest value of repair thickness calculated from both Formula (13)

and Formula (14):
P = fr2fieax 4 o
2 =t
(1-v°) 1 whi Fwly 3 5 2 w2
E,. 24t§nin 4 16Gt i, (1+0)

26
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p= %\/0,00BEactmmhu

where w is the axial width of the slot, expressed in millimetres.

(14)

Formulae (13) and (14) shall be used to assess the repair thickness required where the defect to be
repaired is a pinhole in a weld. The slot width selected shall be sufficient to include the full width of the

weld

and any fairing material used in the repair application procedure.

For an axial slot type defect having a circumferential width of the slot, w = ¢D expressed in millimetres,
the minimum thickness for a repair laminate, tpnj, expressed in millimetres, is calculated using

Fornfula (I5]:
0,001y
= fTZfleak Ll E (15)
4rbac
D*(—=+2
(1-v%) Q(ﬁ p* ot + (46 ) 6
E,o | 8 3843 11520¢3
whette the limit on the applicability of Formula (15) is givenby~¢ < 1, where ¢ is the angle spibtended by
the ajxial slot, expressed in radians.
It is fecommended that the size of defect used in Forndulae (12) to (15) should be at least 1§ mm.
{f IR
W £ B
e 0 /]
I | \ //
A s
Figure 2 — Sketch showing details of circumferential and axial slots
The valuewfithe service factor, fieak, shall be set to:
Class 1 Class 2 Class 3
fleak =0,83x 10*()'020 88(tifetime —1) freak =0,75x 10*()'018 56(1ifetime —1) fleak =0,666x 10*0'015 84(t)ifetime —1) (16)

where tlifetime iS the repair design lifetime, expressed in years.

If long-term performance test data is available in accordance with Annex E, then the service factor, fieak,

shall be calculated using:
Class 1 Class 2 Class 3
fleak = 0'83fD fleak = 0'75fD fleak = 0'666fD (17)
where fp is the degradation factor [defined in Formula (G.4)].
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The design repair thickness, tdesign, shall be the maximum value of the minimum repair thickness
determined from one of Formulae (12), (13), (14) or (15), iteratively, and the design repair thickness
derived in 7.5.4, 7.5.5 or 7.5.6.

7.5.8 Axial extent of repair

The design thickness of the repair laminate shall extend beyond the damaged region in the substrate
by the larger of 50 mm or lyyer expressed in millimetres, where loyer is given by Formula (18) or
Formula (19):

For slot type defects:

Ioyer = 24/Dt (18)
For circular|type defects:

lyyer =4f  where d<0,5VDt (19)
where

d idthe diameter of defect, expressed in millimetres;

D igthe original external diameter of substrate, expressed.inimillimetres;

t id the thickness of substrate, expressed in millimetres.

If the equalify in Formula (19) is not satisfied, then Formula (18) shall be used. Annex H presents a[ook-
up table of dxial extent of repair as a function of both diameter and defect size.

The total axjial length of the repair, I (expressed in aiillimetres), is given by Formula (20):

1=21 ol + Lioect +21 (20)

overj taper

The ends of|the repair laminate shall be.tapered if axial loads are present. These axial loads can rjesult
solely from |end effects due to internal)pressure or can result from system loads such as bendipg or
thermal expansion. A minimum taper’of approximately 5:1 is recommended.

To check th3t the axial extent ofthe repair, lyver, is sufficient to ensure that the applied axial load can be
transferred|from the substrate to the repair, Formula (21) shall be satisfied:

over > 1222 e (21
where

Ea is the axial modulus of repair laminate, expressed in megapascals;

€a is the allowable axial strain of repair system, expressed in millimetres per millimetre;

tmin,a 1S the minimum thickness of repair laminate for axial applied loads, expressed in millime-
tres [see either Formulae (2) or (6) or (9)];

T is the lap shear strength, expressed in megapascals (see Annex B).

If the geometry of the section to be repaired is such that it is not possible to achieve the required
axial extent of repair, lover, plus the axial length of taper, ltgper, the following shall apply. The following
shall be treated as a special design case and the analysis shall be completed prior to application of the
repair system.
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To account for the limited axial extent [i.e. less than calculated from Formula (18) or (19)] of available
substrate (lavailable), the design repair thickness, tdesign, determined from either 7.5.4, 7.5.5, 7.5.6, or

7.5.7

i th,overlay :(

shall be increased by the repair thickness increase factor, fih overlay, defined as:

j2/3

l

over

[

available

where tdesign =fth,overlay tdesign original.

(22)

The above design procedure represents a conservative approach to determining the axial extent

of repair bevond the defect. A more detailed engineerin

J;nstrating that the axial load can be transmitted between the repair and the suhst

dem
perfy
deta
part
data

rmed if it is required to optimize the repair design in terms of the repair thickhnes;
led analysis shall also demonstrate that the average principal stress (averaged)over
of the adhesive layer) is less than three times the average principal stress value from I3
(see Table 4).

stress analysis of the adhesive layer

rate may be
. This more
the stressed
ip shear test

The pxial extent of design thickness of repair, loyer, shall be at least 25 mjm“and fth overlay shall be no
greater than 2,5.
If thgre is limited axial extent of available substrate, it will not be pgssible to taper the repgir laminate.
For this case, the transition between the repair laminate and the'\restraining substrate, e.g| flange face,
shalllbe as smooth as possible to minimize stress concentrations. However, where possiblg, the repair
laminate should always be tapered, particularly when axial loads are present, in order fo minimize
edge|stresses within the repair laminate.
The tfotal axial length of the repair for reduced axial €xtent is therefore as given below:
For dne-side reduced axial extent:

1= Loyer +1defect + Itaper +lavailable (23)
For two-sided reduced axial extent:

IE1 defect +1 available,1 +1 available;2 (24’)

whel|

[Formula (22)].

Whe
lengf
shar
of th

Whe

e the larger of the twoyvalues of fih overlay is taken to determine the design thickness

h applying repairs over components, e.g. flanges, clamps, etc., to achieve the appropriat

b change$ in diameter, thus minimizing local stress concentrations. This may result in
e repairto ensure a smooth axial profile.

hCapplying repairs up to raised faces, the transition from the repair to the raise

bf the repair

e total axial

h of repaig.the axial profile of the repair shall be as smooth as is practically possiblle to reduce

b thickening

d face shall

be ¢

+ h L. | 1 1 - 1. P £ . 1 1 + LA | 1 1
Iourca to avolla Slidi'p CIdITges I UICCLIOInS. tH rcquirced, d Hiorc ucialcu diidlys

s should be

performed to demonstrate the axial length of repair is sufficient to transfer the load between the
substrate and the repair.

7.5.9 Optional design considerations

7.5.9.1

Impact

The repair system supplier shall demonstrate that the repair to a through-wall defect (type B defect) is
capable of withstanding a low-velocity 5 ] impact representative of a dropped tool. The demonstration
test shall be carried out in accordance with the procedure described in Annex F. This test shall be used
to define the minimum repair thickness when the repair is exposed to the possibility of third-party
impacts, 7.5.14.
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7.5.9.2 Cyclic loading

Cyclic loading is not necessarily limited to internal pressure loads. Thermal and other cyclic loads shall
also be considered when assessing cyclic severity.

If the predicted number of pressure or other loading cycles is less than 7 000 over the design life, then
cyclic loading shall not be considered (in accordance with ISO 14692).

If the predicted number of pressure or other loading cycles exceeds 7 000 over the design life, then
cyclic loading shall be considered.

If the predicted number of pressure or other loading cycles exceeds 150 * 106 over the design life, then
in Formulae{(27) and (28), N shall be set to 150 * 106.

For 7.5.4 andl 7.5.5, the composite laminate allowable strain in both circumferential and axiahdirections,
£c and g, (sge Table 9), shall be de-rated by the factor, f, i.e.:

& :f & —evdli
c ¢ ¢,non—cyclic (25)
&= fcg h,non—cyclic
where

€a,non-cyfclic is the allowable strain in the axial direction [as defined.if Formula (10)] prior to
de-rating for cyclic loading, expressed in millimetres)per millimetre;

—

Ec,non-cyflic is the allowable strain in the circumferential ditection [as defined in Formula (10)
prior to de-rating for cyclic loading, expressediin millimetres per millimetre.

fcis given by:
when R. > 0}4:
R.-1

fe=12%( . )log(N)
log(150x10°)—log(7 000)

[ R.-1 (2€)

+1—tan|1,25( %_ ) |(log(7 000)

log(150%x10”)—1ag(;7000)

when R <0 4
-0,75
logd(150x10°)<log(7 000)
log(7000)
log(150%10%)—1log(7 000)

)log(N)
(27)
+1+0,7%(

R¢ is the cyclic loading severity, defined as the ratio of minimum pressure to maximum

pressure: R, — Pmin .
pmax

N is the number of loading cycles.
For 7.5.7, the service factor, fieak, in Formulae (12), (13), (14), (15) or (17) shall be replaced by:
fleak =0,333f. (28)

Formulae (27) and (28) are intended primarily for cyclic internal pressure loading, but may be applied
with caution to axial and thermal loads provided they remain tensile, i.e. the formulae are not applicable
for reversible loading.
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7.5.9.3 Live repairs

If repairs are applied to substrates under live conditions, then the strength and fracture toughness of
the bond at the interface between the repair laminate and substrate shall be assessed for the specific
case during operation when the internal pressure, pafter, after repair system is applied is less than the
internal pressure, piive, within the substrate during application of the repair, i.e. pafter < Plive-

To assess the strength of the bond of the repair interface, the tensile stress acting on the bond, g
(expressed in megapascals), shall be compared to the minimum bond strength defined in Annex B (lap
shear strength).

