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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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technically revised. It also incorporates-the Amendment ISO 21809-3:2008/Amd 1:2011.

ISO
Ext

procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. ISO shall not be held responsible for identifying any or all su¢h patent rights
patent rights identified during the development of the document will.be/in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
pssment, as well as information about ISO’s adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information

committee responsible for this document is ISO/TC 67, Materials, = equipment and
ctures for petroleum, petrochemical and mdatural gas industries, Subcommittee SC
sportation systems.

5 second edition cancels and replaces the first edition (ISO 21809-3:2008), which

21809 consists of the following parts, under the general title Petroleum and natural gas in
brnal coatings for buried or-stibmerged pipelines used in pipeline transportation systems:

Part 1: Polyolefin coatings (3-layer PE and 3-layer PP)
Part 2: Single layer. fusion-bonded epoxy coatings
Part 3: Fieldjoint coatings

Part 4: Polyethylene coatings (2-layer PE)

Paxt 5: External concrete coatings

enance are

ded for the
e with the

 subject of
Details of
ion and/or

d does not

Conformity
Technical

offshore
2, Pipeline

has been

dustries —

Coating repairs on rehabilitation is to form the subject of future part 11.
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Introduction

Users of this part of ISO 21809 are to be aware that further or differing requirements can be needed
for individual applications. This part of ISO 21809 is not intended to inhibit a vendor from offering,
or the purchaser from accepting, alternative equipment or engineering solutions for the individual
application. This can be particularly applicable where there is innovative or developing technology.
Where an alternative is offered, the vendor is to identify any variations from this part of ISO 21809 and
provide details.
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Petroleum and natural gas industries — External coatings
for buried or submerged pipelines used in pipeline
transportation systems —

Part 3:

Fi

1

Thi
pip
pet

Idjointcoatings

Scope

5 part of ISO 21809 specifies requirements for field joint coating of seamless or w
bs for buried and submerged sections of pipeline transportation systems used in the

quallification, application and testing of the corrosion protection coatings applied to steel s

bar
Thi
Thi

e after the joining of pipes and fittings (components) by weldingt

b part of ISO 21809 defines and codifies in Table 1 the differentypes of field joint coatings fo

5 part of ISO 21809 does not address requirements for additional mechanical protection,

insylation or for joint infills of concrete weight-coated pipes.

NO']
suit
2

Thd
ind
refe

ISO
and

ISO
ISO
ISO
ISO

E Field joints of pipes and fittings coated in aécordance with this part of ISO 21809 ar¢
hble for further protection by means of cathodic pratection.
Normative references

following documents, in whole-or'in part, are normatively referenced in this docume

crescent test pieces

37, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties
62, Plastics <*-Determination of water absorption

188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

527:2, Plastics — Determination of tensile properties — Part 2: Test conditions for mq

extHy

blded steel
petroleum,

rochemical and natural gas industries as defined in ISO 13623. Thispart of ISO 21809 specifies the

irfaces left

r pipelines.

or thermal

considered

nt and are

spensable for its application. Fer dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

34-1, Rubber, vulcanized ar'thermoplastic — Determination of tear strength — Part 1: Trquser, angle

ulding and

usion plastics

[SO 527-3, Plastics — Determination of tensile properties — Part 3: Test conditions for films and sheets

ISO 868, Plastics and ebonite — Determination of indentation hardness by means of a durometer
(Shore hardness)

ISO 1431-1, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 1: Static and
dynamic strain testing

ISO
ISO

1523, Determination of flash point — Closed cup equilibrium method

1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids
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ISO 2178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickness —
Magnetic method

ISO 2781, Rubber, vulcanized or thermoplastic — Determination of density

ISO 2808, Paints and varnishes — Determination of film thickness

[SO 2811-1,

Paints and varnishes — Determination of density — Part 1: Pyknometer method

[SO 3251, Paints, varnishes and plastics — Determination of non-volatile-matter content

ball

I1SO 3303-1, Rubber- or plﬂcfirc-rnnfpdfnhrirc — Determination nfhurcfing cfrpngfh — Part 1: Steel-
method
1SO 3417, Hubber — Measurement of vulcanization characteristics with the oscillating disc curereter

[SO 3801, 1

ISO 4591, |
thickness a

ISO 4593, H
[SO 4624, H

ISO 4625-]
method

[extiles — Woven fabrics — Determination of mass per unit length and mass percuiit area

Plastics — Film and sheeting — Determination of average thickness of a_sqmple, and avel
hd yield of a roll, by gravimetric techniques (gravimetric thickness)

lastics — Film and sheeting — Determination of thickness by mechani¢al scanning
aint and varnishes — Pull-off test for adhesion

, Binders for paints and varnishes — Determination of softening point — Part 1: Ring-and-

ISO 5893, Rubber and plastics test equipment — Tensile, flexural and compression types (constant rat

traverse) -

ISO 7619-1
Durometer

ISO 8501-1
assessment
and of stee

[SO 8501-3
assessment
imperfectid

ISO 8502-3

- Specification

, Rubber, vulcanized or thermoplastic — Détermination of indentation hardness — Par
method (Shore hardness)

, Preparation of steel substrates before application of paints and related products — Vi
of surface cleanliness — Part 1: Rust.grades and preparation grades of uncoated steel substr|
substrates after overall remoyal of previous coatings

, Preparation of steel substrates before application of paints and related products — Vi
of surface cleanliness —\Part 3: Preparation grades of welds, edges and other areas with sur]
ns.

, Preparation of'steel substrates before application of paints and related products — Test

the assessmient of surface cleanliness — Part 3: Assessment of dust on steel surfaces prepared for pain

(pressure-s|

ISO 8502-6
the assessn

bnsitive tape-method)

, Preparation of steel substrates before application of paints and related products — Test:s
hent of surface cleanliness — Part 6: Extraction of soluble contaminants for analysis —

Bresle met

age

ball

eof

t 1:

sual
tes

sual
face

for
{ing

for
The

od

ISO 8502-9, Preparation of steel substrates before application of paints and related products — Tests for
the assessment of surface cleanliness — Part 9: Field method for conductometric determination of water-
soluble salts

ISO 8503-1, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 1: Specifications and definitions for ISO
surface profile comparators for the assessment of abrasive blast-cleaned surfaces

ISO 8503-2, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 2: Method for the grading of surface
profile of abrasive blast-cleaned steel — Comparator procedure
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ISO 8503-4, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 4: Method for the calibration of I1SO
surface profile comparators and for the determination of surface profile — Stylus instrument procedure

ISO 8503-5, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 5: Replica tape method for the
determination of the surface profile

ISO 8504-2, Preparation of steel substrates before application of paints and related products — Surface
preparation methods — Part 2: Abrasive blast-cleaning

ISO
prej

ISO

ISO
Spe

ISO
Spe

ISO

ISO
tem

ISO
and

ISO
indi

ISO

ISO
use

ISO
EN
AST
AST
AST
AST

8504-3; Preparation o] steel substrates bejore application o] paints and related proaucts)
baration methods — Part 3: Hand- and power-tool cleaning

10474, Steel and steel products — Inspection documents

11124 (all parts), Preparation of steel substrates before application of paints-and related |
Cifications for metallic blast-cleaning abrasives

Cifications for non-metallic blast-cleaning abrasives
11357-1, Plastics — Differential scanning calorimetry (DSC) — Part 1: General principles

11357-2, Plastics — Differential scanning calorimetry (DSG))~ Part 2: Determination of glas
perature and glass transition step height

11357-3, Plastics — Differential scanning calorimetry (DSC) — Part 3: Determination of t
enthalpy of melting and crystallization

11357-6, Plastics — Differential scanning-c@lorimetry (DSC) — Part 6: Determination d
ction time (isothermal OIT) and oxidation induction temperature (dynamic OIT)

13623, Petroleum and natural gas industries — Pipeline transportation systems

21809-2, Petroleum and natural'gads industries — External coatings for buried or submerg
1 in pipeline transportation systems — Part 2: Single layer fusion-bonded epoxy coatings

80000-1:2009, Quantities and units — Part 1: General

10204, Metallic products — Types of inspection documents

M D70Y, Standard Test Method for Density of Semi-Solid Bituminous Materials (Pycnomete
M D92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester

M D127-Standard Test Method for Drop Melting Point of Petroleum Wax, Including Petrolat]

M-D149, Standard Test Method for Dielectric Breakdown Voltage and Dielectric Streng

— Surface

broducts —

11126 (all parts), Preparation of steel substrates before application of paints and related products —

S transition

emperature

f oxidation

bd pipelines

" Method)

um

th of Solid

I P 1L ) ] W L | — 1D L. :
E ectrrcul IISUTULINYy VIdLCTr tdLs ut COMNMIIercidt rowcer rrequcricics

ASTM D257, Standard Test Methods for DC Resistance or Conductance of Insulating Materials

ASTM D695, Standard Test Method for Compressive Properties of Rigid Plastics

ASTM D937, Standard Test Method for Cone Penetration of Petrolatum

ASTM D938, Standard Test Method for Congealing Point of Petroleum Waxes, Including Petrolatum

ASTM D1000, Standard Test Methods for Pressure — Sensitive Adhesive — Coated Tapes Used for Electrical

and

Electronic Applications

1) American Society for Testing and Materials, 100 Harbour Drive, West Conshohocken, PA 19428-2959, USA.
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ASTM D1141, Standard Practice for the Preparation of Substitute Ocean Water

ASTM D1321, Standard Test Method for Needle Penetration of Petroleum Waxes

ASTM D2084, Standard Test Method for Rubber Property — Vulcanization Using Oscillating Disk Cure Meter

ASTM D4285, Standard Test Method for Indicating Oil or Water in Compressed Air

ASTM D4541, Standard Test Method for Pull-off Strength of Coatings Using Portable Adhesion Testers

AWS C2.25/C2.25M3), Specification for Thermal Spray Feedstock Solid and Composite Wire and Ceramic Rods

SSPC-SP13), Surface preparation specification No.1 — Solvent cleaning

SSPC CS 28.00, Specification for the Application of Thermal Spray Coatings (Metallizing) of Aluminfum,
Zinc and TReir Alloys and Composites for the Corrosion Protection of Steel

3 Terms and definitions

For the puiposes of this document, the following terms and definitions apply.

31

applicatiop procedure specification

APS

document flescribing procedures, methods, equipment and tools used for field joint coating application
3.2

applicator

company that undertakes the coating application in aceordance with the provisions of this parft of
ISO 21809

3.3

batch

quantity of material produced in a continuous manufacturing operation using raw materials of|the
same sourg¢e and grade

34

batch certificate

certificate jof analysis issued by the manufacturer for a given batch

3.5

bonding agent

material applied as a_film to the primed steel surface in order to ensure adhesion of the subseqgent
protective [coating

3.6

inspection document

document 1ssdedi ord bnts

given in the purchase order

3.7

coating operative
individual undertaking coating activity on the work site, including surface preparation

3.8
cutback

length of pipe left uncoated at each end for joining purposes (e.g. welding)

2) America Welding Society, 550 N.W. Le Jeune Road, Miami, Florida 33126, USA.
3) The Society for Protective Coatings, 40 24th Street, 6th Floor, Pittsburgh, PA 15222-4656, USA.

4
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end user
company that owns and/or operates the pipeline system

3.10
field joint area
uncoated area that results when two pipe sections or a pipe section and a fitting with coating cutbacks

are

assembled by welding in the field

3.11
holiday

COa

31
ins
ITP
doc
pro

3.1
ins
end
thid

3.14
lay¢
sing

Not

31
ma
con

3.1¢

maj

Fing discontinuity that exhibits electrical conductivity when exposed to a specific voltage

A

-

bection and testing plan

ument providing an overview of the sequence of inspections and testsincluding res
redures

J
pector

user and/or purchaser’s representative responsible for one oraiore of the inspections 4§
part of ISO 21809

!
er of tape
'le wrap of tape without overlap

e 1 to entry: Wrapping of a tape with 50 % overlap, conistitutes a two-layer coating.

D
hufacturer
pany responsible for the manufacture.of coating material

D
kKimum service temperature of field joint coating

Tm
ma

3.1

imum continuous température that the field joint coating can resist during operation

makimum and minimum design temperature of pipeline

ma

3.1
mi

mirfimumrtemperature that the field joint coating can resist during operation and installation

31

imum and mifiimum operating temperature for which the pipeline has been designed

imum.service temperature of field joint coating

burces and

pecified in

overlap
length of the field joint coating over the plant-applied coating including the coating bevel

3.20
pipeline
those facilities through which fluids are conveyed, including pipe, pig traps, components and

app

urtenances, up to and including the isolating valves

[SOURCE: ISO 13623]
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3.21

pipeline system
pipeline with compressor or pump stations, pressure control stations, flow control stations, metering,
tankage, supervisory control and data acquisition system (SCADA), safety systems, corrosion protection
systems, and any other equipment, facility or building used in the transportation of fluids

[SOURCE: ISO 13623]

3.22

pre-production trial

PPT

application] of coating and inspection/testing of its properties immediately prior to start of productfion,

to confirm(that the APS is able to produce field joint coatings with the specified properties

3.23

primer

material applied as a film on substrate (steel and/or plant coating) to ensure adhesion-ofthe subsequent

protective [coating

3.24

procedure¢ qualification trial

PQT

application] of a field joint coating and subsequent inspection/testing 6f its properties, to confirm fhat

the APS isfable to produce a coating with the specified propertiesycarried out at the premises of|the

applicator pr any other agreed location

3.25

purchaser

company rgsponsible for providing the product order requirements

3.26

wraparoupd sleeve

sleeve wrapped circumferentially around the steel pipe area being coated

4 Symbols and abbreviated terms

4.1 Symbpols

c bursting strength-without heat ageing

B7o bursting strength after heat ageing for 70 days

B1oo bursting strength after heat ageing for 100 days

C percéntage of conversion of FBE coating

AH exothermic heat of reaction

ATg variation of glass transition temperature between two or more successive thermal analysis
scans

Eop elongation at break without heat ageing

E7o elongation at break after heat ageing for 70 days

E100 elongation at break after heat ageing for 100 days

Py peel strength to pipe surface without heat ageing

6 © IS0 2016 - All rights reserved
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P100
P’y

li

P70

P'100

1SO 21809-3:2016(E)

peel strength to pipe surface after heat ageing for 70 days
peel strength to pipe surface after heat ageing for 100 days
peel strength between layers without heat ageing

peel strength between layers after heat ageing for 70 days
peel strength between layers after heat ageing for 100 days

specific electrical resistance of a coating

Rs7
Rs1p0

Tmalx

4.2
APS
DFT
DS(
EP

EPOM
FBH
FJC
HSY
ITP
MSDS
PE
PP

PP1

PQT

specific electrical resistance after 70 days
specific electrical resistance after 100 days

maximum service temperature of field joint coating

Abbreviated terms
application procedure specification
dry film thickness
differential scanning calorimetry
epoxy
ethylene propylene diene monomer
fusion-bonded epoxy
field joint coating
heat-shrink sleeve
inspection and testingplan
material safety-data sheet
polyethylene
polypropylene
pre-production trial

procedure qualification trial

PU
pPvC
TSA
2LPE
3LPE
3LPP

polyurethane

polyvinylchloride

thermal spray aluminium
two-layer polyethylene coating
three-layer polyethylene coating

three-layer polypropylene coating

© IS0 2016 - All rights reserved 7
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5 General requirements

5.1 Responsibily of the end user

The end user shall be responsible for making or approving the appropriate selection of the FJC in
accordance with the specified service conditions. He shall validate the information to be supplied by

the purcha

ser as listed in Clause 6.

5.2 Rounding

Unless otherwise stated in this part of ISO 21809, to determine conformance with the specified
requiremepts, observed or calculated values shall be rounded to the nearest unit in the lagt.right-
hand placg of figures used in expressing the limiting value, in accordance with ISO 80000-1:2009,

Annex B,

NOTE

Annex B, Rule A.

5.3 Compliance, testing and quality

Systems fo|
to assist co

NOTE1 1

NOTE2 1

le A.

or the purposes of this provision, the rounding method of ASTM E29 is equivalent tg 1SO 80000-1:2PD09,

quality and environmental management, and good laboratory practices, should be applied
mpliance with the requirements of this part of ISO 21809.

SO/TS 29001 gives sector-specific guidance on quality management systems
SO 14001 gives guidance on the selection and use of anenvironmental management system.

SO/IEC 17025 gives guidance for testing laboratorjes.

mation to be supplied by the purchaser

eral information
ise order shall include the follewing information:
ation of this part of ISOZ21809;

[ field joint coating@ystem in accordance with Table 1;

NOTE 3 I
6 Infor
6.1 Gen
The purchz
— designl
— typeo
— minim|

— minimum and maximum design temperature of the pipeline;

— cutba

— pipe

m and maxinfumnt thickness of the field joint coating (if applicable);

length (or length of the field joint being coated), including tolerances;

aterial/grade;

— pipe nominal outer diameter and wall thickness;

— plant-applied coating system, including thickness;

— number of field joints to be coated;

— type and frequency of inspection document in accordance with ISO 10474 or EN 10204 (see 7.7).

6.2 Additional information

The purchase order shall specify which of the following provisions apply for the specific order item:

— permissible field joint coating repairs (see 9.5);

8
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acceptable level of soluble salts (see 9.1.2.2);

any special requirement with regard to F]JC overall thickness and/or thickness of individual layers

(see 10.5.2,11.5.2,12.5.2,13.5.2,16.5.3,17.5.3,18.5.2, 19.5.2);

overlap on the parent (i.e. “plant-applied”) coating or detailed drawing of the field joint coating with

dimensional tolerances (see 17.5.3);

requirements for traceability and marking;

requirements for documentation and schedule of supply of documentation (see 7.7);

7

7.1

The
of g
cled
aut

The

qualification of the applicator’s personnel who apply and/or inspect the coating (see 7.5
purchaser’s approval of the application procedure specification (APS) (see 7.1);

use of specific proprietary coating materials (see 7.2);

procedure qualification trial (PQT) (see 7.3);

pre-production trial (PPT) (see 7.4);

subsequent coating (or infill) being applied;

temperature range during installation;

method of installation of the pipeline;

time constraints for application and number and dimensions of working stations, if reley

specific testing conditions and minimum requirements when applicable (e.g. cathodic di
or flexibility) (see.17.5.8, 17.5.10, etc.).

Application procedures and gualification

Application procedure specification (APS)

applicator shall prepare an’APS to be approved by the end user and/or purchaser prior

roduction and prior to‘any agreed PQT and/or PPT (see 7.3 and 7.4). The responsibilit
rly defined between'all parties. Once approved, the APS shall not be changed without pr
horization of the parties.

APS shall include the following:
identifi¢ation of the coating;

mahufacturer’s instructions for application, including the acceptable temperature ra
installation;

rant;

sbondment

o the start
es shall be
jor written

hge during

preparation of steel surface and plant-applied coating, including inspection (see 9.1);

data sheets defining coating and abrasive blasting material properties, including all
safety data (see 7.2 and 9.1.2.2);

maximum service temperature, Tnhax, of field joint coating;

health and

receipt, handling and storage of coating and abrasive blasting materials (see 7.2 and 9.1.2.2);

coating application procedure, tools and equipment;

overlap (with tolerances) of FJC over plant coating (a drawing should be considered
types of FJC);

© ISO 2016 - All rights reserved
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— time required for coating application;

— inspection and testing of applied F]C;

— repair and testing of defective F]C;

— stripping of defective FJC;

— marking, traceability and documentation.

The APS shall cover all items associated with quality control as defined in this part of ISO 21809 and
any agreed-aptions for the specific FIC

All coating|work, testing and inspection shall be carried out according to the APS.

7.2 Coating materials

The applicator shall provide the data sheets specified in Clauses 10 to 20 for each coating material ffom
the manufjcturer.

—n

In addition to the coating-material data sheets, the applicator shall provide thefollowing informag
from the njanufacturer:

on

— batch ¢ertificates certifying that the coating materials delivered meét the coating characteristigs as
set forfh in the coating data sheets;

— any agreed optional requirements, if applied according to themanufacturer’s instructions;
— packaging, transport and storage requirements of coating materials;

— range pf application conditions including minimum and maximum application temperatures |(for
materials and substrate) and relative humidity;

— material safety data sheet (MSDS).

Marking o each shipment of coating materials shall contain the following information:
— manufpcturer’s name;

— name and complete identificatioh of material, including plant of origin;

— reference to applicable codting-material standards, if any;

— produgtion batch numpber;

— mass/gize;

— date of produetion;

— expiryldate

7.3 Procedure qualification trial (PQT)

If specified by the purchaser or otherwise required by this part of ISO 21809, the APS shall be qualified
by a PQT. Test methods and frequencies for PQT are specified in Annex A. Acceptance criteria are given
in the relevant clauses referred to in Annex A.

The applicator may request the manufacturer(s) to assist during the PQT to ensure the correct use of
the coating material(s) and to train applicator personnel.

PQT may be carried out independently of any project. In this case, representative pipes having the
diameter, thickness and plant-coating as agreed upon between manufacturer, applicator, end user and
purchaser, if any, shall be used.

10 © IS0 2016 - All rights reserved
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For a PQT related to a specific project, tests shall be carried out on test zones distributed along a pipe
coated with the actual plant-applied coating. The length of the test zones shall be equivalent to the field
joint coating length. The test points shall be defined in the PQT programme.

If not present, a circumferential cap weld shall be added at the centre of each of the test zones to
simulate the field weld.

If heating of the area to be coated is specified in the APS, it shall be demonstrated that there is no visual
detrimental effect such as blistering or disbondment of the plant-applied coating.

All tools and equipment (e.g. for induction heating, abrasive blasting, coating application and inspection)

beillig Tused for PQ I shall be of the same Eype as those HEII’lg used for the actual field ]01nE Coating.

Unlgss otherwise specified, at least three test zones shall be coated.
Coalting repairs and stripping of defective FJC shall be included in PQT if they are allowed.

The time for coating application during PQT shall be consistent with the estimated field jgint coating
timp in the field. Any significant differences in the PQT environment compared to actual production
confditions should be considered, e.g. number of work stations, lifting equipment.

For|pipelines that experience deformations above 0,3 % during handling or installation (elg. reeling),
the[PQT shall include relevant tests carried out after pipe deformation. The test temperaturg shall be at
leagt 5 °C below minimum deformation temperature.

Theapplicator shall submit a complete report of the qualification test results to the purchaser fqr approval.

7.4 Pre-production trial (PPT)

If specified by the purchaser or otherwise required by this part of ISO 21809, a PPT shall be[performed
on {ite to verify the following:

— |surface condition and adhesion of the plant-applied coating on steel in the vicinity of thd cut-backs;
— |[field joint coating materials;

— |application procedure;

— |equipment being used for surface preparation and coating application;
— |heating equipment{when used);

— |application ofith& coating system;

— |qualificatien of the coating operatives and purchaser’s inspectors that will actually be psed in the
field;

— |properties of the applied F]C.

The above shall comply with the requirements of this part of ISO 21809 and the results of any
previous PQT.

Test methods and frequencies for PPT are specified in Annex A. Acceptance criteria are given in the
relevant clauses to which reference is made in Annex A.

The PPT shall be carried out in presence of the end user and/or purchaser (or their representative) at the
start of operations when equipment and personnel are mobilized on site. The PPT shall be performed
on the first joints to be coated or, if agreed, on a dummy pipe.

The applicator shall submit a complete report of the tests containing the values and other results
obtained in the PPT.

© IS0 2016 - All rights reserved 11
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7.5 Qualification of coating and inspection personnel

The coating operatives shall be qualified to undertake the coating application procedure and repair
work. The qualification may be obtained by demonstration during PQT, during PPT, through a
certification organization or as agreed with the end user.

The applicator shall request the manufacturer of the coating material(s) and equipment to provide

technical a

ssistance to the coating operatives if necessary.

Inspectors and applicator personnel carrying out the coating inspection shall be trained and qualified.

Proof of su

ccessful qualification shall be documented.

7.6 Production testing and inspection

The applic
verify the s

The ITP shj
of the coat

activities and tests, their frequency and the relevant inspection authorities.

Test methg
clauses to

7.7 Insp

The inspec
compliancg

FJC report
record the
or repair d
shall be av

The inspec
to the purg

8 C(Class
The FJC ty]

htor shall perform inspection and testing during production in accordance with-an IT
urface preparation, coating application and the specified properties of the applied F]C.

a1l be prepared by the applicator and shall be approved by the purchaser prior to the s
ng work and prior to the start of any PQT and/or PPT. The ITP shall.idéentify all inspec

ds and frequencies are specified in Annex A. Acceptance critenia are given in the reley
vhich reference is made in Annex A.

ection documents and traceability

tion documents shall be in accordance with ISO 10474 or EN 10204. The type of certificat
shall be defined in the purchase order.

5 shall identify each field joint by a uniqué’number for identification purposes and s
material batch number for traceability.Test results shall be linked to the field joint nun
n which they were performed. Records shall be maintained on a shift and daily basis
hilable for inspection by the purchaSer and/or end user.

tion documents signed by the applicator (and the inspector, if applicable) shall be transmi

fication of fieldjoint coatings

pes covered by this part of ISO 21809 are classified in Table 1.

Table 1 — FJC types

P to

fart
fion

rant

e of

hall
ber
and

ted

haser at a frequency defined\in the purchase order. Cumulative production records shall be
maintained daily.

Clause | Code- [Type of field joint coating
10 10— THotapptied bitummimous tape toatings
1 11A |Petrolatum tape coatings
11B |Wax-based tape coatings
12 12 |Cold-applied polymeric tape coatings
13 13A |Non-crystalline low-viscosity polyolefin based coatings with polymeric tape outer wrap
13B |Non-crystalline low-viscosity polyolefin based coatings with heat shrinkable material outer wrap
12 © IS0 2016 - All rights reserved
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Table 1 (continued)
Clause | Code |Type of field joint coating
14A |Coatings based on heat-shrinkable materials, polyethylene-base, applied without primer
14B Coatings based on heat-shrinkable materials, polyethylene-based, applied over a liquid epoxy,
fusion-bonded epoxy, or other compatible primer layer
14 Coatings based on heat-shrinkable materials, polyolefin-based, with reinforced backing (hybrid),
14C X S . . .
applied over a liquid epoxy, fusion-bonded epoxy, or other compatible primer layer
Coatings based on heat-shrinkable materials, polypropylene-based, applied over a liquid epoxy,
14D fusion-bonded epoxv or other compatible primerlaver
| 5 15 |Hot-applied microcrystalline wax coatings
6 16A |Elastomeric coatings, polychloroprene-based
16B |Elastomeric coatings, EPDM-based
- 17A |Single-layer fusion-bonded epoxy powder coatings
17B | Two-layer fusion-bonded epoxy powder coatings
18A |Liquid applied epoxy based coatings
18B |Liquid applied polyurethane based coatings
18 18C |Fibre-reinforced epoxy based coatings
18D |Fibre-reinforced vinylester based coatings
18E |Cast solid polyurethane based coatings
19A |Coatings based on flame-sprayed polypropylene powder applied over an epoxy layer
19B |Coatings based on polypropylene tapesy/sheets hot-applied over an epoxy layer
19 19C |Coatings based on injection-moulded polypropylene over an epoxy layer
19D |Coatings based on flame-sprayed polyethylene powder applied over an epoxy layer
19E |Coatings based on polyethylene tapes/sheets hot-applied over an epoxy layer
0 20 |Thermal spray aluminitsm (TSA) coatings
Thg F]C shall be compatible withthe plant-applied coating and ensure continuity of corrosion protection.
Thegweld geometry and structure shall be taken into consideration during the selection of the FJC system.
Thg maximum service-temperature, Tyax, 0of the FJC shall be equal to or greater than thel maximum
desjgn temperatureofithe pipeline.
Theg FJC shall beccompatible with the minimum operating temperature of the pipeline and th¢ minimum
ambient temperature during transportation and handling during the construction of the pipjeline.
9 [General requirements for surface preparation, coating application, teqting and
renair
9.1 Surface preparation
9.1.1 General
Surface preparation shall be carried out in accordance with the APS and as detailed below.
© IS0 2016 - All rights reserved 13
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9.1.2 Preparation of the steel substrate

9.1.2.1 General

Prior to the coating application, the surface shall be dry and free of any contamination (such as detritus,
dust, non-adhering particles, grease, oil, soluble salts) detrimental to surface preparation or to adhesion
of the coating on the steel.

0il, grease and wax shall be removed by solvent cleaning in accordance with SSPC-SP1.

All visible surface imperfections of substrate caused by the girth welding operation, such as welding

slag and sp
preparatio
following g

P3 of

(perm
P2 of 5

Grinding d
thickness ¢

Areas of 1
specified i

9.1.2.2 A
Abrasives |

Compresssg
and shall c

Reclaimed
Blasting e
removal off

atter, sharp edges or burrs that could damage the coating, detected before or during sur
h shall be removed by an approved grinding method or filing techniques according\to
rades:

standard ISO 8501-3 for components and fittings to be used in submerged condit
hnent or intermittent);

tandard ISO 8501-3 for components and fittings to be used in buried conditions.

f steel defects shall not reduce the wall thickness below the.specified minimum
f the pipe.

ust or scaling shall be removed by spot abrasive blasticleaning or wire brushing
h the APS.

\brasive blast-cleaning

1sed in the preparation of field joints shall comply with ISO 11124 or ISO 11126.

bnform to the requirements of ASTM D4285.

abrasive blast materials shall not:be used unless automatic reclaiming equipment is u

dust, fines, corrosion produdts and other contaminants.

The cleanliness shall be checked inraceordance with the requirements of ISO 8501-1. Acceptance crit

are given f
NOTE
Sa3is

Sa21/3
Sa2is

b1 each system in Clauses 10 to 20.

hpproximately equivalent to NACE No.1/SSPC-SP5 (White metal blast cleaning).
is approkimately equivalent to NACE No.2/SSPC-SP10 (Near-white metal blast cleaning).

pproximately equivalent to NACE No.3/SSPC-SP6 (Commercial blast cleaning).

face
the

ons

vall

as

d air for blast-cleaning shall be free of oil;-¢condensed moisture and any other contaminants,

Sed.

quipment that includes devices-to recycle abrasives shall have equipment that ensyres

bria

The profile

[raomahnacce challha chackad in acocnrdanca vaith tha raguiramantce of 1SN QCN O A ~cont
7 T ot ST eSS St o e e e e e e O e e ey e e S e e S e e O o O o= 1Yctepr

nce

criteria are given for each system in Clauses 10 to 20. Other methods (see ISO 8503-1, ISO 8503-2,
IS0 8503-3 and ISO 8503-4) may be used if correlated with ISO 8503-5. The profile shall be of an angular
and dense nature.

In areas where the roughness of the profile does not meet these requirements, the surface shall be
reblasted.

The level of soluble salts measured in accordance with the requirements of ISO 8502-6 or ISO 8502-9
shall be <20 mg/m?2 for coating types 14B, 14C, 14D, 16, 17, 18, 19 and 20. It is not necessary to measure
the level of soluble salts on the steel surface for the other coating types.
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Testing of the soluble-salt level during production may be reduced or omitted by agreement between
applicator and end user or purchaser, if the PPT has demonstrated that the application procedure
ensures a salt level below these requirements.

9.1.2.3 Wire-brush cleaning

If wire-brush cleaning is permissible (see 9.1.1), it shall be performed in accordance with ISO 8504-3.
The surface preparation shall be in accordance with ISO 8501-1 grade St 3 using a power tool.

Manual wire-brush cleaning shall be allowed only if the manufacturer of the F]JC requires a degree of
cleanliness of ISO 8501-1 grndp St 2 and if defined in the APS

NOTE
— | St 2 is approximately equivalent to SSPC-SP2 (Hand tool cleaning).

— | St 3 is approximately equivalent to SSPC-SP3 (Power tool cleaning) or SSPC-SP11 (Power tool cldaning down
to bare metal).

9.1]2.4 Final check and preparation of the steel surface

Dugt contamination shall be measured in accordance with ISO 8502:3. Acceptance criteria ate given for
each FJC type in Clauses 10 to 20.

O

Chemical treatment of the steel may be used by agreement'between the applicator and thg purchaser
andl/or end user, subject to the manufacturer’s recommendation.

9.1]3 Preparation of the adjacent plant-applied‘coating

The plant-coated area adjacent to the cutback shall be prepared to ensure the adhesion of thg field joint
coafing in accordance with Clauses 10 to 20 for each of the different FJC types.

9.2| Application of the coating
The temperature of the substrate shall be at least 3 °C above the dew point.

Thg coating shall be applied by qualified personnel and in accordance with the APS. The coating
shall be applied symmetric¢ally and with approximately equal overlaps onto the plgnt-applied
coafing on either side,

Following surface préparation, the surface being coated shall not be exposed for a length qf time that
can|result in flash rust detrimental to the quality of the coating.

At the timg of application of the coating, the temperature of the substrate shall be within the
temperature range specified in the APS. The temperature of the field joint shall be monitoregl to ensure
that the application conditions are fully satisfied and are uniform across the steel substrgte and the
plapt-applied coating. The methods of monitoring and recording shall be defined in the APS.

During adverse weather conditions, cleaning and coating operations shall be stopped unless protective
enclosures are installed that maintain the field joint area in a clean and dry condition as specified in the
APS throughout the surface preparation and coating application and curing.

9.3 Visual inspection of the applied coating

The applied coating shall be free of anomalies, contain no surface defects detrimental to the quality of
the coating (grit, foreign particles, fish eyes, blisters, etc.) and have approximately equal overlaps onto
the plant coating on either side.
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9.4 Test

ing of the field joint coating

Inspection and testing shall be carried out during production in accordance with the agreed ITP. Test
procedures and acceptance criteria are defined in Clauses 10 to 20 for different FJC types. Testing
frequencies are given in Annex A.

Damaged areas created by testing shall be repaired in accordance with 9.5.

9.5 Repairs

The accep

able size and frequency of field joint coating repairs and the repair praocedures shal

be

subject to 4

FJC materi

9.6 Veri

The applica
the materig

10 Hot-a

10.1 Coat

igreement between the purchaser and the applicator.

hls and repair procedures shall be included in the APS.

fication, handling and storage of coating materials

tor shall ensure that the materials used for surface preparation and the coating(s) comply v
| specification and that the manufacturer’s handling and storage instfuctions are followeq

pplied bituminous tape coatings

ing identification

Hot-appliedl bituminous tape coatings (FJC Type 10) shall be.identified in the APS in accordance

Table 2 ang

Data sheet

| shall meet the requirements of Table 3.

Application instructions shall be provided by the ntanufacturer in accordance with Table 6.

10.2 Des¢

Bituminou

‘ription of the coatings

5 tape coatings consist of a single layer or multiple layers of fusible bituminous tape,

applied, with or without a primer. Mazimum service temperature is 30 °C.

10.3 Surface preparation

Surface pr
shall be bg
overlap on

The area b
defined in

bparation shall-be’carried out in accordance with the APS. The edges of the plant coa
velled and the*plant coating shall be roughened for the minimum length according to
the plant.coating (10.4.4).

ping coated shall be cleaned by mechanical rotary wire brush to a minimum of grade St
SO"8501-1. Alternatively, surface preparation can be achieved by abrasive blast-cleaning

5 for the coating materials shall be in accordance with Table 4 (primer) and Table 5 (tape).

vith
.

vith

hot-

[ing
the

B as
to a

minimum ¢

rrade of Sa 2 as defined in ISO 8501-1.

Dust conta

mination shall be grade 3 or better, measured in accordance with ISO 8502-3.

10.4 Coating application

10.4.1 Ge

neral

Application of the coating shall be carried out in accordance with the APS.

10.4.2 Application of the primer

If applicable, application of the primer shall be carried out in accordance with the APS.
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10.4.3 Application of the bituminous tapes

Application shall be carried out in accordance with the APS. As a general guideline, the following
procedure shall be followed.

— Clean the area being coated with the approved cleaning method.
— Pre-heat it to a temperature recommended by the manufacturer.

— Verify the temperature of the substrate using a temperature-measuring device (e.g. hand-held
thermocouple).

— |Apply a thin coat of compatible primer; allow the primer to dry.
— | Cut a sufficient length of bituminous tape (circumference plus 50 mm for overlap).
— |If necessary, pre-heat again the surface being coated.