F]gu re 3 crhnmah'r‘a”y describes the lzny Uari:\h]nc' ‘AIhDY‘Q’ g is the tensile pressure arting on the

interfface between the repair laminate and the steel substrate when the pipe is depréssurised. This
tensile stress is due to the fact that the steel substrate contracts more than the compasite laminate.

1

lepair

ipe before repair (live)
1ipe after repair

1

2

3

p  design internal pressure

q tensile pressure (stress) on the interface
D

gxternal pipe diameter

ts thinimum remaining substrate wall thickness
Figure 3 — Schematic diagram of live repair

The tensile stress¢g-(expressed in megapascals), acting on the interface is given by Formula (29):

q=(Piiye— Pafter)| 1- Ests —(ac —as)(Tive _Tafter)ZECtﬂ (29)
[Ests +Ectdesign) D
where
Plive  is the internal pressure when repair is applied, expressed in megapascals;
pafter  is the internal pressure after repair is applied, expressed in megapascals;
E. is the circumferential tensile modulus of repair laminate, expressed in megapascals;
Es is the tensile modulus of the substrate, expressed in megapascals;
tdesign s the thickness of repair laminate, expressed in millimetres;
ac is the repair laminate thermal expansion coefficient, circumferential direction, expressed

in millimetres per millimetre degree Celsius;
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is the substrate thermal expansion coefficient, expressed in millimetres per millimetre

degree Celsius;
is the temperature when repair is applied, expressed in degree Celsius;
is the temperature after repair is applied, expressed in degree Celsius;

is the external diameter of substrate, expressed in millimetres.

The value of g shall be less than the short-term lap shear strength divided by a factor of three (see
Annex B). This assessment is approximate but will provide a conservative result.

7.5.94 Fi

The requirg
assessment.,
account sha
is not neces
of a fire eve|
laminate to

Strategies f(q

applicat
intact fd

applicat
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applicat
use of r

Further gui
in ISO 1469}

Further gui
spread inde

7.5.9.5 (4

For repairs
repair will 1j

ASTM G8 sh
an imposed

e performance

ments for fire performance shall be identified by the owner in the repair‘feasi
Flame spread and smoke generation shall also be considered in the aSsessment.
[l be taken of the response of the repair system. In many cases, additiohal fire prote
Kary, as the substrate may still be able to perform satisfactorily duringithe short dur
nt. However, conduction from the metal substrate can cause the temperature of the r
exceed its design temperature, limiting the performance of the zepair system.

r achieving fire performance include the following:

ion of additional repair material such that enough basi€ composite laminate will re
r the duration of the fire event;

ion of mineral wool;

ion of intumescent external coatings;

ion of intumescent and other energy-absorbent materials within the repair laminate;
bsin formulations with specific fire retardant properties.

Hance on the design and testing'ef composite laminates for fire performance is contg
D

L.

dance on the fire test(performance properties of repair laminates, smoke index, f]
X, and fuel contribution index is contained in ASTM E84.

thodic disbondment

to substrates'that are cathodically protected, it may be required to demonstrate thg
ot disbend due to the cathodic protection system.

all/befused to demonstrate that the repair system is not susceptible to disbondment y
elevtrical current.

hility

Due
ction
htion
Ppair

main

ined

lame

t the

nder

7.5.9.6 El

ectrical conductivity

For repairs to metallic substrates, it is likely that the properties of the substrate will satisfy electrical
conductivity requirements.

If the substrate is insulating, e.g. composed of FRP, and electrical conductivity (build-up of static
charge) requirements are specified, the electrical conductivity properties of the repair system shall be
measured to ensure that the original characteristics of the substrate are restored.

Electrical conductivity testing shall be carried out in accordance with ISO 14692.
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7.5.9.7 External loads

The minimum repair thickness, tyin (expressed in millimetres), to resist external pressure or vacuum
applied to the repair system is given by:

21D3/%p,

0,4
trin = (W} (30)

The minimum repair thickness, tnin (expressed in millimetres), to resist soil loads to prevent collapse
of a buried repaired substrate is given by:

2 1/3
thin =D[3(1_U )pext,soil]

2E,
(31)
2
4 D, nD* 1 D,
where Pext soil =E{D(h+z)—T+§UH‘E) 7 soilg
where
De is the external or vacuum pressure, expressed in megapascals;

Dext soil 1S the external soil pressure, expressed in megapaseals;

7 is the Poisson’s ratio of the repair laminate (see-Annex B for definition);

D is the external diameter of substrate, exptessed in millimetres;

k. is the circumferential tensile modulus of repair laminate, expressed in megapascals;
1 is the burial depth (to centrelin€))expressed in millimetres;

| is the length of the repair-taken as lqefect +2lover, €xpressed in millimetres;

Ysoilg  is the specific weightwf soil, expressed in megapascals per millimetre.

The design repair thickness; fdesign, shall be the maximum value of the minimum repajir thickness
detefmined from Formula+30) or (31) and the design repair thickness derived in 7.5.

Further guidance on trénch back-fill and other loadings can be obtained from ISO 14692 and AW WA M45.

7.5.10 Dent andfor gouge type defects

All gouges-<shall be removed by grinding. The remaining dent and, if relevant, the remaining wall
thicness after gouge removal shall be assessed by the relevant defect assessment code or|standard to
determine the MAWP, ps. The design of the repair shall follow 7.5.4.

7.5.11 Fretting type defects

When designing a repair where fretting is an issue, then the fretting resistance of the repair shall be
considered including the use of an outer protective layer, such as an elastomeric or rubber pad placed
between the repair laminate and the fretting surface.

7.5.12 Delamination or blister type defects

The design of the repair for delamination or blister type defects (within the substrate) shall follow
7.5.5, i.e. it shall be assumed that the repair system withstands the applied load with no allowance for
the remaining strength of the pipe substrate.
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air of other components

Qualification of the repair system for other components shall be as defined in B.7.

7.5.13.1 Piping system components

The following piping system components are considered:

bends;

tees;

reducern

flanges

The repair

the equivalg
to calculate
calculation {
the geometr

The first std

section of the component as described in 7.5

thickness i
calculation
second step|
correspondi

The design 1
tdesign, c
Table 11 prd

T

lesign procedure for each piping system component is a comparative apptreach basg
nt straight pipe component (same diameter and thickness). The repairi\design procg
the thickness of the repair for an equivalent straight pipe section followed by a fu
or the repair thickness increase factor, which accounts for the stress.intensification d
y of the component.

p in the design approach is to calculate the thickness of thé repair for the equivalent
, tdesign,straightpipe (éxpréssed in millimetres). This r
cludes both the repair strength calculation (7.5.4 or 7%5.5), as well as the leak se
(7.5.7), if appropriate. Performance data can be used if available following 7.5.6|
is to calculate the repair thickness increase facter based on the stress intensity f
ng to the piping system component, fih stress-

epair thickness, tdesign,component (€xpresseddn millimetres) is given by Formula (32):

mponent — tdesign, straight pipefth,stress

sents repair thickness increase factors, fin stress, for each piping component.

able 11 — Repair thickness'increase factors for piping system components
Pipi Repair thickness increase factor
iping system/component
f th,stress

Bend 1,2
Tee 2

Flange 1,1
Reduger 1,1

The axial lepgth of the repair shall be calculated from 7.5.8.

d on
ss is
rther

ue to

pipe
Ppair
aling
The
hctor

(32)

For tees, the main diameter is defined as that pipe that contains the defect. This pipe diameter shall be
used to calculate the repair thickness from the equivalent straight pipe section. The repair thickness

increase fac

tor is then applied to this repair thickness.

The axial length of repair shall be based on the (larger) dimension of the piping system component and
applies to both the axial length of repair along the main body and branch (where appropriate).
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For the repair of tees, the maximum allowable design pressure, p (expressed in megapascals), for the
repair laminate design thickness, tdesign,component (expressed in millimetres), shall be restricted to:

< 2Ecgctdesign,component (33)
D+ Dy

where
& isthe circumferential design strain of the composite repair system;

D isthe external diameter of main body, expressed in millimetres;

Dy is the external diameter of branch, expressed in millimetres;

E. isthe circumferential tensile modulus of repair laminate, expressed in megapascals.

7.5.13.2 Tank and vessel components
The following tank and vessel components are considered:
a) ¢ylindrical vessels:

1+ end dome (circular and torisphoidal), main body connection;

— supports/saddles/rigid attachments;
1 tees/nozzles;

b) gpherical vessels:

— supports/saddles/rigid attachments;
+ tees/nozzles.