— |Heat the bituminous side of the tape until the bitumen becomes liquid and put it with thi§ side down
on the surface being coated.

— |Heat additionally the outer side and smooth the overlap.

— |Install the required number of pre-cut sheets side by side, with the prescribed overlap, including the
required overlap on the plant-applied coating

— |If it is necessary to install a second layer of bituminous-tape, heat the surface of the firdt layer and
smooth it until the anti-adhesive coat is incorporated:

— |Install the second layer of bituminous tape.

10.4.4 Overlap

Thg minimum tape overlap shall be in accordance with Table 7, or the manufacturer’s requifed overlap
(Table 6) if greater.

The overlap of tape on plant-applied coating shall be in accordance with the manufacturer’s ppplication
insfructions (Table 6) and shall'be at least 50 mm.

Thg width of the tape used depends on the diameter of the pipes. For all types of manual appllication, an
appjropriate width shalt.be’chosen to avoid wrinkling of the tape, which can occur if the tape {s too wide.

10.5 Testing of'the applied coatings

10.5.1 General

Theg teSts in 10.5.2 to 10.5.10 shall be carried out for production quality control, and fdqr PQT and
PPT ifrequired.

10.5.2 Thickness

The nominal thickness is the calculated sum of the thickness of all the layers of the coating before
application. The minimum thickness of the coating on the body of the joint shall be not less than 90 % of
the nominal value or as otherwise agreed to by the purchaser.

Unless otherwise agreed with the purchaser, the minimum thickness on the weld cap shall be not
less than 0,6 mm.

NOTE The coating thickness on the weld cap is normally less than on the body because some of the polymeric

adhesive flows from the weld cap to the body, both during and after the application. This is necessary to prevent
voids in the coating and is not detrimental to the corrosion protection.
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The coating thickness shall be measured using the method given in Annex B.

10.5.3 Holiday detection

The entire surface of the coated joint shall be checked for holidays or other discontinuities according to
the method defined in Annex C at a voltage of 5 kV/mm + 5 kV to a maximum of 25 kV. The voltage shall
never exceed the acceptable voltage for the plant-applied coating.

Holidays shall be repaired in accordance with the APS.

10.5.4 Impaetresistanee

The impag
requireme

t resistance shall be measured using the method given in Annex D and shall meet
hts of Table 3.

10.5.5 Indentation resistance

The indent
requireme

10.5.6 Sp

The specif
shall meet

10.5.7 Ca

The cathod

ation resistance shall be measured using the method given in Annex‘E,and shall meet
hts of Table 3.

pcific electrical insulation resistance

c electrical insulation resistance shall be measured usingthe method given in Annex F
the requirements of Table 3.

thodic disbondment

ic disbondment shall be measured using the miethod given in Annex G.

the

the

and

The cathodic disbondment after 28 days at 23 °C shall'meet the requirements of Table 3.

10.5.8 Pepl strength to pipe surface and pldnt coating

The mininfum waiting period between application of the coating and the peel strength test shall be
24 h, unlesk specified otherwise by thésmanufacturer.

The peel $trength shall be measured using the methods given in Annex H and shall meet|the
requirements of Table 3. The method given in H.1 should preferably be used for PQT. The method given
in H.2 can pe used for PPT anid-production testing, as well as for PQT in agreement with purchaser.
Failure shqll not occuratthe interface between steel and adhesive, except for a peeling strength 5p %

higher tha

the valueSiisted in Table 3.

10.5.9 Hdt-water immersion test

A hot-watérdmmersion test shall be carried out in accordance with Annex I with a duration of
28 days, the test temperature being the maximum service temperature of the joint coating, limited as
specified in Annex I.

The peel strength after the hot-water immersion test shall be measured using the method given in H.1
and shall meet the requirements of Table 3.

10.5.10Lap shear strength

The lap shear strength resistance shall be measured using the method given in Annex | and shall meet
the requirements of Table 3.
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Table 2 — Coating identification

Property

Coating trade name

FJC Type and code as per Table 1

Maximum and minimum service temperature

Primer trade name

Number of layersa

Trade names ofall lavers

Nominal thickness of the coating system

Compatible plant coatingsb

a  Excluding primer.

b State all types of plant coatings that have been tested successfully with thé.codting.

Table 3 — Requirements for Type 10 — Hot-applied bituminous tape
Test . . Test

Prqgperty tempggature Unit Requirements method
Thickness - mm 20,9 :ar;lol;ninal Annex B
Holliday detection at 5 kV/mm + 5 kV, max. 25 kV - — no holiday Annex C
Impact resistance 23 J/mm 22 Annex D
Indpntation resistance, pressure N/mm?2
— Residual thickness 23 mm >0,6 Annex k
Specific electrical insulation resistance
— Rs100 23 Q-m?2 >106 Annex F
— Ks100/Rs70 — 20,82
Cathodic disbondment resistance; 28 days 23 mm <20 Annex G
Pedl strength
— fo steel surfaceb 23 N/mm >0,4 Annex H
— flo plant coating 23 N/mm
— plant coating after 28-day hot-water immersion 23 N/mm 20,1 Annex |
testat 30 °C
— dteel surface after 28-day hot-water immersion 23 N/mm 20,2
testat 30\°C
Lap shear strength 23 N/mm?2 20,05 Annex]

a  Thisrequirement is only applicable if the specific electrical insulation resistance after 70 days is less than 10 times the
requirement of the specific electrical insulation resistance after 100 days.

b If the result is less than 0,4 N/mm, residual thickness of bituminous compound on the pipe surface or plant coating
shall be 20,25 mm.
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Table 4 — Data sheet — Primer

Property Unit Test method
Primer trade name — —
Generic type — —
Solid content % ISO 3251
Type of solvent — —
Flash point °C ISO 1523
Density g,/rm3 IS0 2811-1
Coverage area m2/1 —
Dry film thickness pum ISO 2808
Storage conditions
— temperature, minimum °C —
— temperature, maximum °C —
Shelf life at storage temperature month —
Table 5 — Data sheeta — Tape
Property Unit Test method
Trade namg — —
Descriptior] of coating material — —
Colour — —
Minimum tptal thickness mm ISO 4591 and ISO 4593
or
Surface der]sityb g/m?2 1SO 3801
Polymeric film/reinforcement
— generic flype of polymeric film — —
— generic lype of reinforcement materjal — —
— nominal|thickness, or mm I1SO 4591 and ISO 4593
— surface dlensity g/m?2 1SO 3801
Adhesive
— generic fype — —
— nominal|thickness or mm [SO 4591 and ISO 4593
— surface dlensity: g/m?2 1SO 3801
— softening point ring and ballc °C 1SO 4625-1
Mechanical properties
— tape strength N/mm IS0 527-3
— modulus at 10 % elongationc N/mm
— elongation at breake %
Storage conditions
— temperature, minimum °C —
— temperature, maximum °C —

b Also called “mass per unit area,” a deprecated designation.

¢ Ifapplicable.

a  Dataaccording to this data sheet shall be supplied for each coating component.
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Property Unit

Test method

Shelf life at storage temperature

month

a  Dataaccording to this data sheet shall be supplied for each coating component.

b Also called “mass per unit area,” a deprecated designation.

¢ Ifapplicable.

Table 6 — Application instructions

Prqgperty

Unit,

Ambient conditions
— ninimum temperature
— Ihaximum temperature

— tfelative humidity

°C
°C
%

Surfface preparation — steel surface
— ¢leanliness (ISO 8501-1)
— profile in case of abrasive blast-cleaning (ISO 8503-2)

— Jurface preparation — plant coating

Application of primer

— hethod

— minimum surface temperature
— naximum surface temperature
— pot life

— ninimum overcoating time

— naximum overcoating time

— quring temperature

°C
°C

} or min

o

ays or h
°C

Application of tape
— 1nethod
— minimum material tempetrature

— ninimum overlap ©ftape

°C

% or mm

Gerjeral
— inimum,overiap on plant coating?
— dpecificapplication instructions

— holiday detection voltage

— I'epair procedure

a  Jtis necessary that this be given for each compatible plant coating.

Table 7 — Overlap of tape

Tape width Overlap
<50 mm 250 %
250 mm 225 mm

© ISO 2016 - All rights reserved
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11 Petro

latum and wax-based tape coatings

11.1 Coating identification

Petrolatum and wax-based tape coatings (FJC Types 11A and 11B) shall be identified in the APS
in accordance with Table 2 and shall meet the requirements of Table 8 for petrolatum tape coatings
(Type 11A) or Table 9 for wax tape coatings (Type 11B).

Data sheets for the coating materials shall be in accordance with Table 4 (primer) and Table 5 (tape).

Applicatio
11.2 Des

11.2.1 Pe

Petrolatu
without a

The use of

Maximum

ription of the coatings

rolatum tapes (Type 11A)

tape coatings consist of a single layer or multiple layers of petrolatum tapes, with or

rimer.
hny outerwrap is possible if agreed by the manufacturer and the end user.

service temperature is 30 °C.

A Thax higler than 30 °C can be agreed between the end user and thé manufacturer.

11.2.2 W3
Wax-based
The use of

Maximum

1x-based tapes (Type 11B)

hny outerwrap is possible if agreed by the-mtanufacturer and the end user.

service temperature is 30 °C.

A Tmax higher than 30 °C can be agreed between the end user and the manufacturer.

11.3 Surface preparation

Surface pr
shall be bg
overlap on

The area b
described {

Alternativg
Sa 1l asdef

bparation shall be carried out in accordance with the APS. The edges of the plant coa
velled and the plahtycoating shall be roughened for the minimum length according to
the plant coating-(11.4.4).

eing coated‘shall be cleaned according to ISO 8501-1, grade St 2, by hand-tool cleanin
n ISO 8504%3.

ned in ISO 8501-1.

tape coatings consist of a primer and a single layer or multiple layers of wax-based tapeg.

[ing
the

=

ly, stirface preparation can be achieved by abrasive blast-cleaning to a minimum grade of

Dust conta

mination shall be grade 3 or better, measured in accordance with ISO 8502-3.

11.4 Coating application

11.4.1 Ge

neral

Application of the coating shall be carried out in accordance with the APS.

11.4.2 Application of the primer

If applicable, application of the primer shall be carried out in accordance with the APS.

22
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11.4.3 Application of petrolatum or wax-based tapes

Application shall be carried out in accordance with the APS. As a general guideline, the following
application procedure shall be followed.

Wipe the surface to remove visible moisture.

Prepare the surface.

Apply a thin coat of compatible primer (if any) by brush, by hand or using other applicable tools.

11.

The
(Tal

Thd
inst

The

Qpir:\"y Wrap the area hping coated with tapes. of recommended uridfh, nmp]nying

overlap and ensuring the complete coverage and adherence of the coating to the pipe su

Apply any outerwrap if applicable.

1.4 Overlap

minimum tape overlap shall be in accordance with Table 7, or the manufacturer’s requij
ble 6) if greater.

overlap of tapes on plant-applied coating shall be in accordance with the manufacturer’s
ructions (Table 6) and shall be at least 50 mm.

width of the tape used depends on the diameter of the pipes. For all types of manual app

appropriate width shall be chosen to avoid wrinkling of thée\tape, which can occur if the tape

11.

11.

Thd
PP1

11.
The

5 Testing of the applied coatings

b.1 General

tests in 11.5.2 to 11.5.10 shall be carried out for production quality control, and fa
if required.

5.2 Thickness

nominal thickness is the_calculated sum of the thickness of all the layers of the coa

appllication. The minimum thickness of the coating on the body of the joint shall be not less t}

the

Unl
less

NOT
adh
void

nominal value or ag-otherwise agreed to by the purchaser.

bss otherwise-agreed with the purchaser, the minimum thickness on the weld cap s
than 0,6 mm.

E The coating thickness on the weld cap is normally less than on the body because some of th
bsive flows from the weld cap to the body, both during and after the application. This is necessar
s in‘the coating and is not detrimental to the corrosion protection.

he correct
face.

ed overlap

hpplication

lication, an
s too wide.

r PQT and

ing before
an 90 % of

hall be not

e polymeric
 to prevent

Th

Toating tiickmess siatt be reasured using the ethod giver im ATmex B-

11.5.3 Holiday detection

The entire surface of the coated joint shall be checked for holidays or other discontinuities at a voltage

of 5

kV/mm to a maximum of 25 kV according to the method defined in Annex C.

Holidays shall be repaired in accordance with the APS.

11.5.4 Impactresistance

The impact resistance shall be measured using the method given in Annex D and shall meet the
requirements of Table 8 or 9.

©IS
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11.5.5 Indentation resistance

The indentation resistance shall be measured using the method given in Annex E and shall meet the
requirements of Table 8 or 9.

11.5.6 Specific electrical insulation resistance

The specific electrical insulation resistance shall be measured using the method given in Annex F and
shall meet the requirements of Table 8 or 9.

11.5.7 Cathodicdisbondment
The cathodic disbondment shall be measured using the method given in Annex G.

The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 8 or 9

11.5.8 Pepl strength to pipe surface and plant coating

The minimum waiting period between application of the coating and the peel strength test shall be(1 h,
unless spe¢ified otherwise by the manufacturer.

Petrolatum and wax-based tapes shall leave a film of compound, visible without magnification, on|the
entire surfpce of the substrate when the coating is peeled off.

11.5.9 Hdt-water immersion test

A hot-wat¢r immersion test shall be carried out in accerdance with Annex [ with a duratiop of
28 days, thle test temperature being the maximum servigce temperature of the joint coating, limitefl as
specified ih Annex I.

Petrolatum and wax-based tapes shall leave a film(of compound on the substrate when peeled off affter
the hot-wafer immersion test.

11.5.10Drjip resistance

No drippinig of the compound shall ocour when the tape is tested in accordance with Annex K for tyjpes
11A and 11B as listed in Table 8 orl9;

Table 8" —Requirements for Type 11A — Petrolatum tape

Test
Property temperature | Unit Requirements | Test methjod
o
C
- .

Thickness — mm 20,9 x nominal Annex B

value
Holiday detection at 5 KV/mm max. 25 KV — — Tio holiday ATnex G
Impact resistance 23 J/mm >0,8 Annex D
Indentation resistance, test pressure N/mm?2 0,1

Annex E

— Residual thickness 23 mm >0,6
Specific electrical insulation resistance
— Rs100 23 Q-m?2 >106 Annex F
— Rs100/Rs70 — >0,8a
Cathodic disbondment resistance at 28 days 23 mm <20 Annex G
a  Thisrequirement is only applicable if the specific electrical insulation resistance after 70 days is less than 10 times the
requirement of the specific electrical insulation resistance after 100 days.
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Table 8 (continued)
Test
Property temperature | Unit Requirements | Test method
°C
leave a film of
Peel strength to pipe surface and plant coating 23 — compound on the —
substrate
Peel strength to steel and plant coating before and 23 i C;ffvguanglg;liﬂe Annex |
after 28-day hot-water immersion test at 30 °C cp“hcfmm U
Drip resistance 45 — no dripping of Annex K
compound
a  |This requirement is only applicable if the specific electrical insulation resistance after 70 days is-ess than|10 times the
requirement of the specific electrical insulation resistance after 100 days.
Table 9 — Requirements for Type 11B — Wax-based tape and primer
Test
Prgperty temperature Units Requirements | Te§t method
°C
Primer
Cor]geal point — °C >55 ASTM D938
Flash point — °C 265 APTM D92
Derjsity 25 g/cm3 <1 APTM D70
Corle penetration 25 mm 7,5 to 25 A4TM D937
Die]ectric strength — V/um >4 AYTM D149
Tape
Cor]geal point of saturant — °C >65 ASTM D938
Flash point of saturant — °C =260 APTM D92
Thifkness — mm >1,75 ASTM D1000
Die]ectric strength — V/um >6,6 AYTM D149
. . . No dripping of
Drip resistance 45 compound Annex K
Complete coating
Holjday detectien‘at 5 kV/mm, max. 25 kV — — no holiday Annex C
Impact resistance 23 J/mm 20,8 Annex D
Indpntationrresistance, test pressure N/mm? 0,1
23 nnex E
— l]{esidual thickness mm >0,6
Specific electrical insu- | R$100 Q-m? 2106
lation resistance o Annex
Rs100/Rs70 — 20,82
Cathodic disbondment resistance at 28 days 23 mm <12 Annex G
Leave a film of
Peel strength to pipe surface and plant coating 23 — compound on the 11.5.8
substrate
Peel strength to steel and plant coating be- Leave a film of
: ; Annex [ and
fore and after 28-day hot-water immersion 23 — compound on the
o 11.5.8
testat 30 °C substrate

a  Thisrequirementis only applicable if the specific electrical insulation resistance after 70 days is less than 10 times the
requirement of the specific electrical insulation resistance after 100 days.

© ISO 2016 - All rights reserved

25


https://standardsiso.com/api/?name=282c5a9f768d9ba4a70ba3a9a3e84052

ISO 21809-3:2016(E)

12 Cold-applied polymeric tape coatings

12.1 Coating identification

Cold-applied polymeric tape coatings (FJC Type 12) shall be identified in the APS in accordance with
Table 2 and shall meet the requirements of Table 10. Data sheets for the coating materials shall be in
accordance with Table 4 (primer) and Table 5 (tape).

Application instructions shall be provided by the manufacturer in accordance with Table 6.

12.2 Des(

Cold-applig
without a
This coatin
— 12-1:y
— 12-2:Y
12-3: ¥

The Tmax s

‘Tription of the coatings

d polymeric tape coatings consist of several layers of one or more polymeric tapes, wit
rimer.

g type can be further subdivided into the following:

vith a Tpax not greater than 50 °C;

vith a Trhax not greater than 80 °C;

vith a Tax not greater than 120 °C.

hall be stated in brackets, e.g. FJC Type 12-1(30) or F]JC TypeA12-1(50).

A Tmax higler than 120 °C can be agreed as long as the requireménts of Table 10 are met.

12.3 Surface preparation

Surface pr
shall be be
overlap on

The area |
minimum

bparation shall be carried out in accordance’ with the APS. The edges of the plant coa
velled and the plant coating shall be reughened for the minimum length according to
the plant coating (12.4.4).

eing coated shall be cleaned hy .abrasive blast-cleaning as described in ISO 8504-2
brade Sa 2 according to ISO 8501-1. The profile/roughness shall be in accordance with

manufactufrer’s application instructions:

For FJC Ty
ISO 8504-3

to a minimum of grade St 3 according to ISO 8501-1, by agreement of the end user.

Dust contamination shall be‘grade 3 or better, measured in accordance with ISO 8502-3.

12.4 Coat

12.4.1 Ge

ing application

neral

1 Or

[ing
the

0 a
the

pe 12-1, surface preparation can be achieved by power tool cleaning as described in

ADC

Applicatior

12.4.2 Ap

£l A 1 111 HPA | £ | sila 2l
1I'UT UIIT huauus 211l UT UAITITU UUL TIT AdULUT UAIIUT VWILIT LIIT Al .

plication of the primer

If applicable, application of the primer shall be carried out in accordance with the APS.

12.4.3 Ap

plication of polymeric tapes

Application shall be carried out in accordance with the APS. As a general guide, the following application

procedure

shall be followed.

Prepare the surface according to the approved method.

— Apply a thin coat of compatible primer (if any); allow the primer to dry.
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— Spirally wrap the area being coated with tapes of an adequate width, employing the right overlap
and using sufficient tension to ensure a complete conformability of the coating. Any tenting effect
shall be prevented. A manual application tool should be used to achieve these goals.

A single piece of wrapping wide enough to cover the required area may be used in certain circumstances
(in particular, for offshore installation on a conventional barge).

12.4.4 Overlap

The minimum tape overlaps shall be in accordance with Table 7, or the manufacturer’s required overlap
(Tahle6) ifgrpm'pr

The overlap of tape on plant-applied coating shall be in accordance with the manufacturer’s ppplication
insfructions (Table 6) and shall be at least 50 mm.

Theg width of the tape used depends on the diameter of the pipe. For all types of thdnual application, an
appiropriate width shall be chosen to avoid wrinkling of the tape, which can oceurif the tape {s too wide.

12.5 Testing of the applied coatings

12.5.1 General

Theg tests in 12.5.2 to 12.5.11 shall be carried out for production quality control, and fqr PQT and
PPT if required.

12.5.2 Thickness

Theg nominal thickness is the calculated sum ofsthe thickness of all the layers of the coating before
application. The minimum thickness of the coating on the body of the joint shall be not less than 90 % of
the[nominal value or as otherwise agreed to.by the purchaser.

Unless otherwise agreed with the purchaser, the minimum thickness on the weld cap shall be not
lesy than 0,6 mm.

NOTE The coating thickness onithé weld cap is normally less than on the body because some of tHe polymeric
adhgsive flows from the weld captoe the body, both during and after the application. This is necessarjy to prevent
voids in the coating and is not{detrimental to the corrosion protection.

The coating thickness shall be measured using the method given in Annex B.

12.5.3 Holiday detection

The entire stface of the coated joint shall be checked for holidays or other discontinuities gt a voltage
of 5| kV/mnr+'5 kV at a maximum of 25 kV according to the method defined in Annex C.

Hol|days shall be repaired in accordance with the APS.

12.5.4 Impactresistance

The impact resistance shall be measured using the method given in Annex D and shall meet the
requirements of Table 10.

12.5.5 Indentation resistance

The indentation resistance shall be measured using the method given in Annex E and shall meet the
requirements of Table 10.
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12.5.6 Cathodic disbondment

The cathodic disbondment shall be measured using the method given in Annex G.

The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 10. A test duration
of 48 h instead of 28 days can be used for PPT provided that the test temperature is increased to 65 °C
and a comparison of results is performed during PQT.

The maximum cathodic disbondment after 28 days at maximum service temperature shall be agreed
between the end user and the applicator.

12.5.7 Pe

The peel st
meet the r¢

12.5.8 Pe

Unless sps
of the coat
However, i

The peel
requireme
be used for

el strength between tape layers of polymeric tapes

rength between tape layers shall be measured using the method given in Annex kand s
bquirements of Table 10.

el strength to pipe surface and plant coating

cified otherwise by the manufacturer, the minimum waiting peried Between applica
ing and the peel strength test shall be 120 h. This waiting period“miay be reduced to 2
[ this test fails, it shall be carried out again after a waiting period. of 120 h.

strength shall be measured using the methods given in<Annex H and shall meet
hts of Table 10. The method given in H.1 shall be used fa)PQT. The method given in H.2
PPT and production testing.

Failure shalll not occur at the interface between steel and adhesive, nor between adhesive and polyol

backing, ey

12.5.9 Hdg

A hot-watg

cept for coatings with a peeling strength 50 % higher than the values listed in Table 10.

t-water immersion test

28 days, thle test temperature being the maximum service temperature of the joint coating, limite

specified i

The peel st

N Annex [.

rength after the hot-waterimmersion test shall be measured using the method given in

and shall mpeet the requirements of-Table 10.

12.5.10La

p shear strength

The lap shlear strength _resiStance of polymeric tapes shall be measured using the method give

Annex]J an

1 shall meet the requirements of Table 10.

12.5.11 Thiermal‘ageing resistance

The therm

hall

Fion

4 h.

the
can

pfin

br immersion test shall be carried out in accordance with Annex [ with a duration of

d as

H1

the

hllageing resistance shall be measured using the method given in Annex M and shall meet

requireme

28

nts or 1able 1U.
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Table 10 — Requirements for Type 12 — Polymeric tapes

Property Test Unit Requirements | Requirements | Requirements Test
temp. for Type 12-1 | for Type 12-2 | for Type 12-3 | method
(Tmax<50°C) | (Tmax<80°C) |(Tmax<120°C)
Thickness — mm 20,9 x nominal value Annex B
Holiday detection at 5 kV/ .
mm + 5 kV, max. 25 kV — — no holiday Annex C
Impact resistance 23°C J/mm 24 Annex D
Indentation resistance, pressure 23°C N/mm?2 10,0 1,0 1,0
et Annex E
— Hesidual thickness Tmax mm >0,6 >0,6 >0,6
Cathodic disbondment resistance 23°C Mm <15 <15 <15
at 2B days Annex G
Tmax mm a a a
Pee] strength between tape layers
— ipner/inner 23°C N/mm 21,50 21,50 >2,00
— duter/inner 23°C N/mm >1,50 >1,50 >1,50
Annex L
+ inner/inner, outer/inner Trmax N/mm >0,20 b b
+ outer/outer 23°C N/mm 20,20 20,20 20,80
+ outer/outer Trmax N/mm >0,20 b b
Pee| strength
— tp steel surface 23°C N/mm >1,00 >1,00 >1,00 Annex H
— tp steel surface Tmax N/mm 20,10 b b
— tp plant coating 23°C N/mm =0,40 20,40 20,40
— tp plant coating Tmax N/mm >0,04 b b
— tp plant coating after 28-day o
hotqwater immersion test at 50 °C 23°C N/Tm 20,4 20,40 20,40 Annex|
— tp steel surface after 28-day 23°G N/mm 20,40 20,40 20,40 Annex |
hot{water immersion test at 50 °C
or 80 °C
Lanlsh . 23°C N/mm?2 >0,050 >0,050 >0,100 A
ap|shear strengt nnex
Tmax N/mm?2 >0,050 =0,020 b
Thermal ageing resistance —
Ratjo of — 1,25 2 E100/E0 20,75
— dlongation at break — E100/E7020,8
a
— geel strength\between tape — P'100/P’0 20,75 Annex M
laydgrs — P'100/P'702 0,8
— feel stréngth to pipe surface — P100/P0o 20,75
— P100/P702 0,8

a By agreement after qualification.

b The testis considered passed when the tape leaves a film of adhesive on the substrate.

13 Non-crystalline low-viscosity polyolefin based coatings

13.1 Coating identification

Non-crystalline low-viscosity polyolefin based coatings (FJC Types 13A and 13B) shall be identified in
the APS in accordance with Table 11 and shall meet the requirements of Table 12.

Data sheets for the non-crystalline low-viscosity polyolefin based compound used as the base of the
coatings shall be in accordance with Table 13.
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Application instructions shall be provided by the manufacturer in accordance with Table 14.

13.2 Description of the coatings
Non-crystalline low-viscosity polyolefin based coatings consist of the following:

— a non-crystalline (fully amorphous) low-viscosity (non-crosslinked) non-reactive polyolefin (e.g.
polyisobutylene, other polybutenes, or atactic polypropylene) based compound layer with a direct
bond to the substrate, which can be reinforced by fabrics and/or be covered by a backing film;

— apolymeric outer wrap tape or sheet (F]C type 13A), or a heat shrinkable outer wrap material (F]C
type 1BB), or any other agreed material.

The purpoges of the compound are to prevent corrosion of the steel surface and to preventyveids pnd
repair small coating defects of the complete FJC.

The purpoges of the outer wrap are to provide additional circumferential compression) accelerate|the
bond, supplort self-healing and provide additional mechanical protection for the coating system.

Additional[mechanical protection can be used over the F]JC to improve mechanical properties, that jnay
be needed during transportation (e.g. when it travels over rollers on a lay-hargé) and operation.

The non-crjystalline low-viscosity polyolefin based compound is available in the following forms:
— tapes;
— wrapafound sheets;

— pre-formed shapes;

— mouldpble compounds;

— pourable liquids.

Non-crystdlline low-viscosity polyolefin based:coatings can be divided into the following:
— 13A-1jand 13B-1 with a Tiyax not greater than 50 °C;

— 13A-2|and 13B-2 with a Tiyax notgreater than 70 °C;

— 13A-3|and 13B-3 with a Tya/not greater than 95 °C.

The Tmax shall be stated inbrackets.

A Thmax higher than 95:2C can be agreed as long as the requirements of Table 12 are met.

NOTE igh temperature classes can require either more time or a higher substrate temperature to achjieve
the prescriled levels of bonding (cohesive separation mode and full coverage).

The Tmax sk aH bn dnﬁ'nnd inthe APS in accordanceswith Tahle 11

13.3 Surface preparation

Surface preparation shall be carried out in accordance with the APS. The edges of the plant coating shall
be bevelled and the plant coating shall be cleaned over the minimum length specified for the overlap on
the plant coating (see 13.4.2).

Surface preparation shall be carried out by means of wire-brush cleaning in accordance with 9.1.2.1
and 9.1.2.3 to a minimum degree of cleanliness of ISO 8501-1 grade St 2.

Alternative surface preparation methods can be used by agreement.

Dust contamination shall be grade 3 or better measured in accordance with ISO 8502-3.
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13.4 Application of the coatings

13.4.1 General

Application of the coatings shall be carried out in accordance with the APS.

The non-crystalline low-viscosity polyolefin based compound shall be applied without tension and/or
moulded in place assuring coverage and adhesion on any compatible substrate.

The outer wrap shall be applied with tension to provide circumferential compression in accordance

wit

h the manufacturer’s recommendations.

Thd
the

13.
The

maiufacturer’s application instructions (see Table 14).

Ad
cap

Thd
min
WTr3

The

malnufacturer’s instructions.

13.

13.

If re
pro

Thd
are

13.

minimum application temperature shall be at least 20 °C above the glass transition tem
non-crystalline low-viscosity polyolefin(s).

1.2 Overlap

minimum overlap of the compound onto the plant-applied coating shall be in accordan

puble thickness of the compound shall be applied in an area extending 25 mm either side

imum of 3 mm of compound shall be visible on both sides‘of the outer wrap. Alternativel
p shall overlap the plant-applied coating by at least 50_mm on both sides excluding bevel

overlap of the spirally wrapped outer wrap:tape shall be 50 %, or in accordanc

5 Testing of the applied coating

b.1 General

quired, the tests in 13.5.2 to\13:5.14, summarized in Table 12, shall be carried out for P(
duction testing.

tests shall be carried\otit on pipes coated with the complete coating. Cut samples or fl
not allowed unlessioetherwise specified.

5.2 Thickness

berature of

e with the

of the weld

outer wrap shall cover the non-crystalline low-viscosity, polyolefin compound layer, except that a

y, the outer
.

b with the

T, PPT and

at surfaces

Thg minimuim)thicknesses of the compound and of the complete coating on the body of th¢ field joint
shall be as'specified in the APS.
Unl less of the

coIr

NOTE

bss+otherwise agreed with the end user and the manufacturer, the minimum thick
plele COallng Ol (1€ Weld Cdp SI pDe 110 T © [10 LI [ pDE 110 [1011ddV

U,0

(13.5.3).

The coating thickness on the weld cap is normally less than on the body because some of the coating

material flows from the weld cap to the body, both during and after application. This is necessary to prevent
voids in the coating and is not detrimental to the corrosion protection.

The coating thickness shall be measured using the method given in Annex B.

13.5.3 Holiday detection

The entire surface of the coated field joint shall be checked for holidays or other discontinuities at a
voltage of 5 kV/mm + 5 kV at a maximum of 25 kV, in accordance with the method defined in Annex C.
This test shall be carried out after application of the compound and may be repeated after completion
of the coating where so required by the end user.
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Holidays shall be repaired in accordance with the APS.

13.5.4 Impactresistance

The impact resistance shall be measured on the complete coating, using the method given in Annex D,
and shall meet the requirements of Table 12.

13.5.5 Indentation resistance

The indentation resistance shall be measured on the complete coating at 23 °C and at maximum service
temperatu i

1T

M 4] 4] < H H A I | 1 11 dede] M 4= Vallan i) 10
G, WG LT HITUHUUW SIVEIT TN ALTITA L, AU SHAIT ITIITTULHT TTUUIT TIHITIILS Ul 1dU L4,

13.5.6 Spkcific electrical insulation resistance

The specific electrical insulation resistance shall be measured on the compound layer, usingthe method

given in Arjnex F, and shall meet the requirements of Table 12.

13.5.7 Cathodic disbondment resistance

The cathoglic disbondment resistance shall be measured on the complete\coating over a periofl of

28 days at
given in An

23 °C and at maximum service temperature (limited to 95 °C maximum), using the met]
nex G for small-diameter pipe. The 6 mm hole through the eoating shall be obtained by u

a 6 mm hollow hammer punch, followed by surface cleaning to bare steel.

A test durd

tion of 48 h at 65 °C instead of 28 days at 23 °C can-be used for PPT or production tes

hod
bing

[ing

provided that comparison of results is performed during PQT;

The cathod
of the com
13.5.2 and

ic resistance shall meet the requirements in Table 12 and at the end of the test the thickness
bound at the artificial defect shall be as a minimum the specified thickness in the APS as|per
there shall be no holidays (self healing) asper 13.5.3.

13.5.8 Pepl strength between layers of outépwrap

l at
the

The peel s
23 °C and
requireme

trength between the outer wrap layers (FJC Types 13A and 13B) shall be measure
At maximum service temperature, using the method given in Annex L, and shall meet
nts of Table 12.

13.5.9 Adhesion to pipe surface and plant coating

The adhesi
has been a

on test shall be carried out after application of the outer wrap and after cooling where heat
bplied.

B °C
ling
the

The adhesion to steel’and plant coating of compound containing reinforcement shall be tested at 2
and at mayimumservice temperature, using the methods given in Annex H, and the results concer
the force required for peeling recorded. The separation mode and substrate coverage shall meet
requiremen verH—Ttable—42- ohesive-separatie ode— ST e—Fein errert led
out of the compound). The compound shall leave a film of corrosion protective coating material on the
substrate with a minimum coverage area of 95 %. The method given in H.1 shall be used for PQT. The
method given in H.2 can be used for PPT and production testing.

= A Q aration aaodo aq ad a o
., v, - C O P

The adhesion to steel and plant coating of compound containing no reinforcement shall be measured
as follows. Adhesion testing shall be carried out at the 6 o’clock and 12 o’clock positions of the F]C or
coated pipe sample by using a utility knife to attempt to lift the coating material from the steel surface.
The coating material shall leave a film of corrosion protective coating material on the substrate. There
shall be no evidence of adhesive failure.

When applicable adhesion to the plant coating of the outer wrap polymeric tape (FJC Type 13A) or of the
outer wrap shrinkable material (FJC Type 13B) shall be measured using the peel strength method given
in Annex H and shall meet the requirements given in Table 12.
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13.5.10Thermal ageing resistance

A thermal ageing test of the complete system shall be carried out in accordance with M.3 for 100 days
at Tmax + 20 °C. After this test, the adhesion of the compound to the pipe surface and the plant coating
shall be measured as specified in 13.5.9 and shall meet the requirements of Table 12.

The thermal ageing test for the outer wrap tape and outer wrap heat shrinkable material shall be
carried out in accordance with Annex M for 100 days at Tjax + 20 °C using the method given in M.1
adapted for the measurement of the elastic modulus instead of elongation at break (ISO 527-1), M.2
(peel strength between layers) and M.3 (peel strength to pipe surface, when applicable) and shall meet

the

requirements of Table 12.

13.

The
tem
pee
sub

13.

A h
Anr

b.11Resistance to lap shear

lap shear strength of the compound shall be measured at 23 °C and at’maximy
perature, using the method given in ].2, and shall meet the requirements-of Table 12.
| mode is required. The compound shall leave a film of corrosion protective;coating mat¢
strate. There shall be no evidence of adhesive failure.

b.12 Hot-water immersion test

pt-water immersion test of the complete coating system shall-be carried out in accor
ex | for 100 days at Tmax + 20 °C, limited as specified it Annex I. After the immersig

adhlesion of the compound to the pipe surface and the plant{coating shall be measured as 3
13.%.9 and shall meet the requirements of Table 12.

13.
No

t-water immersion test of the outer wrap shall beearried out in accordance with Annex | f
nax, limited as specified in Annex I. The adhesion'of the outer wrap to the plant coating (if
1 be measured using the method given in Anpex H and shall meet the requirements of Tab

.p.13Glass transition and crystallization temperatures

glass transition temperature and crystallization temperature of the non-crystalline
1 be determined by differential*thermal analysis of a sample of the material in accor
11357-1,1S0 11357-2 and 1SO11357-3 and shall meet the requirements of Table 12.

5.14Drip resistance

dripping of the compound shall be allowed, as specified in Table 12, when performi

Im service
A cohesive
brial on the

lance with
n test, the
pecified in

br 100 days
applicable)
le 12.

polyolefin
lance with

hg the test

in dccordance withhAhnex K with a modified test temperature of Tphax + 20 °C, with a migimum test

tem

perature of 80-°C for 13A-1 and 13 B-1.