For ffanks and vessels, there are currertly few applications, implying less validation of the proposed
empirical rules for the design of the repair system.

The [repair design procedure\for each vessel component is the same as that described| in 7.5.13.1.
Tabl¢ 12 and Table 13 present repair thickness increase factors for cylindrical and spheri¢al tank and
vessel components respectively.

The axial extent of the-repair shall be calculated from 7.5.8.

Table~¥2 — Repair thickness increase factors for cylindrical vessel componepnts

. . Repair thickness increase factor
Cylindrical vessel component
fth,stress
End dome, main body connection 1,1
Supports, saddles, rigid attachments 1,5
Tees, nozzles 2

Table 13 — Repair thickness increase factors for spherical vessel components

. Repair thickness increase factor
Spherical vessel component
f th,stress
Supports, saddles, rigid attachments 1,5
Tees, nozzles 2
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The axial extent of repair shall be based on the (larger) dimension of the main body and applies to the

axial length

of repair along both the main body and branch (where appropriate).

For the repair of tees or nozzles, the maximum allowable design pressure, p (expressed in megapascals),
for the repair laminate design thickness, tdesign,component (expressed in millimetres), shall be restricted to:

ctdesign,component

2F ¢
< C

where

D+ Dy

(34)

& s

D is

Dy is

E:. s
Patch repail
circumferern

7.5.13.3 Cl

Clamps are
stands off a
the clamp o
it may notb

If good bond
360° aroung
or qualificat
circumferery
Formula (13
(expressed

}lC Lil LulllfCl cutia} alluvva‘ulc dcoisu Dtl aiu, CAPI CDDCC‘[ ill llli}}illlctl CS lJCl llli}}illlctl <,
the external diameter of main body, expressed in millimetres;

the external diameter of branch, expressed in millimetres;

the circumferential tensile modulus of repair laminate, expressed in megapascals.

s are acceptable provided it is demonstrated that the performance-is’ equivalent to a
tial repair and that the axial extent of the repair is at least that defined in 7.5.13.4.

amps and other repair systems

generally applied over defects much smaller than themselves. The clamp protrud
et height from the pipework. The size of the effective.defect is a function of the geomet
" repair system. Often the outer surface of the clanip is not smooth, e.g. bolts, etc., imp
b possible to achieve a large enough outer surface area for adequate bonding.

ing between the repair laminate and the full'outer surface of the clamp can be demonst
the circumference and along the full leagth of the clamp, e.g. through coupon pull-off
ion tests on the clamp casing material, then the effective size of the defect shall be a
tial defect at each end of the clamp’of axial extent 1,5 times the stand-off height. E
) or Formula (14) shall be used to/calculate, iteratively, the minimum repair thickness
millimetres).

l[:
If good bonding between the repair;laminate and the clamp surface cannot be demonstrated

around the

flanges or o
be the axial
shall be use
repair thick

The same pr

The size of

Fircumference and alongthe full length of the clamp, e.g. for clamps with axially orien
Fher tightening meChanisms, then the effective size of the fully circumferential defect
pxtent of the clamip plus an axial distance of three times the stand-off distance. Formul4
d to calculaté.the minimum repair thickness, tyin (expressed in millimetres). The
hess shall hecalculated using Formula (32) where fih stress is taken as 1,5.

inciplesasoutlined for clamps shall also apply to the repair of non-engineered repair sysf

the defect shall be taken as the total axial length of the existing repair (axial exte

an

fully

PS or
ry of
lying

ated,
tests
fully
ither

tmin

360°
rated
shall

(13)
final

ems.

nt of

repair plus

aror lanath)
o P 3]

T ICTISCrr) ottt oo ottt or—tou—Ctoarc ottt

um

repair thickness, tmin (expressed in millimetres). The final repair thickness shall be calculated using
Formula (32) where ftj stress is taken as 1,1.

The axial extent of the repair to either clamps or non-engineered repairs shall be calculated using
Formula (18).

7.5.13.4 Patches

Repair patches are used when it is impractical for the repair to encompass the full circumference of the
component. Typically these components are limited to large diameter (greater than 600 mm) pipework,

pipelines or
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The thickness of the repairs shall be calculated according to 7.5 with reference to the relevant
component type.

The axial extent of the patch repair shall be the same in both the axial and circumferential directions.
The axial extent of the repair shall be calculated according to 7.5.8.

7.5.14 Design output
The outputs of the design calculations for the repair system are the following:

— thickness of the repair laminate, tdesign, expressed in millimetres and number of layers, n;

— fotal axial repair length, I, expressed in millimetres;
gxial extent of repair, lpver, expressed in millimetres;
— ¢ure schedule required, expressed in minutes or hours at temperature in degree Celsiuls.
The design thickness of the repair shall be expressed as number of layers, n)for installatign purposes,
in acfordance with Formula (35):
| Ldesien (35)
tlayer
where tjayer is the thickness of an individual layer of repair{aminate, expressed in millimetjes.
The minimum design thickness for the repair laminate js given by

— tlype A repairs. The greater thickness of eithertwo layers or 2 mm whichever is the grgater, and

— fype B repairs. That qualified by testing as'described in 7.5.9.1. Where the potential [for external
third-party accidental impacts is agreéd by the owner to be unlikely the minimum thickness
fequirement may be relaxed to the greater of two layers or 2 mm.

7.6 | Re-qualification of the repair system

7.6.1 Overview

If a dhange or modification to the repair system has occurred, then the testing specified|in 7.6.2 and
7.6.3|shall be completed:

If th¢ modified repait system is found to be of lower performance than the original repair §ystem, then
it shgll be treated as a new system and validated according to 7.4.5.

If thg modified repair system is found to be of higher performance than the original repair g§ystem, then
it mgy be.treated as a new system and validated according to 7.4.5, or the qualification data from the
originalrepair system may be used

7.6.2 For type A defect repairs
Re-qualification tests shall include the testing specified in B.2.

If the repair system has been validated according to B.6, then the repair system shall be subject to the
survival testing specified in E.2.1.

7.6.3 For type B defect repairs
Re-qualification tests shall include the testing specified in B.2 and B.3.

— Note that only three tests are required and results shall be compared with yyc, of the original
repair system, D.4.
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8 Installation

8.1 Storage conditions

Storage of material shall comply with the repair system supplier’s instructions. MSDS sheets shall
be retained for reference. All materials shall be stored and controlled according to national safety

regulations

(e.g. OSHA, COSHH, or similar regulations).

All materials shall be clearly labelled with relevant health and safety data, batch number, expiry date,
and any other relevant technical information.

Control of tH
if temperaty

Reinforcemd
dew point o

Shelf lives q

Disposal of
according td

8.2 Docu

8.2.1 Method statement

Each repair
main proceq

Typically th

je temperature during storage shall be maintained. (Shelf lives can be reduced signific
res are allowed to exceed those specified by the repair system supplier.)

ents shall be stored to ensure that condensation, due either to storage of material’beloy
- on movement between areas at different temperatures, does not occur.

lloted by the repair system supplier shall be observed.

time-expired material shall be carried out in compliance with)local regulations
repair system supplier’s instructions.

mentation prior to repair application

shall be covered by a method statement which is often generic in nature that describe
lures to be carried out prior to and during repair system application.

e method statement, provided by the tepair system supplier, includes the follo

and Safety, comprising
of materials to be handled in¢luding copies of MSDS sheets and COSHH statements,
hils of protective measufesto be adopted, and

of hazards associated“with equipment to be repaired and equipment in the vicinity d
hir site with protective measures.

Assurancei¢omprising

2) genericdetails of hold/inspection points in the repair application procedure (see 8.4).

ric overall QA plan, and

hntly

v the

and

s the

wing

f the

information|
a) Health
1) list
2) det
3) list
rep
b) Quality
1) gen
c)
d)

Installation procedure, including generic overview ol 1installation procedure.

Environmental, including information on disposal of unused material.

8.2.2 Work pack

Each repair shall also be covered by a work pack which is specific and relates directly to the procedures
to be performed prior to and during repair system application.

Typically the work pack, provided by the repair system installer, includes the following information.

a) Scope of work, including specific details of the design conditions and status of the component
requiring repair,
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b) Health and Safety, including MSDS sheets for the materials to be used and related COSHH statements,

c) Riskassessment, including details of tool box talk with site personnel,

d) Repair details, including drawing of planned repair, thickness, and dimensions of repair and

cure schedule,

e) Installer qualification level, defining whether a supervisor is required for the specific application.

f) Specific installation instructions, including any amendments to the generic installation
instructions provided in the method statement. These instructions shall include

+- material storage,
+ surface preparation,

+ resin system mixing,

1+ key hold points.

+ cure schedule as defined in 7.5.3, and

+ acceptable environmental conditions of site at time of repatir,

+ laminate lay-up for the component geometry,

+ laminate consolidation procedure (fibre wetting),

Further details of these requirements are listed in Ani1ex J. The key hold points to be obsgrved during

repalr system installation are dependent on the repair class and are summarized in Table 14.

a) Quality Assurance, comprising and specific’'amendments to the generic QA plan proyided in the

see Annex B).

method statement, e.g. details of any materials tests to be carried out, if specified by the owner

b) Installer certification, comprising a named list of the installers and their individual qualification

¢ertifications.

8.3 | Installer qualifications

Perspnnel involved in theinstallation of a repair system shall be trained and qualified in| accordance

with|Annex I.

8.4 | Installation procedure

The repair.system supplier shall provide full installation instructions.

Table 14 — Hold pninfc dnring installation of a rppair system

— relative humidity
— dew point

— component surface temperature

All classes
All classes

All classes

Hold point Class Checked by
Method Statement All classes Installer
Materials Preparation Installer
— reinforcement All classes
— resin All classes
Environmental conditions Installer
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Table 14 (continued)
Hold point Class Checked by
Surface Preparation
— inspection All classes Installer (Class 1)
— surface profile test Class 3 Supervisor (Classes 2 and 3)
— mechanical test (stipple test) Class 3
Filler Profile All classes (wWhere appropriate) Installer
Stage Check on Reinforcement Class 3 Installer
fibre or|cloth orientation
Tests on Repjir Laminate
— cure (anﬂl post-cure) through hard- |All classes Installer (Class 1)
ness test or fime-temperature All classes
reparinreasurements taken from the All classes Supervisar (€Classes 2 and 3
— thicknesk All classes

— repair ayial extent and taperlength
— externallinspection (see Table 16)
QA records All classes Installer (Class 1)

Supervisor (Classes 2 and 3

Pressure Tedt Inspection authority

8.5 Repajr completion documentation

The following documentation shall be provided “by the repair system installer to the owngr on
completion pf the repair. All records should be.fetained by both the owner and repair system installer
for the duration of the repair design lifetimeé,

a) Repair Details, comprising:
1) rephir reference number;
2) loc3tion of repair.

b) Repair Design, comprising details of laminate lay-up:
1) desjgn datafAnnex A) and calculations;

2) reppir sketch;

3) number of layers;
4) repair area covered including axial extent;

5) orientation of individual layers of reinforcement (this may be presented as a written description
or a drawing incorporating standard details such as overlap and taper dimensions and length
information).

c) Material records, comprising:
1) repair system supplied;
2) resin type and quantity;

3) reinforcement type and quantity;
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4) batch number of materials.
d) Repair Application, comprising:

1) details of surface preparation procedure, including method of application, equipment used and
inspection and testing method;

2) details of actual defect size and location;

3) details of the environmental conditions including dew point temperature, ambient temperature,
substrate temperature and relative humidity and any relevant limitations;

) detalls of the tiller used to achieve a smooth outer profile prior to the application of the laminate;

1

%) details of time limitations between stages of the repair, e.g. between surface preparation
and lamination;

6) details of the mixing of the resin and hardener;

T) details of lay-up procedure including orientation of the repair laminate, including also if the
repair laminate was applied in stages;

8) details of curing schedule and comparison with specified.cure schedule (if carried put - usually
Class 3 repair only).

e) Quality control records, comprising:
1) repair reference number;

2) visual inspection report;

3) thickness measurement;

4) repair axial extent measurement;
%) curing details (time, temperature) and if performed post curing details, temperatufre and time;
6) personnel (installer) applying the repair system;

7) Barcol or Shore hardness measurement (if carried out);
8) DSC measurement (if carried out);

9) bond strerdgth measurement (if carried out);

10) Inspection and NDT results (if carried out).

f) Independent inspection, comprising test report (if carried out).

g) $etrvice inspection, comprising details of service inspection intervals and repair condition
monitoring guidance (Clause 9).

8.6 Live repairs

Repairs to defects that are not through-wall within live substrates may be performed, provided that
the associated hazards are fully considered in the repair feasibility assessment (7.1) for the operation,
e.g. for grit blasting and heat blankets. This shall include any hazards to surrounding live equipment in
addition to that being repaired.

Repairs to defects that are through-wall within live substrates may be performed provided that all
leaks can be stopped by alternative means reliably for the duration of the repair application and cure
time and that the leak sealing methods are fully considered in the derivation of the repair thickness in
accordance with 7.5.7,7.5.9.3, and 7.5.13.3.
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Post-curing using elevated temperature heating should not be undertaken on live pipes unless it can be
demonstrated the required post cure temperature can be achieved within the repair laminate.

8.7 Repair of clamps, piping components, tanks, or vessels

Guidance for the surface preparation of clamps, piping components, tanks, and vessels is the same as
for repairs on straight pipe (see Annex |).

The axial profile of the repair laminate in the transition from the main pipe body to the component
causing the protuberance should be at least tapered with taper dimension of 3 (axial direction) to 1
(radial direction). The precise details of the repair, e.g. repair laminate lay-up and orientation relative

to clamps, giping components, tanks, or vessels, shall be provided by the repair system supplier} The
arrangements at the edges of the repair, e.g. tapering, profiling onto raised faces, shall also be proyided
by the repaifr system supplier.

8.8 Envirjonmental considerations

Only repair] materials that allow for satisfactory disposal according to prevailing environmgntal
regulations ghall be used as described in the method statement, 8.2.

Information| and procedures for disposing of unused chemicals, resins, and waste shall be provided by
the repair system supplier. Incineration in the open air shall not be perfotmed.

9 Testing and inspection

9.1 Genefal

This subclayise provides guidance on the post-installation operational issues of repair systems| The
installation|of a repair system should not influenCe or prevent any internal inspections (e.g. [from

pigging insp
The main is

inspect
— inspect

inspect

The basic st

ection tools) that are performed on the substrate.

sues for the non-destructive exaimjnation of a repair system are the following:
on of the repair laminate;

on of the bond between-the repair laminate and the substrate;

on of the substrate-inderneath the repair laminate.

Fucture of a reépair system in this context is considered in Figure 4.
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%P@'e 4 — Schematic of a repair system (not to scale) and location of defects
<

9.2 "Allowable defects Tor the repair system

The defect types and respective allowable limits for the different sections of the repair system are given in
Table 15 prior to application of the repair and in Table 16 for after installation of the repair and in service.

The defects that are listed for the repair laminate and resin-rich layer are likely to arise during
installation, as opposed to being caused as a result of deterioration in service. As a result, process
control and monitoring of the repair material as it is being applied is the primary means of assuring
good quality. The information given in Table 16 is typical of that used for composite process equipment,
e.g. GRP piping (see ISO 14692).

The defects that are listed for the interface between the repair laminate and the substrate refer
primarily to the loss of adhesion. As with the repair laminate, the defects listed for the interface are
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generated during initial application. In the majority of cases, deterioration during service manifests
itself as an interfacial delamination.

Table 15 — Quality assurance checks for the substrate prior to application of the repair

Repair section

Defect

Allowable Limits

Substrate prior to repair appli-
cation

Check substrate material is that for which the repair has been designed

Changes in geometry

Repair area to be free of sharp changes in
geometry (all radii > 5 mm), or sharp geome-

4 raloa Lo A
Ty U OCTarr U iIT

Surface preparation

In accordance with repair system specifjca-
tion

Axial length to be in accordance with degign

Surface temperature

In accordance with repaindesign

Defect

Dimensions do not execeed’those for whigh
the repair has been-designed

Defect nature to‘be'that for which the repair
has been desighed

Location of repair

Axial exténtiand positioning to be in accrd-

ance with design

repair at thelends of the repair,
including adhesive fillets

(cracks between the pipe and
the repair)

Table 16 — Inspection requirements for the repair laminate after installation and in servjce
Repair section Defect Allowable Limits
Interface befween pipe and Delamination None allowed

Tap test may help identify presence of ddlam-
inations

Surface of R¢pair
(Resin-rich layer)

Cracks

None that penetrate into the repair lamihate

Foreign-matter and, blisters

Maximum 10 mm in width, 1,5 mm in hejght

Pits

Maximum 25 mm in diameter, 1,5 mm in|
depth

No limit for depths shallower than 1mm

Wrinkles No step changes in thickness in height
greater than the lower of 1,0 mm or 20 % of
the Repair Laminate design thickness

Pin holes None deeper than resin-rich layer

Resin colour Uniform

Dry Spots None

Finishing materials

None (should be fully removed before inspec-
tion is completed)

Repair laminate

Fibre orientation

As specified in design

Un-impregnated/dry fibre None
Exposed cut edges/ fibres None
Foreign matter None

Axial extent and positioning of
the repair

As specified in the design

Does not extend beyond prepared surface

Impact damage

None
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Table 16 (continued)

Repair section Defect

Allowable Limits

Delamination within laminate

None allowed

Tap test may help identify presence of delam-
inations

The defects that are listed for the substrate relate to those that have been repaired and to possible
continued degradation of the wall thickness after repair, due to internal corrosion or erosion. Monitoring
of the remaining wall thickness may be required to ensure that the repair system continues to operate

within the original design assumptions

repa|r system after installation and during service. The photographs in Table 17 are
interjpretation of the defects listed in Table 16 and their respective allowable lim{\ .