Table 11 — Coating identification

Property

Coating trade name
Type of FJC

Maximum and minimum service temperature

Form of non-crystalline low-viscosity polyolefin compound

Types, number and thicknesses of layers

Trade names of all layers

Nominal thickness of complete coating

Compatible plant coatingsa

a

State all types of plant coating that have been tested sucessfully with the coating.
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Table 12 — Requirements for non-crystalline low-viscosity polyolefin based coatings

(Types 13A and 13B)
Property Test temp. | Units | Requirements Test method
Non-crystalline low-viscosity polyolefin compound
Minimum thickness 23°C mm 2specified minimum value Annex B
Glass transition temperature — °C atleast 20 .C below minimum applica- [SO 11357-2
tion temperature
Crystallization temperature — °C No evidence of crystallization 1SO 11357-3
Holiday det¢ction at 5 kV/ . . No holida \&
mm + 5 kV, myix. 25 kV Y o)
A4
. . Tmax + 20 °C - E’ K
Drip resistanfe (minimum 80 °C) — No dripping of compound Q
S
23°C 20,04 O
Adhesion test ¢freinforced com- (] 1/
pound with refpect to steel and . .
to plant coatinf before and after N/mm Cohesive separatio Annex H
thermal ageingand be_fore and Tnax 0,02 Coverage > (and M.3 and AnneyI)
after hot-watef immersion, both
for 100 days 4t Tmax + 20 °C Q O
v
23°C Q
Adhesion test df compound with- 0
outreinforcement with respect 5\
to steel and fo plant coating . . 13.5.9
before and aftgr thermal ageing — The coa%géd o?ll}cﬁia:jbas’?rlgcle()f com- (and M.3
and before anfl after hot-water Tmax § ’ and Annex )
immersion, bgth for 100 days at N Q)
Tmax +20°C) A\
x
~
23°C \§ 20,004 Cohesive separation mode
Lap shear res|stance N@m Annex]
Tmax C) 20,002 Coverage 295 %
Rs100 1o am?2 >108
Specific electrfi- @
cal insulation 23°C Annex F
resistance Rs100/Rs70 C) — 20,82
ax

a Thisrequir
of the specifid

ance after 100 days.

V
ment shall be fulfilled o@the specific electrical insulation resistance after 70 days is less than 10 times the requirer
electrical insulation t
N

hent

QY

Complete coating

?

NI
o

Impact resistince 23°C ] =15 Annex D
FJC g@ 13A 13B
. N/mm? 1,0 10,0
Indentationr¢- @St pressure 239C and Towoe Annex E
sistance
Residual
thickness mm 20,6
Cathodic disbondment resist- o . Annex G
ance at 28 days 23 °Cand Tiax mm 0 mm, no holiday (and Annex C and 13.5.7)
Type 13A (Outer wrap — Polymeric tape)
23°C 20,20
feel strength of outer wrap layer N/mm \ I
o outer wrap layer Tnax >0.02
Peel strength to plant coati 3¢ =10
eel strength to plant coating N/mm Annex H
(if applicable, see 13.4.2) Tinax 20,1
34 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=282c5a9f768d9ba4a70ba3a9a3e84052

Table 12 (continued)

1SO 21809-3:2016(E)

Property

Test temp. Units

Requirements

Test method

Peel strength (P'100/P'o) outer
layer to outer layer after hot
water immersion for 100 days
at Timax, max. 95 °C.

23°C —

>0,75

Annex L

(and Annex )

Peel strength (P100/Po) to plant
coating (ifapplicable, see 13.4.2)
after hot water immersion for

23.°C —

Q75

Annex H

100[days at Tmax, max. 95 -C.

{and Annex )
0

Elaskic modulus (E190/Eo) after
therjmal ageing for 100 days at
Tmay + 20 °C

23°C —

>0,75

( ~7

M1 andliso 527-2

Peellstrength (P'100/P"0)
outdr wrap layer to outer
wrap layer after thermal
ageipg for 100 days at
Tmag + 20 °C

23°C —

20,50
O
&

O
Qu
O

N
N

Peell strength to plant coating
(if applicable, see 13.4.2) after
thenmal ageing (P100/Po) for
100|days at Timax + 20 °C

23°C —

&
20,75
N

‘\
%

Type 13B (Outer wrap —

N\
ﬁ‘e\at-shrinkable material)

23°C

Pee] strength outer layer to
outdr layer

>1,0

Tmax

N
N
Q

Peell strength to plant coating

23°C

(if applicable, see 13.4.2)

N/mm

Tmax C;\\\)

Peellstrength (P'100/P'o) outer
layefr to outer layer after hot
watg¢r immersion for 100 days
at Tihax, max. 95 °C

\c O

@ .
C)C)z3 °C —

-

>0,75

(and AnnexI)

N
Peell strength to plant g
coatjng (ifapplicable, 4.2)

aftgr hot water j rsion
(P10p/Po) for 10 at Tax,
max. 95 °C E

23°C —

>0,75

Anpex H
(and AnnexI)

E]asﬁf?nrhl]nc fF'1nn’/F'n] after

thermal ageing for 100 days at
Tmax + 20 °C

23°C —

>0,50

M.1 and ISO 527-2

Peel strength (P'100/P'o) outer
layer to outer layer after ther-
mal ageing for 100 days at
Tomax + 20 °C

23°C —

>0,75

Peel strength (P100/Po) to
plant coating (P"100/P"0) (if
applicable, see 13.4.2) after
thermal ageing for 100 days
at Tpax + 20 °C

23°C —

>0,75
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Table 13 — Data sheets of non-crystalline low-viscosity polyolefin compound

Property Units Test method
Trade name — —
Prefabricated compounda — —

— generic type of non-crystalline low-viscosity polyole-

fin

— generic type of reinforcement material

Colour — —
Nominal thickness of prefabricated compound mm IISS%AZSS%E/
Density g/cm3 —
Maximum and minimum service temperature °C —
Storage conditions .

— temperature range (minimum/maximum) ¢ -
Shelf life at storage temperature month, —

a  [fapplicable.

Data according to this data sheet shall be supplied for each coating eemiponent.

Table 14 — Application instructions

Property

Units

Ambient conditions
— minimum temperature
— maximum temperature

— maximum relative humidity

°C
°C
%

Surface preparation of steel surface
— surface cleanliness (ISQ.8501-1)

Surface preparationof plant coating

Application of coating
— method of.application
— surfacetemperature/dewpoint

— material temperature

°C
°C

General

= minimum thickness

— overlap on plant coating (minimum and maximum)a
— specific application instructions

— repair procedures

a  To be given for each compatible plant coating.
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14 Coatings based on heat-shrinkable materials

14.1 Coating identification

Coatings based on heat-shrinkable materials (FJC Types 144, 14B, 14C and 14D) shall be identified in
the APS as per Table 15 and shall meet the requirements of Table 16 or 17 (depending on coating type).

Data sheets for the coating materials shall be in accordance with Table 18 (liquid primer), ISO 21809-2
(epoxy powder) or Table 19 (shrinkable materials).

Application . halll ided by tl : . l ith Tahle 20

NOTE Heat-shrinkable coatings for use in horizontal directional drilling and slick bore applications can be
subject to additional requirements.

14.2 Description of the coatings

14.2.1 General

Hedt-shrinkable materials consist of an external backing made of extruded and cross-linked polyolefin
and| an internal adhesive made of thermoplastic material. The shrinkage of the backing instils a level
of dircumferential compression in the coating that supplements the bonding of the sleeve fo the pipe
surface. Some versions include an epoxy layer applied to the steel.

Hegt-shrinkable materials are available in the following forims:

— |tubular sleeve;

— |wrap-around sleeve;

— |pre-formed material (assembly for complex configuration parts);

— |tapes.

14.2.2 Type 14A

Type 14A coatings are cross-linked, heat-shrinkable materials based on polyethylene, applied without
primer, which can be further’subdivided into the following:

— |14A-1: mastic adhesive, with a Tyyax not greater than 50 °C;
— |14A-2: masticadhesive, with a Tiyax not greater than 80 °C;
— [14A-3: hot-melt adhesive, with a Tiyax not greater than 120 °C.

The Tax'shall be stated in brackets.

aadranaantc oFf Tl 1o 12 ooen oo o4
\/\1“!1 CITICIILO UL 1TAdUIC 11U dI'C ITIIC .

AT hicharth o 19N O0C ~o Lo ogwand ocloma o0 3
aAxX IS HICT tIralt T20— G carr oCagT CCtas oIS oS T

Polypropylene can be used instead of polyethylene if approved by the end user. In this case, the
requirements given in Tables 16 should be adapted by agreement.

14.2.3 Types 14B, 14C and 14D

Types 14B, 14C and 14D are cross-linked, heat-shrinkable materials coatings applied with a liquid
epoxy, FBE or any other compatible primer which can be further subdivided into the following:

— 14B-1: cross-linked heat-shrinkable polyethylene-based material, with a Tyyax not greater than 60 °C;

— 14B-2: cross-linked heat-shrinkable polyethylene-based material, with a Tyyax not greater than 80 °C;
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— 14C: cross-linked heat-shrinkable polyolefin-based material with reinforced backing (hybrid), with

a Tmax not greater than 110 °C;

— 14D-1: cross-linked heat-shrinkable polypropylene-based material, with a Thax not greater t
110 °C;

han

— 14D-2: cross-linked heat-shrinkable polypropylene-based material meeting the requirements of
Clause 19 for polypropylene systems types 19-A, 19-B and 19-C, with a Tiyax not greater than 110 °C.

The test temperature shall be stated in brackets, e.g. Type 14C (60).
A Tmax hlg Y

The mininfum thickness of primer shall be specified in order to fulfil the requirements of fable
The recommended minimum thickness is 200 pm for FBE and 150 um for liquid epoxy, measure
accordance with Annex B.

14.3 Surface preparation

Surface preparation shall be carried out according to the APS. The edges of the)plant coating shaiﬂ be

bevelled and the plant coating shall be roughened for the minimum length according to the overla
plant coatipg (see 14.4.4).

The area lpeing coated shall be cleaned by abrasive blast-cleaning{as"described in ISO 8504-2
minimum grade Sa 21/2 according to ISO 8501-1. The profile/roughress shall be in accordance with|
manufactufrer’s application instructions.

Provided that the maximum design temperature does not.exceed 50 °C, for FJC Type 14A-1 and T
14A-2, surface preparation can be achieved by power teol cleaning as described in ISO 8504-3
minimumligrade St 3 according to ISO 8501-1, by agreement of the end user.

Dust cont
be acceptefl for Type 14A-1 and Type 14A-2 preyizided that the maximum design temperature does
exceed 50 {C.

14.4 Application of the coatings

14.4.1 General

Application of the coating shallbe carried out in accordance with the APS.

14.4.2 Application of the primer

Application of theprimer, if any, shall be carried out in accordance with the APS.

14.4.3 Application of heat-shrinkable materials

on

0 a
the

ype
[0 a

ination shall be grade 2 or better, measured in accordance with ISO 8502-3. Grade 3 may

not

Application of the material shall be carried out in accordance with the APS. As a general guideline,
following procedure shall be followed.

— Ifusing a tubular sleeve, position the sleeve beside the weld before welding.

— After welding, clean the area with the approved cleaning method.

the

— Pre-heat the area to be coated as per manufacturer recommendations. Where possible and/or
practical, induction heating should be used. This is to ensure a uniform and consistent pre-heat

level, especially for pipe diameters larger than 600 mm (24”).

— Position the sleeve so as to provide the correct overlap on the plant coating when shrinking is

completed.
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— Heat the sleeve to the specified surface temperature with a gas torch or other heat source (e.g.
infrared heater).

The heat shall be applied progressively and regularly to ensure a uniform heat pattern as specified in
the APS in accordance with the manufacturer’s instructions, and demonstrated by the applicator in the
PPT, if performed.

NOTE Two operators are usually necessary for pipe diameters larger than 300 mm (12”).

Temperature shall be checked by a temperature-measuring device (e.g. hand-held thermocouple), at a
minimum of one location on each side of the pipe, immediately prior to application of the sleeve.

Thd heating time and the temperature shall not result in visible oxidation of the surface oftle steel and
of the coating, detrimental to the quality of the coating of the joint or damage the plantiapplied coating.

In addition, for Types 14B, 14C and 14D when using FBE, the heating time and the temperatufe shall not
adversely affect the mechanical properties of the pipe steel (see NOTE and CAUFION in 17.4.B).

If a| delay results in the surface cooling to below the temperature range ‘specified by the powder
manufacturer, the pipe shall be re-heated, and, if required, the abrasiye-blasting shall be ilepeated to
me¢t specification requirements.

14.4.4 Overlap
The overlap of shrinkable materials on the plant-applied‘cCoating shall be in accordancp with the

manufacturer’s application instructions (Table 20). For«all materials, this overlap shall pe at least
50 mm after shrinking.

14.5 Testing of the applied coatings

14.5.1 General

Theg tests in 14.5.2 to 14.5.12 shall bé carried out for production quality control, and fqr PQT and
PPT if required.

14.5.2 Thickness

Thg manufacturer shall provide the as-supplied product thickness that achieves the specified minimum
thidkness required by the purchaser or end user for the applied coating system.

The coating thickfiess shall be measured using the method given in Annex B.

The thickness \of the coating on the body of the joint shall not be less than the minimun} thickness
sperified in‘the APS or as otherwise agreed to by the purchaser.

Thg minimum thickness of the coating measured on top of the weld cap shall not be less thlan 75 % of
thelspecified minimum thickness

NOTE The thickness on the weld cap is normally less than the thickness on the body because some of the
polymeric adhesive flows from the weld cap to the body both during and after the application.

14.5.3 Holiday detection

The entire surface of the coated field joint shall be checked for holidays or other discontinuities at a
voltage of 5 kV/mm + 5 kV at a maximum of 25 kV, according to the method defined in Annex C.

Holidays shall be repaired in accordance with the APS.
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14.5.4 Peel strength

The minimum waiting period between application of the coating and the peel-strength test shall be
24 h, unless specified otherwise.

The peel strength shall be measured using the methods given in Annex H and shall meet the
requirements of Table 16 or Table 17 as applicable. The method given in H.1 should preferably be used
for PQT. The method given in H.2 can be used for PPT and production testing, as well as for PQT in
agreement with purchaser.

Peel mode separation shall occur cohesively within the adhesive layer for all types of coatings.

14.5.5 Cathodic disbondment
The cathodic disbondment shall be measured using the method given in Annex G.

The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 16 or Tablg 17.
A test durdtion of 48 h instead of 28 days can be used for PPT provided that the test temperatuie is
increased fo 65 °C and that a comparison of results is performed during PQT.

The cathodlic disbondment after 28 days at the maximum service temperature (subject to an ugper
temperatufe limit of 95 °C) shall meet the requirements of Table 16 or 17.

14.5.6 Hdt-water immersion test

A hot-wat¢r immersion test shall be carried out in accordange with Annex I with a duratiop of
100 days, the test temperature being the maximum service temperature of the joint coating, limitefl as
specified il Annex I. The peel strength shall be measured usihg method given in H.1 and shall meet{the
requirements in Tables 16 and 17.

14.5.7 Impactresistance

The impadt resistance shall be measured using the method given in Annex D and shall meet|the
requirements of Table 16 or 17.

14.5.8 Indentation resistance

The indenflation resistance shall"be measured using the method given in Annex E and shall meet|the
requirements of Table 16 or 1%

14.5.9 Lap shear strength

The lap shear strength resistance shall be measured using the method given in Annex | and shall npeet
the requir¢ments‘of Table 16 or 17.

14.5.10Thiermal ageing resistance and thermal stability |

Except for Type 14D-2, the thermal ageing resistance shall be measured using the method given in
Annex M and shall meet the requirements of Table 16 or 17.

For Type 14D-1, the thermal stability shall be tested at 130 °C for 50 weeks on the installed system
using the method given in Annex N and shall meet the requirements of Table 17.

14.5.11Bursting strength

For Types 14C, the bursting strength of the backing shall be tested in accordance with Annex O and
shall meet the requirements of Table 17.
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14.5.120xidation induction time

For Type 14D-2 and 14D-3, the oxidation induction time shall be tested on backing in accordance with
[SO 11357-6 and shall meet the requirements of Table 17.

Table 15 — Coating identification

Property

Coating trade name

Basic type of coating material

Form of shrinkable material

Minimum thickness of the applied coating system

Compatible plant coatingsa

Primer trade name

Nominal thickness of primer

a  State all types of plant coatings that have been tested successfullywith the coating.
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Table 16 — Requirements for type 14A joint coatings — PE backed, without primer

Test . Type 14A-1 Type 14A-2 Type 14A-3 Test
Property temp. | U™ | (71, <50°C) | (Tmax <80 °C) | (Tmax < 120°C) | method
Thickness — mm 2specified minimum value Annex B
Holiday detection at 5 kV/| — — .
mm + 5 kV no holiday Annex C
Impact resistance (holiday 23°C J/mm S5 S5 7 Annex D
detection at 5 kV/mm + 5 kV) - - - AlnexL
N/mm?2 10 10 100
23°C
Indentation|resistance: Pres- mm 20,60 20,60 21,0 aexlE
sure and residual thickness N/mm?2 1,0 1,0 1,0 A B
TmaX
mm 20,60 20,60 >1,0
Cathodic disbondment at| 23°C mm <10 <10 <15 Annex|G
28 days Trmax mm <15 <20 <202 —
Peel strength to pipe surface| 23°C | N/mm 20,70 21,0 23,0 Annex{H
and plant applied coating Tmax | N/mm 20,10 0,10 20,20 Annex[H
Peel strength to pipe surface
and plantapplied coating after Annex I hnd
100-day hotjwater immersion| 23 °C | P100/Po =0,75 >0,75 >0,75 _e_Ann M
test at Tpalk limited as per ANnexyl
Annex|
23°C | N/mm?2 =0,05 =0,10 >5,0
La.p shear strength at 10 mm/ / Annes]
min Tmax | N/mm?2 20,01 =0,01 =0,10
Thermal ageing resistance 23°C .
(aged at Tphx + 20 °C)
Elongation pt break
E100/Eo >0,75 >0,75 >0,75
E100/E70 =0,80 =0,80 =0,80 Annex M
Peel strength to pipe surface
P100/Po 23 % — >0,75 >0,75 >0,75
P100/P70 >0,80 >0,80 >0,80
a  Testcarfied outat 95 °C.
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Table 17 — Requirements for type 14B, 14C and 14D joint coatings — PE-backed, hybrid or PP-
backed, applied onto a primer (3-Layer Systems)

Type 14B-1 Tg:ﬂ;eltgi_z Type14C | Type14D-1 | Type14D-Z | est
Property t:frf; Unit |Ppolyethylene ene hybrid polypropylene | polypropylene | 4, ath-
(Tmax $60°C) | 1 _ggoqy|(Tmax$110°C) | (Tmax $110°C) | (Tmax < 110°C) | ©4
Thickness - Sleeve Layers — — >specified minimum value Annex B
Holiday detection at 5 kV/ .
mm + 5 kV — — no holiday Annex C
Impact resistance (holiday| .. .- L c o 5 16 16
deteftionat 5kV/mm+5kv)| <7 >~ | U = = = = _;.UA AnnexD
Indgntation resistance: Q'\V
Preqsure N/mm?2 10,0 10,0 10,0 10,0 L 10,0
Tmax (D Annex E
Residual thickness mm >0,6 >0,6 >0,6 >0,6 O\ —
v
Amdunt of penetration mm — — — _O\Q <0,9
7
23°C mm <5,0 <5,0 <5,0 qg\ <5,0
. . V
ggt; odic disbondment at Trnax -O Annex G
Ays limited | mm <10 <10 <10 (O <10 <10
t0 95 °C N
\}
Peellstrengthat 10 mm/min| 23 °C N/mm >4,0 >5,0 2}0 O >4,0 >15,0
to pipe surface and to poly- ‘g H1
olefin plant coating Tmax | N/mm 20,20 2030 | G020 22,0 24,0
Peellstrength at 10 mm/min ~\\(
to pipe surface and to poly- \‘>\ Annex [
olefip plantcoatingafter 100-| 23°C | P100/Po >0,75 >0,75 5\ >0,75 >0,75 >0,75 and
day hot-water immersion test @ AnnexH
at Tpjax limited as per Annex [ \'\Q
Lap ghear strengthat 10 mm/ 23°C | N/mm?2 21,0 + 12y 23,0 26,0 25,0 29,0
. N\ "4 AanX
min Tmax | N/mm?2 20,07 <\ 20,20 20,6 21,0 21,0
Thefmal ageing resistance \O
o AnnexM
(agel at Tax + 20 °C) C\er
_ i N\
Efongationatbreak Fioo/ | p3oc | _ :_)\20,75 20,75 N.A. 20,75 N.A.
E70) . AnnexM
Phel h to pi |
— Pgel strength to pipe sur- @
face|(P100/P70) 20,75 20,75 20,75 20,75 N. A.
Burfting strengt hof rein- AN - - - o -
forchd backing (Bioo/B70) | 27§ - 20,75
Burfti h of rei .
urfting strength of rein- @o . . . .
forcgd backing d ¢ N 2000
N
Oxidation induction@?&q 150
the _alckingatZZO ter- — min — — — >15 >15 11357-
cept]in the tan ethod) 6
Themal g ?@yatﬁo Cfor 130°C | visual — — — No cracks — AnnexN
50 weeksyinstalled system
<
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Table 18 — Data sheet — Liquid primer

Property Unit Test method

Trade name — —

Generic type — —

Solid content 100 % —
Density (base and hardener) g/cm3 [SO 2811-1
Mix ratio — _
Starage temperature max °C —
Shelf life at storage temperature month —
Recommended dry film thickness mm —
Pot life at 23 °C — —

Flash point (base and hardener) — —

Table 19 — Data sheet — Shrinkable materials

Property

Unit Test method

Trade namg

Descriptior

of coating material — —

Colour

Shrinkable|material type — —

Nominal thjckness (as supplied)

mm

ISO 4591 and ISO 4593

Adhesive type

Storage temjperature, min., max.

°C

Shelf life at|storage temperature

month

Table 20.—Application instructions

Property

Unit

Ambient conditions_(minimum temperature, maximum temperature,
relative humidity, dew point)

Surface preparation of steel surface

Cleanliness (ISO 8501-1)

Protile (1SO 8503-2)

Pre-leat temperature range

Surface preparation of plant coating

44
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Mixing ratio

Pot life

Cure temperature profile (temperature vs. time)

Application of heat-shrinkable material

Surface pre-heat temperature

Method of pre-heat

Shrink procedure

Overlap on plant coating (minimum)

Repair procedures
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15 Hot-applied microcrystalline wax coatings

15.1 Coating identification

Coatings made from hot-applied microcrystalline wax (FJC Type 15) shall be identified in the APS as
per Table 21 and shall meet the requirements of Table 22.

Data sheets for the coating materials shall be in accordance with Table 23.

Application instructions shall be provided by the manufacturer, in accordance with Table 23.

15.2 Description of the coating

The coating consists of the following:

— |amicrocrystalline wax applied directly to the surface;
— |an outer wrap;

— |afinal layer of hot-applied wax.

Maximum service temperature is 50 °C.

15.3 Surface preparation

Surface preparation shall be carried out by wire-brush ¢leaning according to the provisions ¢f9.1.2.3 to
a mfnimum cleanliness of ISO 8501-1:2007, grade St 2.

The plant-applied coating shall be bevelled and.reughened for the minimum length accorfling to the
oveflap on plant coating (15.4.2). The plant-appliéd coating shall not be removed.

Dugt contamination shall be grade 3 or better, measured in accordance with ISO 8502-3.

The adjoining plant-applied coating-shall be cleaned and abraded to expose a fresh surfage of plant-
applied coating for a minimum distance of 50 mm each side of the joint.

15.4 Application of the eoating

15.4.1 General
The coating is applied using an outer wrap system in either a spiral wrap or wraparound application.

Pipg surfacetemperature shall be greater than 3 °C above the dew point temperature prior|to coating.
If pre-heating’is used to eliminate surface moisture, the heating time and the temperature shall not

danmage the plant-applied coating.
15.LZ Application of the microcrystalline wax

The wax shall be applied in accordance with the APS and the manufacturer’s instructions.

The wax shall be heated in accordance with the APS and flood coated onto the pipe surface.

The overlap on the plant-applied coating, excluding bevels, shall be not less than 50 mm, unless
otherwise specified in the APS.

At the beginning of each shift, adhesion shall be checked in accordance with 15.5.4. If the adhesion level
is not acceptable, the application temperature shall be raised by 15 °C and adhesion shall be retested. If
adhesion is acceptable, then all coating shall be applied at the increased temperature.
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15.4.3 Application of the outer wrap

At any interval after application of the first layer of wax, the outer wrap shall be applied in either a
spiral or a wraparound application, as specified by the purchaser.

15.4.4 Application of wax top coat

A final flood coat of wax may be applied over the outer wrap.

15.5 Testing of the applied coatings

15.5.1 Ge

The tests i
required, a

neral

n 15.5.2 to 15.5.5 shall be carried out for production quality control, and for PQT and PH
fter cooling of the material.

15.5.2 Thickness

The minim
outer wrayl

No minimu

The thickn|

15.5.3 Hg

The entire

um thickness of the primary wax layer shall be 0,5 mm and the minimum thickness of]
shall be 0,3 mm. This is applicable on the weld cap as well as on.the body of the pipe.

m thickness is specified for the final layer of hot-applied waxwhich shall be visually unifd

ess shall be measured using the method given in Annex Bt

liday detection

T if

the

surface of the coated field joint shall be checked for holidays or other discontinuities, alfter

the outer wrap is applied, at a voltage of 5 kV/mm at’a maximum of 25 kV, in accordance with|the
method defined in Annex C.

Holidays shall be repaired in accordance with the¢ APS. The number of allowable repairs shall be agrleed
as defined jin 6.2.

15.5.4 Ax]hesion

Adhesion festing shall be carried“eut at the 6 o’clock and 12 o’clock positions of the FJC by using a
utility knife to attempt to lift the-coating from the steel surface. Test temperature shall be equal to|the

maximum
The coatin

Adhesion t|

service temperagure:.

D the planpcoating shall be verified in the same manner.

b shall leave@film of wax on the substrate. There shall be no evidence of adhesive failurg.

15.5.5 Ha1rdness

Coating hardness shall be measured by needle penetration in accordance with ASTM D1321 and shall
meet the requirements of Table 22.

46

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=282c5a9f768d9ba4a70ba3a9a3e84052

1SO 21809-3:2016(E)

Table 21 — Coating identification

Property

Unit

Date of issue

Name of manufacturer

Commercial name of the material

Type of material

Application methods and conditions (ambient conditions) —

Maximum service temperature
T

Minimum thickness

Outer wrap composition and thickness

Table 22 — Requirements for hot-applied wax for Ty, 0f 50'°C

Prgperty | Unit | Requirements Test method
Microcrystalline wax

Derjsity at 25 °C g/cm3 <1 ASTIM D70
Neddle penetration at 25 °C dmma 25to 50 ASTNI D1321
Melting point °C >70 ASTM D127
Flagh point °C 2260 ASTM D92
Die|ectric strength V/um >4 ASTM D149
Cathodic disbondment at 25 °C, 28 days mm <19 Annex G

Outer wrap — Wax-laminated plastic film on

spun-bonded plastic mat

Plastic film thickness pm 15 to 25 ASTNI D1000
Wak melt point °C 71to099 ASTM D127
Avdrage thickness um 305 ASTM D1000
Die|ectric strength V/um =14 ASTM D149
Outerwrap — Wax-saturated spun-bonded plastic mat
Wak melt point °C 71to0 99 ASTM D127
Tothl thickness um 250 to 635 ASTN D1000
Die]ectric strength V/um =14 ASTM D149

a D¢cimillimetre{equal to 0,1 mm).

Table 23 — Data sheet and application instructions for hot-applied wax

Prgperty Unit
Storage conditions —
Application methods and conditions (ambient conditions) —
Minimum and maximum temperature of the steel during application °C
Maximum service temperature °C
Minimum thickness mm
Outer wrap composition and thickness —

© ISO 2016 - All rights reserved

47


https://standardsiso.com/api/?name=282c5a9f768d9ba4a70ba3a9a3e84052

ISO 21809-3:2016(E)

16 Elastomeric coatings

16.1 Coating identification

Elastomeric coatings using polychloroprene or EPDM (F]C Types 16A and 16B) shall be identified in the
APS as per Table 24 and shall meet the requirements of Table 25.

Elastomeric FJC shall be applied only with plant-applied coating of the same elastomer.

Data sheets for the coating materials shall be in accordance with Table 26 (polychloroprene) or

Table 27 [I1
Applicatio

16.2 Des¢

The coatin
agent. The
— polychl
EPDM

There are {

with t

!

with t

DI')M)

instructions shall be provided by the manufacturer in accordance with Table 28.

ription of the coatings

b consists of a thick elastomer applied to a steel surface treated with a pginter and a bong
elastomer may be:

oroprene (type 16A), a solid synthetic rubber;

Type 16B), a synthetic ethylene-propylene-diene rubber with a igher temperature resista

wo methods to apply the field joint elastomer coatings:

e use of a vulcanized split wraparound rubber sleeve;

e use of an unvulcanized rubber that is cured insitu.

16.3 Surface preparation

Surface pr
9.1.2.1 and

eparation shall be carried out by abrasive blasting in accordance with the provision

9.1.2.2 to a minimum cleanliness.of Sa 21/2. The surface profile attained shall be betw

50 um and

The plant-
overlap on
abrasive d

i\

Dust cont
16.4 App

16.4.1 Ge|

The coatin

100 um as measured in accordance'with the requirements of ISO 8503-5.

pplied coating shall be bevelled and roughened for the minimum length according to
the plant coating. The (plant-applied coating shall not be removed or contaminated

st
aLination shall be grade 2 or better measured in accordance with ISO 8502-3.
lication of the’coatings

neral

b shall be applied in accordance with the APS.

ling

[1ce.

5 of
een

the

Application of the primer, bonding agent, epoxy adhesive and elastomer shall take place when the
relative humidity is less than 85 % and when the steel temperature is 3 °C above dew point.

16.4.2 In situ vulcanization method

The primer, bonding agent and elastomer shall be applied immediately after blasting and before any
visible rusting or surface contamination occurs. The bonding agent shall also be applied over cured
rubber to enhance bonding.

The unvulcanized rubber shall be applied to obtain the same thickness as the original plant-applied
coating and make the F]C flush.
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Polyamide tape shall be tightly wound around the joint with a minimum of 50 % overlap and shall
terminate at a minimum of 150 mm over the plant coating.

A portable steam autoclave shall be used to cure the rubber. After curing is complete, the polyamide
tape shall be completely removed. Alternatively, electrical heating tapes may be used to wrap around
the surface, fully covering the field joint area.

16.4.3 Ambient-cure adhesive method

If required due to a short application window (e.g. offshore), a wraparound cured rubber sleeve may be
app nith the exi -:-. omer coating and se ed with an ambien ino enoxv adhesive.

The plant-applied coating should be bevelled at a 45° bevel with a tapering tail to ease.alignment of
the|overwrap sleeve. After the wraparound sleeve is applied to the bare steel, it shall’be s¢cured and
held firmly in place by filament tape. The tape shall be applied first around the middle of|the sleeve.
The sleeve shall be twisted a quarter turn to spread the adhesive uniformly and-be broughtback to its
original position.

A shrink sleeve may be used over the newly bonded FJC to provide mechanical protectipn when it
trayels over the stinger rollers on a lay-barge.

16.5 Testing of the applied coatings

16.5.1 General

The tests in 16.5.2 to 16.5.16 shall be carried out fer production quality control, and fdr PQT and
PPT if required.

16.5.2 Visual appearance

The cured elastomer shall be smooth and free of anomalies, e.g. blistering, delamination, pofosity.

16.5.3 Coating thickness

Thg minimum thickness of theleomplete F]C shall be equal to the thickness of the plant-appljed coating
unless otherwise agreed.

The thickness shall be aeasured using the method given in Annex B.

16.5.4 Holiday detection

The entire surface of the coated field joint shall be checked for holidays or other discontijuities at a
voltlage of 6:KV/mm at a maximum of 25 kV, according to the method defined in Annex C.

Holldays shall be repaired in accordance with the APS. The number of allowable repairs shal| be agreed
as definedin 6.2

16.5.5 Hardness

Hardness Shore A shall be measured at at least five locations, in accordance with ISO 7619-1, and shall
meet the requirements of Table 25.

16.5.6 Adhesion

The peel strength shall be measured using the methods given in Annex H and shall meet the
requirements of Table 25. The method given in H.1 should preferably be used for PQT. The method given
in H.2 can be used for PPT and production testing, as well as for PQT in agreement with the purchaser.

The presence of bare metal (adhesion failure between metal and primer) shall be considered as a failure.
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16.5.7 Hot-water immersion test

A hot-water immersion test shall be carried out in accordance with Annex I with a duration of 28 days,
the test temperature being the maximum service temperature of the joint coating, limited as specified
in Annex I. The adhesion to pipe surface and plant coating shall be measured in accordance with D.2

and shall meet the requirements of Table 25.

16.5.8 Cat

hodic disbondment

The cathodic disbondment shall be measured using the method given in Annex G.

The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 36. A test durafion
of 48 h instead of 28 days can be used for PPT provided that the test temperature is increased-to. 6p °C
and a comparison of results is performed during PQT.

The cathodic disbondment after 28 days at the maximum service temperature, (subjéet to an ugper
temperatufe limit of 95 °C) shall meet the requirements of Table 25.

16.5.9 Density

Density of the cured elastomer shall be measured in accordance with IS0:2781, method A. The value

shall be wi

thin +2 % of the manufacturer’s stated value.

16.5.10Rheometer curve — Oscillating disc

A rheomet
define the

— minim|
time, ¢
time, ¢

maxini

Once a std
approved b

16.5.11Te

The tensilg
ISO 37 and

16.5.12El¢

The elonga
ISO 37 and

br curve shall be established for uncured elastomer in‘accordance with ISO 3417 and use|
hcceptance limits of the following parameters:

um torque, expressed in decinewton-metres;

xpressed in minutes to a 1 dN-m rise abeye minimum torque;

xpressed in minutes to 90 % of the torque increase;

um torque at which the curve plateaus, expressed in decinewton-metres.

ndard curve with the aboye parameters has been established by the manufacturer
y the applicator, all subsequent curves shall fall within these limits.

hsile strength

strength of'the cured elastomer shall be measured using the method in accordance
shall meet'the requirements of Table 26 or 27.

d to

and

vith

shall meet the requlrements of Table 26 26 or 27

16.5.13 Tear strength

The tear strength of the cured elastomer shall be measured using the method in accordance with
ISO 34-1 and shall meet the requirements of Table 26 or 27.

16.5.14 Electrical volume resistivity

The electri
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cal volume resistivity shall be given by the manufacturer for information.
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The volume resistivity is affected by the composition of the elastomeric material. The use of carbon
black filler reduces this characteristic.

NOTE

mat

erial.

16.5.150zone resistance

The design of the cathodic protection system can be affected by the composition of the elastomeric

The ozone resistance shall be measured using the method in accordance with ISO 1431-1, procedure A,
with an ozone concentration of 0,5 ul/1 for 72 h at 40 °C. The elastomer shall show no cracks or other

det

rimental effects when held at a fixed 20 % strain.

16.

Thd
sub

Tes
Thd

Thd
det

Thd
Thd

b.16 Resistance to seawater

seawater resistance shall be measured using the method in accordance with ISO
Ktitute seawater, in accordance with ASTM D1141.