Table 17 — Pictorial description of defects after installatioﬁ?}ﬁ in-servic

nded to aid the

Tabl¢ 17 presents a pictorial representation of some of the typical defect types t;;'!\cc;n occur in a

A1

N

Interfacial delamination

Dry fibres

Exposed fibres
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9.3 Repair of defects within the repair system

Repairs containing defects that exceed the limits in Table 15 and Table 16 should be removed and
another repair system applied. However, on agreement with the owner, local removal of the damaged
area and re-application of the repair system materials to this area are allowable if the repair system
supplier can demonstrate that this will restore the full performance of the repair.

Dry areas in the resin-rich surface layer should be repaired by abrading and cleaning the affected area

and then wetting out with more resin.

9.4 Inspection methods

The repair system supplier should provide guidance on techniques and methods for inspe@t\?ﬁ

repair systgm. Further guidance could be provided by inspection technology companies:

techniques

or during the repair design lifetime. In most cases, the requirement is not to insp

laminate, b
integrity of

pe
ay be applied immediately after the repair system application as a base line‘ine
t to inspect the defect within the substrate with the overall aim o
Lhe complete system, i.e. substrate and repair.

P@gsnstratin

O
2

sure
he comp|

b the
ction
ment
osite
b the

9.5 Repajr system maintenance and remedial options 5\
9.5.1 Overview QQQ
The appropriate maintenance and replacement strategy for r systems is a function of the|type

@gp leted to determine the approp

of original defect in the substrate. A risk assessment shall be riate
strategy and shall consider the guidance given in this subcl ~Annex L provides informative guidance
on how to manage the overall integrity of repair system qg&hcatlons
A\g

9.5.2 Conldition of the repair - visual lnspectlorb

Visual inspection of the repair laminate for._déefects in accordance with Table 16 and Table [I7 is
recommended as part of the maintenance tegy. If defects are located, then further assessment
shall be ma Id be

determined

A photograr

e in conjunction with the repair system supplier. The frequency of inspection shou
in accordance with the ri@essment.

h of the repair should b@aken and retained for comparison with future inspections.

Table 18 — P@&ial guide to coating requirements at ends of repairs
yaN

Coating at end of repair present and good condition

corrosion has started

Coating at end of repair has not been installed and

Where the pipe is coated, then in addition to the inspection detailed above the inspector shall confirm
that an additional coating covering the ends of the repair is present and in good condition, Table 18.
If no coating over the ends of the repair is present and the pipe substrate is in good condition then a
coating should be installed. If corrosion is visible at the ends of the repairs then the fitness for purpose
of the repairs shall be considered by a re-assessment of the design requirement.
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9.5.3 Condition of the pipe substrate

9,5.3.1 External defects

For external defects, it is assumed that further deterioration of the defect is stopped on application of
the repair laminate. Therefore, the maintenance strategy should be to ensure that the repair laminate
remains intact, i.e. the repair laminate is not damaged or partially delaminated from the substrate.

Inspection of the pipe beneath the repair should be considered for all Class 3 repairs. Radiography and
eddy current techniques have been successful in interrogating the pipe beneath the repair; further
advice can generally be obtained from the repair system supplier and specialist inspection companies.

It is
muc

For

confi
then
use g

9.5.3

For i
contj
in 9.
grea
Ther
read

The {

Insp
to d¢g
radid
the 1
inspq
the 1
subs

9.54
If thd
1

1

!

ecommended that a baseline inspection 1s completed after installation of the repair
simpler to identify changes than to interpret the information gained by subsequenti

[lass 3 repairs with design lifetimes greater than two years, consideration ‘shiould

8

ecause it is
pections.

be given to

rming that internal corrosion has not commenced. If internal corrosion is‘determinled as active

a suitable strategy to mitigate the threat should be determined (e.g. change'in proces
finhibitors or reduced life of repair etc.).

.2 Internal or through-wall defects

nternal corrosion or through-wall defects, further deteriofation or growth of the
nue despite application of the repair laminate. Therefore in addition to the requiren

b conditions,

defect may
ents set out

b.3.1, the maintenance strategy should ensure that the ‘internal defect does not grow to a size

er than assumed in the design or that the repair lamiinate does not delaminate from tH
efore information of the acceptable defect size détermined by design shall be reta
ly available.

requency of inspection should be determined in accordance with the risk assessment.

ection of the pipe beneath the repair shall be considered for all Class 3 repairs the obj
monstrate the defect in the pipe remains within the acceptable limit determined by d¢
graphy and eddy current technigues have been successful in interrogating the p
epair; further advice can generally be obtained from the repair system supplier ar
bction companies. It is recomimended that a baseline inspection is completed after in
epair because it is much simpler to identify changes than to interpret the informatig
pquent inspection.

Remedial options
assessment'determines that replacement is required, then remedial options include t}
emovaleftherepair (e.g. through ultra-high-pressure waterjetting or gritblasting) and

epadir'of the repair laminate. In this case, the damaged repair laminate should be consi

e substrate.
ned and be

ective being
psign. Again,
ipe beneath
d specialist
stallation of
n gained by

e following:
eplacement;

dered as the

defect for design purposes and a new repair designed according to 7.5;

1

ocalized repair of the damaged area (see 9.3).

In the event of interfacial failure of a repair system, the preferred course of action is to remove

the repair laminate. The repair of a failed repair by the simple application of additional material,
particularly if the leak is caused by a delamination at the repair laminate/substrate interface, is
unlikely to be successful and is not recommended.

9.5.5 Extension (re-validation) of repair design lifetime

The decision to extend the repair design lifetime shall be documented along with supporting records
which shall be retained for future reference (records shall include the risk assessment, original and any
revised design assessments and the original installation documentation for the repair).
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9.5.5.1 (Class 1 and 2 repairs

For extending the lives of Class 1 and 2 repairs, it may be considered sufficient just to leave repairs in place
if failure of the repair leads to a benign leak. If the fluid presents a hazard or the consequence of failure is
unacceptable then the requirements for extending the lives of Class 3 repairs, 9.5.5.2, shall be followed.

9.5.5.2 (Class 3 repairs

It is possible to re-validate or extend the lifetime of Class 3 repairs. To re-validate the lifetime of a
repair, the design and installation details must be available (these shall include records of the surface
preparation of the substrate and the design and cure of the repair met the original specifications) and the

the repairs

installation:F

to a maximyim of 20 years (from the time the repair was installed). Re-validation of the repair d

lifetime is p
inspection (¢
installed wH

For re-valid
i.e. increme
underlying {

ecords must be sufficient to demonstrate the repair was installed 1n full complianee
pplier’s procedures. It is recommended that repair design lifetimes are only re-validate

erformed by re-designing the repair based on the required lifetime and the mfpst'up to
ata on the defect of concern. This re-design may result in a thicker repair, than curr
ich implies that extra layers of repair material must be added to the existing repair.

with
ed up
PSign
date
ently

htion of lifetimes greater than 20 years, only a moderate lifetime extension is recommended,

nts of no more than 5 years. It is further recommended that the‘repair and the subs
he repair are fully inspected before considering re-validation.

Re-validatign of the repair design lifetime is performed by re-designingthe repair based on the reqy
lifetime and the most up to date inspection data on the defect of.concern (9.5.3). This re-design|
result in a ghicker repair than currently installed which implies\that extra layers of repair mat

must be ad

9.5.6 Futy
Existing rej
repair syste
aresult of i
The princi

10 Systen

System pre
relevant deq

All repairs
testing.

The repaire

The recomn

pTes set out in 9.5.5 shall be followed:

ed to the existing repair.

ire modifications

air systems may be modified, but only, after a design re-assessment performed b
m supplier. Modifications considered include extension of length of repair or thickne
creased corrosion activity, newly-discovered defects or a change in operating paramsg

1 testing

bsure testing should . be specified by the owner if required or as recommended by
ign standard for the-substrate.

shall be cured‘in accordance with the repair system supplier instructions before syj

1 systénnrshall be flushed with an appropriate medium prior to testing.

nénded procedure for hydro-testing is as follows. The hydro-test should be perform

trate

hired
may
erial

Uy the
Ss as
ters.

/ the

stem

ed at

1,1 times tl

€ AeSigIT pressure for a period of at tfeast 60T, during witich any changes im pre

sure

and temperature shall be recorded. Any signs of leakage from the repair laminate shall be cause for
rejection of the repair system.

In some circumstances, the owner may specify a hydro-test to 1,5 times the design pressure instead of
the requirements of the previous paragraph. All supports and anchors shall be in place prior to pressure
testing. Temporary supports or restraints should be added if necessary.

If the test pressure exceeds the pressure for which the repair system has been designed, then this higher
pressure shall be considered as a separate design case. For the purposes of the design calculation, the
hydro-test condition shall be treated as an occasional load.

Further guidance on system testing can be found in ASME PCC-2 Article 5.1 or other relevant documents.
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11 Decommissioning

Reference should be made to the risk assessment prior to decommissioning of a repair system. If
necessary, a separate risk assessment should be carried out.