'ing shall be performed for 28 days at 85 °C.
volume change after this period shall be a maximum of 5 %.

maximum change in tensile strength shall not exceed 20 %cof that of an unexposed
brmined in accordance with 16.5.11.

change in Shore A hardness shall be in the range of 0 to *5.

test shall show no evidence of cracking or splitting,

Table 24 — Coating identification

Property

Date of issue

Name of manufacturer

Commercial name of the material

Basic type of coating-material

Application methods and conditions (ambient conditions)

Maximum,service temperature

Name af-and thickness of primer

Name'of and thickness of bonding agent

Nominal thickness of coating system

©IS
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Table 25 — Requirements for elastomer FJC

Property Test temper- Unit Requirements Test method
ature
Visual appearance of coating — — 16.5.2 Visual
Coating thickness — — Same as main pipe coating |ISO 2178
Holiday detection at 6 kV/mm at a .
maximum of 25 kVa o o No holiday Anpex
Hardness — Shore A 60to 70 ISO 7619-1
Adhesion (peelstrength] Z3°C N/mm Cohesive and >1Z Annex H
Adhesion to pipe surface and plant Annex I and
coating aftef 28-days hot-water immer-|23 °C N/mm Cohesive and >10
sion testat [imax limited as per Annex | AnnexH
23°C mm <7 Anmmex G

Cathodic disbondment at 28 days imi

y grgaoxchmlted ol m <10 Annex G
a  Holidaydetection test may not be relevant for low resistivity elastomeric coatings.

Table 26 — Data sheet for polychloropréne
Property Unit Requirements Test method
Hardness, §hore A — 60to 70 ISO 7619-1
Density g/cm3 Stated value £2 % 1SO 2781
Rheometer|curve — Standard curve ASTM D2084
Tensile strgngth N/mm?2 >14 ISO 37
Elongation pt break % >350 ISO 37
Tear strength N/mm >40 ISO 34-1
Ozone resigtance — No cracking or other detrimental effects ISO 1431-1

i 0,
Resistance ko seawater . Tens_lle strength +20 % of unexposed value, 1SO 1817
maximum volume change of 5 %
Table 27 — Data sheet for EPDM
Property Unit Requirements Test method
Hardness, Jhore A — 70 ISO 7619-1
Density g/cm3 Stated value +2 % ISO 2781
Rheometer|curve — Standard curve ASTM D2084
Tensile strgngth N/mm?2 >16 ISO 37
Elongation at break % >350 1SO 37
Tear strength N/mm >40 ISO 34-1
Ozone resistance — No cracking or other detrimental effects |ISO 1431-1
i 0,
Resistance to seawater . Tens-lle strength 20 % of unexposed value 1SO 1817
maximum volume change of 5 %
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Property Unit Primer Bonding agent |Elastomer
Ambient conditions — x x X
Minimum temperature °C x — x
Maximum temperature °C x — x
Relative humidity % x — x
Surface preparation — x — —
Metalsurface — X — —
Cleanliness (ISO 8501-1) — x — X~
Prdfile (ISO 8503-2, ISO 8503-4 or ISO 8503-5) |um x — —
Application of the materials — x x x
Surface pre-heat temperature range °C x — —
Miying ratio (if any) — x — —
Pot}life (if any) min x a —
Curfing temperature — x - —
Mirjimum overlap on plant coating mm — — x
Holfiday inspection voltage kV — — x

Repjair procedures

17|Fusion-bonded epoxy (FBE) powder coatings

171 Coating identification

The epoxy powder for a single-layer coating (FJC Type 17A) and for the base layer of a two-layer coating
(FJ¢€ Type 17B) shall meet the qualification requirements defined in ISO 21809-2.

Datp sheets and application instructions for the coating materials shall be in accordance with 140 21809-2.

17.2 Description of the'coatings

The coating consists ofZone (type 17A) or two (type 17B) layers of FBE powder applied to the pipe and

cured.

Maximum service temperature shall be established by agreement between end user and apglicator.

For|type 17B; application conditions, tests and acceptable results shall be established by |agreement
beteen ‘end user or purchaser and applicator.

17.3 Surface preparation

Surface preparation shall be carried out by abrasive blasting according to the provisions of 9.1.2.1 and
9.1.2.2 to a minimum cleanliness of Sa 21/2. The surface profile attained shall be between 50 um and

100 um as measured in accordance with ISO 8503-5.

The plant-applied coating shall be roughened for a minimum length of 50 mm each side of the joint. The

plant-applied coating shall not be removed.

Dust contamination shall be grade 2 or better measured in accordance with ISO 8502-3.

© ISO 2016 - All rights reserved
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17.4 Application of the coatings

17.4.1 General

Application of the coating shall be carried out in accordance with the APS.

17.4.2 Transport and storage of epoxy powder

Powder shall be transported and stored in a sealed container that prevents the ingress of water.

Temperat haH-be-controled-to+nee e—aRtfactarer-s—Freqtireme and-conformance-shall be
demonstrafted by temperature-indication tags or other logging devices. If necessary, refrigeratioh‘shall
be provided to maintain the required temperature.

17.4.3 Heating

The field jq
recommen
required h

The tempe
temperatu
to ensure t
the steel s

int area shall be uniformly pre-heated, using an induction-heating coil, to‘d temperatur
Hed by the powder manufacturer and in accordance with the APS. If a PQT is performed,
bat profile shall be verified.

Fature of the field joint shall be monitored using temperature-indicating crayons or anof
re-measuring device (e.g. hand-held, direct-reading thermoceuple or contact thermome
hat the application conditions are fully satisfied and that.the temperature is uniform aci
ibstrate and the plant-applied coating. The methods of‘monitoring and recording shal

specified i

The amount of crayon used shall be the minimum required-for accurate measurement. Any resi
shall be removed by wire brushing.

The heatin

result

damag
advers

NOTE f

CAUTION
pipe manv

If a delay

manufactufrer, the pipe shall be re-heated, and, if required, the abrasive blasting shall be repeate

meet speci

the APS.

b time and the temperature shall not

n oxidation of the surface of the steel détrimental to the quality of the FJC,

e the plant-applied coating, and

ely affect the mechanical properties of the pipe steel.

or conventional steel grades, a maximum temperature of 275 °C is generally accepted.

— For pipe gradeS-over X80, the maximum heating temperature shall be given by
facturer.

results in the€ surface cooling to below the temperature range specified by the pow

fication-requirements.

17.4.4 Application of epoxy powder

b as
the

her
ter)
‘0SS
I be

due

the

der
1 to

The FBE shall be applied immediately after the substrate has attained the correct temperature, as
specified in the APS.

The FBE overlap onto the plant-applied coating shall be a minimum of 25 mm.

The FBE powder shall be uniformly applied, by means of a semi-automatic powder ring or carriage that
is fitted to and rotates around the pipe to cover the blast-cleaned and pre-heated surface, to provide the
specified minimum dry film thickness (DFT). Alternative methods may be used with the approval of
the end user.

The coating shall be cured in accordance with the APS.

The cured, field-applied FBE shall not be over-coated with another layer of FBE.
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17.5 Testing of the applied coatings

17.5.1 General

The tests in 17.5.2 to 17.5.10 shall be carried out for production quality control, and for PQT and PPT if
required, after the FBE has cured and the joint has cooled down to ambient temperature. For production
testing, higher test temperatures may be agreed upon.

17.5.2 Visual appearance

TheFjCsirattbe smootiTand free of anomaties, €.8. bIfSTers and Sags.

17.5.3 Thickness
The thickness shall be measured using the method given in Annex B.

For|type 17A coatings, the thickness shall be 300 pm minimum unless otherwise agreed bgtween the
end{user and/or purchaser and the applicator.

Thg maximum thickness of the FJC and the thickness at the overlap.hetween the plant and field joint
coafing shall be agreed between the end user and/or purchaser andithe applicator.

NOTE The specified maximum total thickness of epoxy on the pipe body, weld bead and overlap |s especially
impprtant in case of bending or reeling/unreeling (e.g. offshoré,/reel barge laying procedure) to prevent any
risklof cracking.

Forftype 17B coatings, the minimum thickness shall bé&’equal to the plant-applied coating thickness.

17.5.4 Holiday detection

The entire surface of the coated field joint‘shall be checked for holidays or other discontipuities at a
voltfage of 5 kV/mm according to the method defined in Annex C.

Holjdays shall be repaired in accordance with the APS. The number of allowable repairs shal| be agreed
as defined in 6.2.

17.5.5 Adhesion

Thd adhesion of the FBE-to the steel surface shall be tested in accordance with the method described in
Angex Q. The maximumn rating shall be 2.

It shall be demonstrated that there is no visual appearance of delamination between the plant and field
applied coatings at the overlaps.

17.5.6<Degree of cure

Thedegree of ture of the epoxy powder siiatt be determined by differential thermat amatysisof a sample
of the epoxy layer taken from the FJC, according to the method defined in P.4.

The acceptance criterion shall be the value of AT given by the manufacturer.

17.5.7 Impactresistance

The impact resistance shall be measured using the method given in Annex D except that the diameter of
the hemispherical head is 15,8 mm. The result shall exceed 1,5 J.

17.5.8 Cathodic disbondment

The cathodic disbondment shall be measured using the method given in Annex G.
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The average radius of disbondment shall not exceed the following:

— 8 mm after a period of 28 days at a potential of -1,5 V and 23 °C £ 2 °C;
— 8 mm after a period of 24 h at a potential of -3,5 V and 65 °C + 2 °C;

— 18 mm after a period of 28 days at a potential of -1,5 V and 65 °C £ 2 °C.

Other testing regimes may be used when agreed between the end user and/or purchaser and the
applicator.

17.5.9 Hdt-water immersion test

A hot-water immersion test shall be carried out in accordance with Annex I with a duration of 28 dpys,
the test tefnperature being the maximum service temperature of the joint coating, limited as'Specified
in Annex I.[Acceptable results shall be a rating 3 or better when assessed using Annex Q:

17.5.10Fl¢gxibility

If required| by specific installation methods (e.g. offshore reel barge), flexibility-of the coating shalll be
verified usfng a method agreed between end user or purchaser and applicater/ The bending strain pnd
the test tethperature shall be in accordance with the installation conditions.

No visible ¢racks shall be present after testing.

18 Liquid-applied coatings

18.1 Coating identification

Liquid-applied coatings (FJC Types 18A, 18B, 18€, 18D and 18E) shall be identified in the AP} in
accordance¢ with Table 29 and shall meet the requirements of Table 30 or 31.

Maximum pervice temperature shall be established by agreement between end user and manufactyrer.
Data sheet} for the coating materials shall be in accordance with Table 32.

Application instructions shall be provided by the manufacturer in accordance with Table 33.
18.2 Des¢ription of the coatings

18.2.1 Liquid epoxy ~<18A

The coating consists+of an epoxy based resin applied by spray, roller, brush or trowel.

18.2.2 Li('uid polyurethane — 18B

The coating consists of a polyurethane based resin applied by spray, roller, brush or trowel.

18.2.3 Fibre reinforced epoxy — 18C

The coating consists of an epoxy resin applied by spray, roller, brush or trowel and reinforced by glass
flakes, glass fibres or glass mat.

18.2.4 Fibre reinforced vinyl ester — 18D

The coating consists of a vinyl ester resin applied by spray, roller, brush or trowel and reinforced by
glass flakes, glass fibres or glass mat.
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18.2.5 Cast polyurethane — 18E

The coating consists of a solid polyurethane resin applied by casting.

18.3 Surface preparation

Surface preparation shall be carried out by abrasive blasting according to the provisions of 9.1.2.1 and
9.1.2.2 to a minimum cleanliness of Sa 21/2. The surface profile attained shall be between 50 pm and
100 um as measured in accordance with the requirements of ISO 8503-5.

The p a e e e according to the
ove rlap on the plant coatmg [18 4.3). The plant—applled coatmg shall not be removed or ¢erjtaminated
by 4brasive dust.

Dugt contamination shall be grade 2 or better measured in accordance with ISO 8502-3.

If lijquid coatings are used in conjunction with a polyolefin plant-applied ceating, the plant-applied
coafing surface may be subject to additional treatments (e.g. flame treatment, chemical [treatment)
according to the FJC manufacturer’s instructions. Such treatments shall bé included in the APS and
quallified by a PQT.

18.4 Application of the coatings

18.4.1 General
Application of the coating shall be carried out in accordance with the APS.

Thg manufacturer’s instructions, including pot life; thinners, spray guns, tips, nozzles and painter
safgty, shall be followed.

When fibre reinforcement is used, it shall beprevented that fibres are in direct contact with|the steel.

18.4.2 Heating

If applicable, heating using an tinduction coil or any other agreed method shall be carried out in
accprdance with the APS.

The temperature of the field joint shall be monitored using temperature-indicating crayons|or another
tenfperature-measuring,device (e.g. hand-held, direct-reading thermocouple or contact thermometer)
to gnsure that the application conditions are fully satisfied and that the temperature is unifprm across
the|steel substrafe and the plant-applied coating. The methods of monitoring and recordihg shall be
spefified in the APS.

Thg amount.of crayon used shall be the minimum required for accurate measurement. Any residue
shall be rémoved by wire brushing.

Thb haatinatima and tha tamnaratiiea chall nat

TICTeIIT St e oo crre comp erotar OOt 11Ot

— result in oxidation of the surface of the steel detrimental to the quality of the F]C, and

— damage the plant-applied coating.

18.4.3 Liquid coatings application
Coating, including primer if required, shall be applied in accordance with the APS.

The wet-film thickness shall be checked using a wet-film thickness gauge. Insufficient film thickness,
bare areas and pinholes shall be corrected within the over-coating time and in accordance with the APS.

The overlap with the plant-applied coating shall be not less than 50 mm, unless otherwise specified.
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18.5 Testing of the applied coatings

18.5.1 General

The tests in 18.5.2 to 18.5.14 shall be carried out for production quality control, and for PQT and
PPT if required.

18.5.2 Th

ickness

d by

the

manufactufrer’s recommendation.

The dry-film thickness shall be measured using the method given in Annex B.

18.5.3 Hdgliday detection

The entire[surface of the coated field joint shall be checked for holidays or othen.discontinuities pt a
voltage of $ kV/mm at a maximum of 25 kV, according to the method defined in‘Annex C.

Holidays shall be repaired in accordance with the APS. The number of allowable repairs shall be agrleed
as defined jin 6.2.

18.5.4 Adhesion

The adhes
1SO 4624 (

Adhesion 9
hand drive
automatic

18.5.5 Impact resistance

The impac

Annex D anjd shall meet the requirements of Table 30.

NOTE ’

18.5.6 Hardness

Hardness
ISO 868. T
value obta

on to the steel surface and to the plant-applied ceating shall be tested in accordance ¥
bull-off test).

hall meet the requirements of Table 30 ori31. These figures are applicable when usi
n mechanical device. A proper correlationmwith the corresponding figures obtained wit
levice should be established and documented, preferentially during the PQT.

[ resistance shall be measured for types 184, 18B, 18C and 18D using the method give

'his test is not applicable)for type 18E.

bhore A or\Shore D shall be checked using a suitable hardness gauge in accordance V
he applicator shall include in the ITP the manufacturer’s data that specify the accept
ned.

18.5.7 Ca

1L o dial <l i
INIUUIC UISUUITUIIITIIt

The cathodic disbondment shall be measured using the method given in Annex G.

vith

ga
an

vith
hble

The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 30 or 31. A test
duration of 48 h instead of 28 days can be used for PPT, provided that the test temperature is increased
to 65 °C and a comparison of results is performed during PQT.

The cathodic disbondment after 28 days at maximum service temperature (subject to an upper
temperature limit of 95 °C) shall meet the requirements of Table 30 or 31.
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18.5.8 Hot-water immersion test

A hot water immersion test shall be carried out in accordance with Annex I with a duration of
28 days, the test temperature being the maximum service temperature of the joint coating, limited as
specified in Annex I.

The adhesion to the steel surface and to plant-applied coating shall be tested in accordance with

ISO

4624 (pull-off test) and shall meet the requirements of Table 30 or 31.

18.5.9 Flexibility

Ifr
be Y
tem

No

18.

The
in A

NOT

18.

Thd
the

NOTI

18.

For
med

18.

For
sha

18.

For
req

bquired by specific installation methods (e.g. offshore reel barge), flexibility of the g
Ferified using a method agreed between end user or purchaser. The bending strain.a
perature shall be in accordance with the installation conditions.

Visible cracks shall be present after testing.

b.10Indentation resistance

indentation resistance shall be measured for types 184, 18B, 18Caird 18D using the me
nnex E and shall meet the requirements of Table 30.

E This test is not applicable for type 18E.

b.11 Specific electrical insulation resistance

specific electrical insulation resistance shall befneasured for types 184, 18B, 18C and
method given in Annex F and shall meet the requirements of Table 30.

E This test is not applicable for type 18E.