The removal of repair material may be achieved by mechanical means (e.g. grit blasting, high-pressure
water jetting). Procedures should be put in place to contain any dust that may be generated. Care should
be taken to avoid damage to adjacent equipment that is to remain in service.
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Annex A
(normative)

Design data sheet

This annex provides an example of a design data sheet. This data sheet shall form the basis of the scope

of work provided by the owner to the repair system supplier, and shall be used in the preparation of the

design of the repair. One sheet shall be completed for each repair required. (O
N

Customer Dtails ’ ‘]>)

I\ .
Contact nr\

Company nb:o
Address @) v

X
Postcode |C0untry R QV[
Telephone \0\

Fax N
E-mail .$ -

Job Referenge A’\‘()

Pipe Details . N~
Installation C)\\

Location

le
v

Quantity (number of)

K¢

Pipe identifi¢ation )

Pipe referenge ,.,\GJ

Pipe specifidation RO
Material/Grade v?
A)

External diameter @q)

Original wal th}(l&é\ss (mm)
Pipe contentf C)

Design temperature (°C) Minimum Maximum

Operating temperature (°C) Minimum Maximum

Pipe coating (existing)

Existing repair on pipe for leak
sealing

Repair class and lifetime

Repair class

Repair design lifetime (years)

Other data
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Loading Operating Design Test Comments
Pressure rating (MPa)
Axial Load (kN)
Bending moment (Nm)
Shear load (kN)
Torsion (Nm)
Othefr loads (N) A
NOTHE 1 Any original design calculations, piping isometrics should be appended to this datasheet. Q'\‘J
NOTE 2 Loads should be defined as either sustained or occasional in the comments column. A fl/
\
%'\
Detdils of Defect Area ﬂb‘
vV
Atta¢h drawings of pipe system, inspection reports, digital photographs, etc. w@e available. Indidate any
access restrictions and proximity to other equipment. N\
o
&
QV
$
S
¥
AN
- “‘
AN
S
O
&
)
4
N
AN
Q~
Repair Specification r.AO ’
Typd of defect X N\
Natulre of defect OS)
S
Currgnt size (\?‘ Area (mm?2) Depth (mm)
Projg cted&l%\/ Area (mm?2) Depth (mm)
Cause,.:&\, Corrosion Erosion
Effect ~ Externat nternat
Perforated
MAWP (MPa)
Anticipated Conditions during Implementation of Repair
Pipe temperature (°C) Minimum Maximum
Ambient temperature (°C) Minimum Maximum

Pipe

pressure (MPa)

Pipe

contents

Hum

idity (%)
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External environment

Constraints

Facilities to be Provided by Client/Installation (surface prep., etc.)

Other Inforpration

NOTE This

should include any remarks on previous repairs, fire protection requirements, etc.

Prepared by:

Date:
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B.1

Thisjannex describes the qualification data that the repair system supplier shall provide,

Itis

preppration procedure, repair laminate, filler material, adhesive and applicationmethod (s

B.2

For all repair classes, the following data are required:

Key
1

ISO 24817:2015(E)

Annex B
(normative)

Qualification data

General

d requirement that all qualification tests be carried out using the same substrate‘matg

Data for repair laminates

ply or layer thickness of the repair laminate;

lensile modulus strain to failure and strength in the citcumferential direction, determ
dccording to Table 4;

lensile modulus, strain to failure and strength in‘the axial direction determined by te
o Table 4;

Poisson’s ratio in the circumferential direction (i.e. load direction circumferential,
dxial), determined by test according to*Table 4;

ghear modulus, determined by test-according to Table 4. The test specimen geomet
iiln Table 4 and Figure B.1. This figure presents the orientation of the test sample a
ASTM D5379. Alternatively,.the shear modulus of the resin may be used;

/ /1 ForGs; 1

| ..

e

2

rial, surface
be Clause 5).

ined by test

st according

contraction

ry is shown
5 defined in

direction parallel to laminate lay-up (see ASTM D5379, G31 for details)
Figure B.1 — Test specimen geometry from ASTM D5379

Barcol or Shore hardness determined by test according to Table 4;

— glass transition temperatures (Tg) or heat distortion temperatures (HDT) for the resin system,
determined by test according to Table 4 for a range of relevant cure times and temperatures. The Tg
of a system is not a unique value but will vary with cure temperature and time held at temperature.
Where materials are intended for service at above ambient temperature (i.e. >40 °C) then values of
Ty shall be measured for a range of cure temperatures at, for example, 10 °C or 20 °C intervals, and
the relevant value shall be used in the repair design, 7.5.3. The installed repair will then be subject
to the same cure schedule to ensure the required T has been achieved. Many polymer systems
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exotherm as they cure and this can generate a temperature increase and a high value of Tg. The
peak temperature achieved during curing shall be measured where the stated T is more than 30 °C

above the cure temperature and this peak must be replicated on site.

— thermal expansion coefficient in the axial and circumferential directions, determined by test

according to Table 4.

B.3 Data for interface adhesion strength

The objectives of the followmg tests are not to produce data for use in design. The intent
demonstrate-tha : adequ ddurabi
laminate. Npte that short term strength measurements are not necessarlly a good 1nd1cator of
term performance.

is to

For all repailr classes, data on the short-term lap shear strength determined by test according to T4

are required. This short-term test shall be used to determine the average shear strength (mini

value 5 MPa)) or the locus of failure (composite laminate remaining on a minimum of 30 % of the boltlded

area). The substrates used in this test should be identical and be of the same material and lay-
the repair Igminate. Alternatively, it shall be demonstrated that the adhesive bond is stronger tha
shear strength of the repair laminate by assessing the surface of the substrate material used in
shear specimen after testing.

For Class 3 nepairs, if evidence of long-term durability of the adhesivebond between the repair lamj

and the substrate is required and performance-based testing hasot been carried out to provide

for design (dee 7.5.6), the long-term lap shear strength shall be determined by test according to Tal

This test shpll be carried out following immersion in water {o¥ other relevant medium) at the d
temperatur¢ for 1 000 h. The average shear strength determined from this test shall be at least 30
the value fr¢m the short-term lap shear test determined-above.

B.4 Requirements for repairs to substrates with non through-wall defects (Ty
A design case)

The objectiye of the short-term pipe spaol survival test, in accordance with Annex C, is to defin
maximum percentage wall loss that shall'be repaired.

B.5 Requirements for repairs to substrates with through-wall defects (Type B
design case)

For all repair classes, thedollowing data are required:
— fracturg toughness parameter ycL, determined by test in accordance with Annex D:

— impactperformance, determined by testin accordance with Annex F which determines the mini

pe

e the

mum

acceptahlesthickness of repair;

— degradation factor (optional) Annex G.

B.6 Performance testing

The supplier may carry out performance testing to determine design allowables in accordance
Annex E. The long-term strain to failure design allowables are determined by either the following:

— 1 000-h survival;
— regression testing;

— representative repair laminate coupon regression testing.

with
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B.7 Other components

A single test for each representative pipework components (only bends and tees shall be considered)
identical to one of those described in Annex D (same diameter, wall thickness and one selected defect
size), shall be performed on components other than straight pipe sections to demonstrate the repair
system performance.

A 90° bend shall be selected as the representative component for pipe bends. The defect location shall
be as indicated in Figure B2.

An equal tee shall be selected as the representative component for pipe tees. The defect location shall

be as mdicatad i I
g 1IIfvdicvdalceuu 11

Figure B.2 — Defect location within component

The fepair system shall be considered qualified if the failute pressure of the test is greater than or equal
to the failure pressure of the equivalent straight pipe se€tion for the appropriately design repair system.
B.8 | Summary qualification test reports

The ffollowing Table shall be presented by-a repair supplier to demonstrate complian¢e with this
Interjnational Standard.

Repdir system name

Qualjfication test temperature'(°C)

Repdir curing conditiens (temperature and time) Cure Te(r?(%erature Cure tjme (hrs)

B.2 1 Repair laminate data

Ply Il laynv' thicknesg (mm)

Circumferential direction - tensile modulus (GPa)

Circumferential direction - strain to failure (mm/mm)

Circumferential direction - tensile strength (MPa)

Axial direction - tensile modulus (GPa)

Axial direction - strain to failure (mm/mm)

Axial direction - tensile strength (MPa)
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Poisson’s ratio in the circumferential direction

Shear modulus (GPa) (refer to Figure B.1)

Barcol or Shore hardness (of cured laminate)

Cure .
Glass transition or heat distorion temperature (°C) Temperature Cu{ﬁrtsl)me Ty (°C)
0
)
A
N\
N
Vv
Peak exothefm temperature measured for Tg sample (°C) X cs)
Circumferential direction - thermal expansion coefficient (mm/ ‘\\v
mm/°C) o
Axial directipn - thermal expansion coefficient (mm/mm/°C) /)0\
X
N

B.3 - Repail/laminate/substrate interface/surface prepa-

ration techique \(\Q)

Short-term lap shear strength (MPa) N
W

Long term lajp shear strength (MPa) \O )

o

B.4 - Short-ferm pipe spool survival test

Report on short-term pipe spool survival testas described in

c3 Q
O

B.5 is only rqquired to be comple

@-f)or qualification of Type B
repairs

B.5 Requirerents for rep@@fsubstrates with through wall
defects o

\
Report on enfergy rel rate calculation, yc, as described in
D.5 (including sur preparation method)

Report on in ;%’t\)erformance as described in E.3 (quoting
repair thickness-and-numberoflayers)

Optional repair on measurement of degradation factor
described in G.4

B.6 Performance testing - optional

Report on performance testing as described in E.3

B.7 Other components

Tee

Bend
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Annex C
(normative)

Short-term pipe spool survival test

General

This
defeq
C.2

The
lengt

annex describes the test method for qualification of repairs to non through-wall idef§
t). The purpose of the test is to determine the maximum percentage wall loss that.can

Method

ollowing test shall be completed using a metallic pipe of at least 100 mm diameter ar
h of six times the diameter in addition to the length of the repair.

A def
pipe

the defect shall be 80 % of the original wall thickness. A radius/may be machined outside th

defeq

ects (Type A
be repaired.

d minimum

ect shall be machined into the pipe. The defect shall have an axial length, /, of at least onpe half of the

diameter and a circumferential width, w, of at least one-quarter of the pipe diameter.

t, but the dimensions of machined area shall not exceed 2] nor 2w, as shown in Figure

[he depth of
e edge of the
C.1. To avoid

stregs concentrations, the interior and exterior corners.should be machined with a radius.[The edge of
the repair shall be at least three times the pipe diameter’away from the ends of the pipe spgol.
The test pressure of the spool, pr (expressed in megapascals), shall be calculated using Forrhula (C.1):
2ts

Yr = Da (C.1)
whertte

¢ is the wall thickness ofthe undamaged spool, expressed in millimetres;

D isthe external pipe spool diameter, expressed in millimetres;

N

A repair laminat€ shall be applied to restore the pipe spool to pressure, pr. The minimum

ther]

2 is the measuréd-yield stress or mill certification, expressed in megapascals.

epair shall be calculated using Formula (C.2):

thickness of

trepair 2#[%_5611:5] (C.2)
c¢short
where
ts  is the remaining wall thickness of the pipe spool at the defect, expressed in millimetres;
E. isthe tensile modulus in the circumferential direction of the composite laminate expressed

in megapascals;

Eshortis the short-term failure strain limit of the composite laminate, defined as 0,008.

The actual repair thickness shall be determined by dividing this calculated thickness by the individual
layer or wrap thickness. The required number of wraps of the repair shall be this number rounded up
to the next integer. The actual repair thickness shall be the number of wraps times the individual
wrap thickness.
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The repaired spool shall be pressurized to pr. Pressure testing shall be in accordance with ASTM D1599.

Successful demonstration requires the repaired pipe spool to survive the pressure loading to pr. If
successful, then the repair system shall be considered qualified for repair of defects up to the selected
depth of defect used in the test.

C.3 Report

A report shall be prepared giving the test conditions, details of the repair system and the individual test
results and the maximum wall loss that can be repaired.

Key
1
2

58

defect
machine

2wW

> 2D and w>D/4

H area (including taper)

1

Figure C.1 — Defect dimensions
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Annex D
(normative)

Measurement of yi cL for through-wall defect calculati

General

on

This

for the repair laminate/substrate interface, y1,cL, to be used in Formulae (11), (12), (13),-and

D.2

Sections of metallic pipe of minimum diameter 100 mm and minimum_thickness 3 mm s}

To rd
lami
with

The
antid

Inten
The {
The {

A mi
of di
using
hole
(med

Fail
leaki
the t
thesé
shou

D.3

1:|;es should take the form of delamination of the repair laminate from the substrate,

annex describes the test method for measurement of the toughness parameter (energy

Method

present typical defects, circular holes shall be drilled through thewall thickness an
hate applied following the qualification application procedure. The repair system sha
the defects in the 6 o’clock orientation.

metallic pipe section used for the preparation of the test'specimen should be approp
ipated failure pressure of the repair. Yielding of the pipe prior to failure should not oc¢

nal pressure shall be applied, and the value at whi€h the repair begins to leak shall be
est shall be carried out at the qualification test'temperature.
est pressure shall be increased in accordance with ASTM D1599.

himum number of nine tests shall be ¢arried out, covering a minimum of three hole siZ
bmeters 10 mm, 15 mm, and 25 tam. For the larger diameters, the defect may be s
b a smaller hole and a circular polymeric release film of the appropriate diameter pla
prior to application of the «epair laminate. The holes shall not be filled or sealed by
hanical or chemical) priot.to application of the repair.

g from the edge of-the repair laminate. At small hole sizes, failure can occur through
est fluid throughtthe thickness of the laminate or through yielding of the substrate. |
e tests should)be disregarded and a new test carried out using a larger hole size. All {3
|d relate to'the delamination failure mechanism.

Calculation of yicL

elease rate)
(14) in 7.5.7.

1all be used.
d the repair
1 be applied

riate for the
ur.

recorded.

es, typically
imulated by
red over the

any means

followed by
1 weeping of
h this event,
ilure points

The value of y1cL, expressed in joules per square metre, shall be calculated by fitting Formula (11) in

7.5.7

to the data.

The following procedure shall be followed, using Formulae (D.2) through (D.6), where:

n

pi

is the number of observed data points [A(d}), pi];

is the pressure, expressed in megapascals, at failure of observation i, where i =1,

n;

A(d;) isthe function of defect size and repair laminate properties of observation i, where i = 1,n;
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A(d)) is defined as shown in Formula (D.1):

pi=A(d)\y; (D.1)

where
0,001
Ad;)= - (D.2)
pla-vh[ 3 4 1,1 3
[ E,. 1512ti3 "'n ’J 64Gt; ' J

and where

Eac i§ the combined tensile modulus of the repair laminate /E_E . , expressed in megapascpls;

G id the shear modulus of the repair laminate, expressed in megapascals;

v id the Poisson’s ratio of the repair laminate (see Annex B for definition);

d; idthe diameter of defect, expressed in millimetres;

ti id the thickness of the repair laminate, expressed in millimetres.

The mean energy release rate, Yiean, is calculated using Formwla (D.3):

2

D" A(d;)p;

i=1

ifl(d,-)2
i=1

Y mean =

The lower cpnfidence limit of the energy release rate, yLcL, is calculated using Formula (D.4):

D A(d)p;
=1

iA(d,-)2
i=1

t,o

YLCL = ] v

12

fA(d,-)2
i=1 ]

where o is the variance of measurement of pressure and is given by Formula (D.5):

(D.3)

(D.4)

i=1

4 . ap g [ 2
D AN T mmean)

O =

(n-2)

(D.5)

and where tv is the Student’s t value and is based on a two-sided 0,025 level of significance, i.e. 95 %

lower confidence limit. Values of t, are given as a function of number of variables, n, in Table D.1.

Table D.1 — Student’s ¢ value for double-sided 0,025 level of significance

Number of variables Degrees of freedom Student’s
n-2 t(0,025)
5 2,841
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Number of variables Degrees of freedom Student’s
n-2 £(0,025)

6 2,752

7 2,685
10 8 2,634
11 9 2,593
12 10 2,560
13 11 2,533
14 12 2,510
15 13 2,490
16 14 2,473
17 15 2,458
18 16 2,445

The yalue of y1,cL, calculated from Formula (D.4) shall be used in Formulae (12) to (15).

D.4
If thd

is avpilable for other substrates. In this procedure, enly three tests are required to be con
thre¢ tests should be identical to three of the nine tests in terms of repair thickness ang

used

The ¥

In th

D.5

A re
the 1
indiv

Qualification of other substrates

in the full qualification test programme.

ralue of y for this substrate, substrate 2,.91.cL substrate 2, s given by Formula (D.6):

_ Y mean,suibstrate2
LCL,substrate2 — yLCL,substratel
mean,substratel

is formula, “mean” implie§ the average of the three tests.

Test report

port shall be)prepared giving the test conditions (including test temperature) an|
epair methed, including the materials of construction and surface preparation te
idual datapoints and the derived value of ycL.

repair system has been fully qualified for one substrate, then a simplified qualification procedure
hpleted. The
| defect size

(D.6)

d details of
rhnique, the
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Annex E
(normative)

Measurement of performance test data

E.1 General

If suppliers
have to carn

carry out performance-based testing then this annex shall be followed. Suppliers d
y out performance testing to qualify their system; it is an option for them to cheose.

b not

This annex fescribes the test methods for measurement of design allowables to be used‘in 7.5.6] The
test methodss options are the following:
a) survival testing, in which the repair system is subjected to a period of sustained load for 1 00() h;
b) regressjon testing based on a series of tests on the repair system over‘different time period$ and
extrapollation to design life;
c) regressjon testing of representative coupons, followed by confipmation of long-term coupor] test
results with survival testing.
All tests shalll be carried out at the qualification test temperatube.
E.2 Methods
E.2.1 Suryival testing
Sections of pipe of minimum diameter 100(mm and minimum thickness 3 mm shall be used angd the
repair system applied.
A value of internal pressure, ptest_(expressed in megapascals), shall be applied (as defined by the
repair systgm supplier) and sustained for 1 000 h. If any deterioration of the repair laminate in the
form of cracking or delaminatien’ occurs, then the repair system shall have failed the test. Three
identical tepts shall be performed, and repair system qualification is only achieved if the repair
laminate sufvives all threetests.
If yielding qf the substrate underneath the repair has not occurred then the 95 % lower confidence
long-term sfrain, ejp(expressed in mm/mm), is calculated using Formula (E.1):
ptestD
Ep = E.1
lt Z(F‘Lrlllill Fbrb) ( )

Otherwise, the 95 % lower confidence long-term strain, ¢j; (expressed in mm/mm), is calculated using
Formula (E.2):

(E.2)

1 DrestD ¢
et = E 2 Sals
EminLc
where
E. isthe circumferential modulus of the repair laminate, expressed in megapascals;
Es  is the modulus of the substrate, expressed in megapascals;
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D is the external diameter of test spool, expressed in millimetres;

sy isthe measured yield stress of the surface, or the mill certification yield stress;
tmin is the thickness of repair laminate, expressed in millimetres;

ts  isthe thickness of substrate test spool, expressed in millimetres.

Further guidance on survival pressure testing procedures may be obtained from ASTM D1598.

E.2.2 Regression testing

Sectilons of pipe of minimum diameter 100 mm and minimum thickness 3 mm shall beTised and the
repalr system applied.

A seifies of test specimens shall be subject to sustained pressures of different values. The time at which
the repair laminate shows signs of deterioration defined as cracking or delamination shall be recorded.
The results shall be plotted (log/log) and the required long-term pressur€) shall be determined by a
regression analysis using the 95 % lower confidence limit and extrapolation to design life.

If yiglding of the substrate underneath the repair has not occurréed ‘then the conversidn from test
pressure, prest (expressed in megapascals) to strain, € (expressed in mm/mm), withip the repair
laminate for each data point shall be carried out using Formula/(E:3):

PtestD
" 2(E b +Ets) (:3)

c“*min

Otherwise, the 95 % lower confidence long-term strain, ¢j; (expressed in mm/mm), is calcplated using
Formula (E.4):

1 D
(P -
tminEc 2

(99}

wherte
E. isthe circumferentiatmodulus of the repair laminate, expressed in megapascals;
Es  isthe modulus ofthe substrate, expressed in megapascals;

D is the extermalhdiameter of test spool, expressed in millimetres;

da  isthe nteasured yield stress of the surface, or the mill certification yield stress;
tmin isthethickness of repair laminate, expressed in millimetres;

tis ~ Nis the thickness of substrate test spool, expressed in millimetres.

At least 18 results are required in order to perform the regression analysis. ASTM D2992 provides
further guidance on the long-term testing of composite materials and ISO 14692 provides guidance on
the analysis of the data to calculate sq.

E.2.3 Representative coupon testing

Representative coupons of the repair laminate shall be made up and tested in a manner comparable to
the actual repair system laminate, where representative means having identical laminate constituents,
volume fraction and fibre orientation. Comparable loading means coupons shall be loaded identically to
the in-service repair laminate (e.g. uni-axial tension or bi-axial tension).

At least 18 coupons shall be tested under constant load to failure (data points in terms of number
and length of time of testing in accordance with ASTM D2992, with the statistical analysis of data in
accordance with ISO 14692).
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The output of these coupon tests is the regression gradient, G, in terms of either the logarithm of the
stress or the logarithm of strain plotted against the logarithm of time.

To determine the long-term failure stress or strain of the repair system, five medium-term tests (in
accordance with ASTM D1598) shall be performed on sections of pipe of minimum diameter 100 mm

and minimu

m thickness 3 mm. In these tests, the pressure is fixed and the time to failure recorded. It is

recommended to select a test pressure so that failure occurs after about 1 000 h.

The lower confidence limit (in terms of time) for these five tests is calculated according to the mean

failure time

minus 2 standard deviations. The long-term design strength (or strain) of the repair system

is the extrapolation of the lower confidence limit to the repair design lifetime, using the measured

3 s £ L.
regression gt aerentrom-tne cotpott tests:

Further guidlance on survival pressure testing procedures may be obtained from ASTM D1598.

Further gui

E.3 Test

A report sh

ance on long-term testing and data interpretation may be obtained from ISQ 14692.

report

all be prepared giving the test conditions (including test teniperature) and detajls of

the repair method, including the materials of construction and surface(preparation techniqug, the

individual d|

ata points and the derived performance design data.
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Annex F
(normative)

Measurement of impact performance

General

This
supp

impdct representative of a dropped tool. This test is used to determine the minimum thic

repa

F.2

A test specimen identical to one of the nine from Annex D shall be used.

7:2015(E)

annex describes the test method for measurement of impact performance. The repair system
ier shall demonstrate that the repair is capable of withstanding the impact froma low velocity 5 |

r in situations where third-party impacts are considered likely to occur.

Method

kness of the

The repair shall be subject to a 0,5 kg weight with a 12,5 mm<emispherical indenter dropped from a

heiglt of 1 m. The pipe shall be supported so that the hole is incthe 12 o’clock orientation an

shall

duration of the impact test.

The {

the test shall be calculated according to Annex D-The calculated y value shall be no less tha

E3

Arej
Syste

d the weight

strike the repair at the position above the hole in the test pipe. The test pipe shall be empty for the

mpacted specimen shall then be subject to a pressure test as described in Annex D. The y value of

Test report

nyLCL-

ort shall be prepared giving thé test conditions (including test temperature), details ¢f the repair

m, the individual data points.and the derived performance.
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Annex G
(normative)

Measurement of the degradation factor

G.1 General

This annex
of through-y

describes the test method for measurement of the degradation factor for the
vall defects (defect Type B) using a low-speed loading rate test. In 7.5.7, a serwice f

for down-rating the predicted failure pressure is set at 0,333 for a 20-year design life/This facf

based on th
laminate ply
factor is set

G.2 Meth

Sections of

Circular h?ir:

shall be la
defect). Am

e product of two effects, the degradation from short-term to long-term failire of the r
s a safety factor, taken from ISO 14692, of 0,67. In 7.5.7, the default value forthe degrad
at 0,5.

od

metallic pipe of minimum diameter 100 mm and minimuin thickness 3 mm shall be
s shall be drilled through the wall thickness, and the repair system applied. All san
inated with the holes in the 6 o’clock orientation (to,minimize the ingress of resin int
nimum defect size of 25 mm is recommended.

The steel pipe section used for the preparation for the test specimen should be appropriate fo

anticipated
The thickne

Internal pr
recorded.

failure pressure of the repair. Yielding of theZmetallic pipe prior to failure should not o
5s of all repairs shall be identical to thatlised in Annex D.

ssure shall be applied and the pressure value at which the repair begins to leak shg

The test shalll be carried out at the qualification test temperature.

The test prd
failure occu

The loading

p(t)=py

where

Ppair
hctor
or is
Ppair
ation

1sed.
hples
p the

r the
CCUr.

1l be

ssure shall be increased-daily until the specimen fails. The loading rate shall be sucH that
s after approximately/1 000 h.
rate for the low-<speed loading rate test shall be defined using Formula (G.1):

po is theinitial pressure exnressed in meganpascals:
r 7 T o 4

p1
t

is the fixed linear increase in pressure, expressed in megapascals per hour;

is the time, expressed in hours.

It is recommended to set the initial pressure, po (expressed in megapascals), to py =0,1pgy,, and the

linear increase in pressure, p1 (expressed in megapascals per hour), to p; =0,9* 10_3psthp.

Five tests shall be carried out in total.

Failures should take the form of delamination of the repair laminate from the substrate, followed by
leaking from the edge of the repair laminate.
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Calculation of the degradation factor

The short-term failure pressure, psthp (expressed in megapascals) shall be calculated using
Formula (G.2):

(G.2)

P - 0,001% 1 ean
sthp — 2
(1-v°) 3 4 1 3 2
d*+—di+——d
E,. (5123 T 64Gt
where
Kk

l
)
The 3
The 1

The
life o

S~

G.4

ac  is the combined tensile modulus,/E,E . , expressed in megapascals;

a~c’

;  isthe shear modulus of the repair laminate, expressed in megapascals;
is the Poisson’s ratio of the repair laminate (see Annex B for definition);
|  is the diameter of defect, expressed in millimetres;
is the thickness of repair laminate, expressed in millimétres;
meaniS the mean energy release rate [Formula (D.3)], expressed in joules per square m
verage failure pressure of at least five medium-tepm tests shall be calculated and defi

egression gradient, B, shall be calculated according to Formula (G.3):

1
1Og[psthp ]
AN VA Y
log Psthp
Pmthp
legradation factor, fpsshall be calculated using Formula (G.4), where it is assumed th4
f the repair is 20 years:

| —1075248

Testreport

etre.

ned as pmthp

(G.3)

t the design

(G.4)

A rej]

orft'shall be prepared giving the test conditions (including test temperature), details

pf the repair

system, the individual data points and the derived value of the degradation factor.
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