5.12 Compressive strength

type 18E, the compressive strength shall be measured in accordance with ASTM D69
t the requirements of Table 31.

b.13 Electrical volume resistivity

type 18E, the electrical volume resistivity shall be measured in accordance with ASTM
I meet the requirements of Table 31.

b.14Water\absorption

type.I8E, the water absorption shall be measured in accordance with ISO 62 and sha
1iréments of Table 31.

ating shall
nd the test

thod given

18D using

b and shall

[ D257 and

I meet the

Table 29 — Coating identification

Property

Coating trade name

Basic type of coating material

Minimum thickness of the applied coating system

Compatible plant coatingsa

Maximum service temperature

a  State all types of plant coating that have been tested
successfully with the coating.
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Table 30 — Requirements for types 184, 18B, 18C and 18D liquid coatings

agreement d

Type 18A | Type 18B | Type 18C | Type 18D
Test . Rein- Test

Propert Unit iaui i em

perty temp. l:q(:lxld Liquid PU Re;nf:;ced forced | method

poxy poxy vinyl ester
Minimum thickness — pum by agreement Annex B
Continuous and uni-
Visual inspection . . form film free of sags . . .
p runs and colour stria-
tions (when applicable)
Holiday detg¢ction at 5 kV/mm :
at a maximfim of 25 kV o o no holiday Annexit
Impact resfstance (holiday| 23 °C |/mm 23 25 25 25 AnnexID
detection af 5 kV/mm) —5°C >1,5 >2,0 >1,5 >15 [
Indentatign resistance at| g, | oo ppr | <30 <30 <10 <10 Annex|E
10 N/mm?2 =
23°C
Cathodic disbondment at| mm <8 <10 <8 <8 AnnexlG
28 days limited <15 <20 <15 <15
to 95°C

Hardness ($hore A or D) 23°C — as per manufacturer specification ISO 848
Adhesion t¢ pipe surface 23°C MPa >10,0a >10;02 >7 >7 ISO 4624
Adhesion tp FBE, liquid ap-
plied epoxy{or PU plant coat-| 23 °C MPa 210,02 >10,0a 210,02 >10,0a ISO 4624
ings
Adhesion t¢ polyolefin plant| »30¢ | yp, 35 23,5 22,0 22,0 | ISO46p4
coatings ’ ’ ’ ’
Adhesion to|pipe surface after Annex]
28-day hot-water immersion 23°C MPa 570 570 570 570 plus
test at Tpdx limited as per -V -V - - 1SO 4604
Annex| i
Adhesion toplant coating after Anned
28-day hot-water immersion 23T MPa 520 520 520 520 plus
test at Tdx limited as per - - - - 1SO 4604
Annex | i
Spepific eleftrical insulation 23 9C Q-m?2 5106 5106 5106 5106 AnnexlF
resistance {Rs100) =
Rs100/Rs70 — — >0,80b 20,80b >0,80b >0,80b —
a  Figures|applicable for PQT and PPT. For production testing, results of 70 % of these figures may be accepted by

u€.to a possible lack of curing of the glue during the allowable duration of testing, provided that the faijure

occurs withi

n the glue.

b [t is necessary that this requirement (Rs100/Rs70 = 0,8) be fulfilled only if the specific electrical insulation resistance
after 70 days is less than 10 times the requirement of the specific electrical insulation resistance after 100 days.
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Table 31 — Requirements for solid cast polyurethane — 18E

Property tzzf;. Unit Solid ca:;y gjl;Erethane Testmethod
Minimum thickness — — By agreement Annex B
Efcgiéia/]detection at 5 kV/mm at a maximum . . No holiday Annex C
Compressive strength 23°C MPa 230 ASTM D695
Cathodic disbondment at 28 days 23°C mm <10 Annex G
lmax
limited to — <20 —
95°C
Haildness (Shore A or D) 23°C — As pseprerzlizzincl;i?g;urer ISO 868
AdResion to pipe surface 23°C MPa 210 [SO 4624
Adllesion to plant coating 23°C MPa 23,5 [SO 4624
AdHesion to pipe surface after 28-day hot-water o Ahnex I plus
imrphersion test at Tppax limited as per Annex I 23°C MPa 27 [SO 4624
Ad} esiop to plant coating _aft_er 28-day hot-water 23°C MPa 520 Annex I plus
imrphersion test at Tpyax limited as per Annex | ’ [SO 4624
Elegtrical volume resistivity 23°C Q-cmm >1012 ASTM D257
Water absorption at 7 days 23°C mass % <0,1 ISO 62
Table 32 =- Data sheet

Property Unit Test method

Trade name — —

Description of coating material — —

Solid content % —

Density g/cm3 [SO 2811-1

Mix ratio — —

Colour — —

Minimuin thickness mm ISO 4591 and ISO 4593

Maximum application temperature °C —

Minimum application temperature °C —

Maximum service temperature °C —

Minimum design temperature °C —

Maximunrstoragetemperature € —

Minimum storage temperature °C —

Shelf life at storage temperature month —
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Table 33 — Application instructions

Property Unit

Ambient conditions (dew point) —

Surface preparation of steel surface —
Cleanliness (ISO 8501-1) —
Profile (ISO 8503-2) —

Surface preparation of plant coating —

Pre-heat temperature range e
T =

Application of liquid coatings —

Mixing ratio —

Pot life —

Cure temperature profile (temp. vs. time) —

Overlap on plant coating (minimum) —

Repair procedures —

19 Hot-dpplied polyolefin-based coatings

19.1 Coating identification

Coatings npade from polypropylene (PP) or polyethylene (PE) and with an innermost layer of epoxy
resin (F]JC Types 194, 19B, 19C, 19D and 19E) shall be identified in the APS in accordance with Tabl¢ 34
and shall njeet the requirements of Table 35 or 36.

Data sheetp for the coating materials shall be in accordance with Table 37 (epoxy material), Tabl¢ 38
(modified PP or PE powder) and Table 39 (PP or PE‘top coat material).

Application instructions shall be provided by:the manufacturer in accordance with Table 40.
19.2 Des¢ription of the coatings

19.2.1 Flgme-sprayed polypropylene — Type 19A
The coatinf consists of the following:

— an epoky resin layér,applied in the form of powder by flocking or by electrostatic spray, or applied
in liqu}d form by-spraying or by manual application;

— alayer|of chemically modified PP powder applied by spraying or flocking;

— atop layer of chemically modified PP powder applied by flame spraying.

Two-layer coatings (with chemically modified PP incorporated in the PP powder) can be used with the
agreement of all parties provided that the requirements of Table 35 are met.

Flocking operation can be done with the same equipment as used for flame spraying.

Maximum service temperature is 110 °C or as agreed between the applicator and the end user.

19.2.2 Hot-applied polypropylene tapes/sheets — Type 19B
The coating consists of the following three layers:

— an epoxy resin layer, applied in the form of powder by flocking or by electrostatic spray, or applied
in liquid form by spraying or by manual application;
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— alayer of chemically modified PP applied by spraying, extruding or wrapping;
— atop layer of hot-applied PP tape or sheet wrapped in a spiral or wraparound method.

Two-layer coatings (with chemically modified PP incorporated in the PP tape or sheet) can be used with
the agreement of all parties provided that the requirements of Table 35 are met.

Maximum service temperature is 110 °C or as agreed between the applicator and the end user.

19.2.3 Injection-moulded polypropylene — Type 19C

Thecoating consists of the following three layers:

— |an epoxy resin layer, applied in the form of powder by flocking or by electrostatic Spray| or applied
in liquid form by spraying or by manual application;

— |alayer of chemically modified PP powder applied by spraying or flocking;
— |a top layer of PP applied by injection into a mould.

Maximum service temperature is 110 °C or as agreed between the applicator and the end usgr.

19.2.4 Flame-sprayed polyethylene — Type 19D
The coating consists of the following:

— |an epoxy resin layer, applied in the form of powder%yflocking or by electrostatic spray| or applied
in liquid form by spraying or by manual application;

— |alayer of chemically modified PE powder applied by spraying or flocking;
— |atop layer of chemically modified PE powder, applied by flame spraying.
Flo¢king operation can be done with the\same equipment as used for flame spraying.

Twq-layer coatings (with chemicallyrhodified PE incorporated in the PE powder) can be us¢d with the
agreement of all parties provided that the requirements of Table 36 are met.

Maximum service temperature’is 70 °C or as agreed between the applicator and the end user.

19.2.5 Hot-applied polyethylene tapes/sheets — Type 19E
The coating consists of the following three layers:

— |an epoxyxésin layer, applied in the form of powder by flocking or by electrostatic spray| or applied
in liquid:-form by spraying or by manual application;

— |adayer of chemically modified PE applied by spraying, extruding or wrapping;

— atop layer of hot-applied PE tape or sheet wrapped in a spiral or wraparound method.

Two-layer coatings (with chemically modified PE incorporated in the PE tape or sheet) can be used with
the agreement of all parties provided that the requirements of Table 36 are met.

Maximum service temperature is 80 °C or as agreed between the applicator and the end user.

19.2.6 Thickness of the epoxy primer

The minimum thickness of the primer shall be specified in order to fulfil the requirements of Tables 35
and 36. The recommended minimum thickness is 200 pm measured in accordance with Annex B.
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19.3 Surface preparation

Surface preparation shall be carried out by abrasive blasting according to the provisions of 9.1.2.1 and
9.1.2.2 to a minimum cleanliness of Sa 21/2. The surface profile attained shall be between 50 pm and
100 pm as measured in accordance with the requirements of ISO 8503-5.

The plant-applied coating shall be bevelled and roughened for the minimum length according to the
overlap on the plant coating (19.4.4). The plant-applied coating shall not be removed or contaminated
by abrasive dust.

Dust contamination shall be grade 2 or better measured in accordance with ISO 8502-3.

19.4 Application of the coating

19.4.1 General

Application of the coating shall be carried out in accordance with the APS.
Precautions for transportation and storage of epoxy powder in accordance with17.4.2 apply.
19.4.2 Heating

The field jq
recommen

The tempe
temperatu
to ensure
the steel s

int area shall be uniformly pre-heated, using an induction-heating coil, to a temperatur
ded by the powder manufacturer and in accordance with¢he APS.

Fature of the field joint shall be monitored using temperature-indicating crayons or anof
Fe measuring device (e.g. hand-held, direct-reading’thermocouple or contact thermome

that the application conditions are fully satisfied and the temperature is uniform acy

ibstrate and the plant-applied coating. Thesimethods of monitoring and recording shal

specified i

the APS.

£ as

her
ter)
0SS
I be

The amount of crayon used shall be the minimum required for accurate measurement. Any residue
shall be removed by wire brushing.

The heatinfg time and the temperature shall not

— result |n oxidation of the surface.of the steel detrimental to the quality of the FJC,

— damage the plant-applied coating, and

— advergely affect the méchanical properties of the pipe steel.

NOTE For conventienal steel grades, a maximum temperature of 275 °C is generally accepted.

CAUTION {— For-pipe grades over X80, the maximum heating temperature shall be given by|the
pipe manyfacturer.

If a delay lresults in a surface cooling to below the temperature range specified by the powder

manufacturer, the pipe shall be re- heated and, if required, the abrasive blastlng shall be repeated to
meet specification requirements.

19.4.3 Application of the epoxy layer

The epoxy layer shall be applied on the steel surface manually or automatically by spraying of the liquid
or the powder, in accordance with the APS.

The overlap with the plant-applied coating shall be as specified in the APS.
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19.4.4 Application of the chemically modified PP or PE

Ifapplied as a powder directly after or together with the epoxy in one continuous process, the chemically
modified PP or PE shall not overlap the plant-applied coating.

In all other cases, the overlap on the plant-applied coating, excluding bevels, shall not be less than
10 mm unless otherwise specified.

The chemically modified PP or PE shall be applied within the epoxy gel time.

19.4.5 Application of the polyolefin top coat

19.4.5.1 General

The plant-applied coating in the overlap area shall be heated to the temperature spécified|in the APS
and shall be monitored during coating application.

The overlap on the plant-applied coating, excluding bevels, shall not he less than 50 mm, unless
otherwise specified.

19.4.5.2 Types 19A and 19D

Thg chemically modified PP or PE powder shall be applied/by flame spray to obtain the specified
coafing thickness.

The applicator shall control the application parameters.to ensure that the oxidation requifements in
19.3.11 are met.

19.4.5.3 Types 19B and 19E

The PP or PE shall be applied by wrapping.dpre-heated tape or sheet in a spiral or wraparound method
by means of an automatic or semi-automatic machine to obtain the specified coating thickness.

A heating system shall be used to ensure adhesion on the plant-applied coating and betwe¢n the tape
oveflapping. The overlap between successive layers shall be specified in the APS.

The tape shall be wrapped with sufficient tension to avoid any wrinkling or air entrapment.

The tape may also be heatéd during application.

19.4.5.4 Type 19C

Thd top coatshall be applied by injection of molten PP to obtain the specified coating thickness.

A heatingssystem shall be used to ensure adhesion on the plant-applied coating. Surface conflitions and
plalllt-applied coating surface temperature shall be in accordance with the APS.

Tolerances on circumference/ovality at pipe ends shall be in accordance with the applicable linepipe
specification.

19.5 Testing of the applied coatings

19.5.1 General

The tests in 19.5.2 to 19.5.12 shall be carried out for production quality control, and for PQT and
PPT if required.
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19.5.2 Thickness

The minimum thickness of the epoxy layer shall be defined by agreement between the end user or
purchaser and the applicator.

The minimum thickness of the complete F]JC on the body of the pipe shall be equal to the thickness of
the plant-applied coating unless otherwise agreed. The same minimum thickness shall also apply to
areas with seam welds. .

A maximum thickness should be specified to ensure safe passage of the coated field joints through
tensioner equipment onboard the pipelay vessel.

The thicknless shall be measured using the method given in Annex B.

19.5.3 Hgliday detection

The entire[surface of the coated field joint shall be checked for holidays or other discontinuities pt a
voltage of 10 kV/mm at a maximum of 25 kV, according to the method defined in Anhex C.

Holidays shall be repaired in accordance with the APS. The number of allowablé repairs shall be agreed
as defined jn 6.2.

19.5.4 Pepl strength

The peel sfrength shall be measured using methods given in Annex'H and shall meet the requiremgnts
of Table 35|or Table 36. The method given in H.1 should preferably-be used for PQT. The method given in
H.2 can beused for PPT and production testing, as well as fordPQT in agreement with purchaser.

If the thickness of the field joint coating is greater than 3 m, the thickness may be reduced before testling.

Disbondmént between epoxy and steel shall be considered a failure of the test whatever the measyred
value of pefl strength.

19.5.5 Adhesion to plant coating

Adhesion ¢f the FJC to the plant coating shall be checked using a method agreed between end yiser
and/or purlchaser and applicator. It hay be carried out during a peeling test on the overlap.

Delamination between coatings shall be considered a failure of the test.

19.5.6 Hdt-water immersion test

A hot-wat¢r immersion test shall be carried out in accordance with Annex I with a duratiop of
28 days, thle test temperature being the maximum service temperature of the joint coating, limitefl as
specified ih Annex [.

The adhesipn’fo pipe surface and plant coating shall be measured in accordance with Annex H and shall
meet the requirements of Table 35 or 36.

19.5.7 Degree of cure

The degree of cure of the epoxy powder shall be determined by differential thermal analysis of a sample
of epoxy layer taken from the F]C, according to the method defined in P.4.

The acceptance criterion shall be the value of ATy given by the manufacturer.

19.5.8 Cathodic disbondment

The cathodic disbondment shall be measured using the method given in Annex G.
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The cathodic disbondment after 28 days at 23 °C shall meet the requirements of Table 35 or 36.
A test duration of 48 h instead of 28 days can be used for PPT if the test temperature is increased to
65 °C and provided that comparison of results is performed during PQT.

The cathodic disbondment after 28 days at the maximum service temperature (subject to an upper
temperature limit of 95 °C) shall meet the requirements of Table 35 or 36.

19.5.9 Impactresistance

The impact resistance shall be measured using the method given in Annex D and shall meet the
requirements of Tahle 35 or 36

19.5.10Indentation resistance

The indentation resistance shall be measured using the method given in Annex E-and shall meet the
reqpirements of Table 35 or 36.

19.5.110xidation induction time

The oxidation induction time shall be measured in accordance with.JJSO 11357-6 at a temperature of
220 °C. The minimum acceptable value of the intercept in the tangent method shall be 15 mip.

19.5.12Flexibility

If required by specific installation methods (e.g. offshore reel barge), flexibility of the cdating shall
be yerified using a method agreed between end user,or purchaser. The bending strain ahd the test
tenfperature shall be in accordance with the installation conditions.

No visible cracks shall be present after testing:

Table 34— Coating identification

Property

Basic type of coating material

Minimum thickness of coating system

Compatible plant coatings

TFable 35 — Requirements for types 194, 19B and 19C — PP

Prgperty Test Unit Requirements |Test method
temperature
Tothl coating thickness — mm By agreement Anpex B
Epdxylayer thickness — mm By agreement Anhex B
Holiday detection at 10 kV/mm, max. 25 kV — — No holiday Annex C
23°C N/mm >15 Annex H
Peel strength
Tmax N/mm >4 Annex H

Adhesion to pipe surface and plant coating after

28-day hot-water immersion test at Tiyax limited|23 °C P2g/Po >0,75 Annex 1 plus

as per Annex [ Annex H
Degree of cure — °C gl;gniif:i?uggrthe Annex P

23°C mm <7 Annex G
Cathodic disbondment at 28 days ,Z;r)ng’élicmited . s A
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Table 35 (continued)

Property Test Unit Requirements |Test method
temperature
7 x a x b for 19A
Impact resistancea 23°C J/mm 10 x ar x Bb for 19B|Annex D
and 19C
Indentation resistance at a pressure of 10 N/mm?2 | Tpax © mm <0,9 Annex E
Flexibility d — d d
Oxidation ifiduction time at ZZ0 °C (interceptin the| _ min >15 1SO 11357-6
tangent method)e
aThe maxillnum impact energy used for testing shall be 21 ] for type 19A and 25 | for types 19B and 19C-
b @ = 0,7 fo1| coating thickness less than or equal to 2 mm;
a 91 for coating thickness greater than 2 mm;
B =(0,7 for pipe with nominal diameter less than 65 mm;
B =[0,85 for pipe with nominal diameter from 65 mm to less than 200 mm;
B ={1,0 for pipe with nominal diameter from 200 mm.
¢ For types[19A and 19B the test is carried out at 90 °C
d By agreerment, if applicable.
e May be omitted for types 19B and 19C if agreed between end user or purchaser and applicator.
Thble 36 — Requirements for types 19D (flame-sprayed PE) and 19E (PE tapes)
Property Test tewrper- Unit Value Test methd
ature
Total coatifg thickness — mm By agreement |Annex B
Epoxy layer thickness — mm By agreement |Annex B
Holiday detlection at 10 kV/mm, max. 25 kV — — No holiday Annex C
23°C N/mm >15 Annex H
Peel strength
Tmax N/mm >4,0 Annex H
Adhesion tp pipe surface and plant coating after Annex 1 dlus
28-day hotrwater immersion-test at Tyax limited|23 °C — >10 N/mm ADNex L H
Annex H
as per Anngx [
. o ATg given by the
Degree of chire C manufacturer Annex P
23°C mm <7 Annex G
Cathodic disborndment at 28 days
Tmax mm <10 Annex G
Impact resistance® Z3°C J/mm SXaxp Annex D
Indentation resistance at a pressure of 10 N/mm?2 |Tmax mm <1,0 Annex E
Flexibility b — b b
Oxidation induction time at 220 °C (intercept in the min > 15 1SO 11357-6

tangent method)c
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Table 36 (continued)
Property :'telj;;emper- Unit Value Test method
aq=0,7 for coating thickness less than or equal to 2 mm;
a =1 for coating thickness greater than 2 mm;
B =0,7 for pipe with nominal diameter less than 65 mm;
S = 0,85 for pipe with nominal diameter from 65 mm to less than 200 mm;
B = 1,0 for pipe with nominal diameter from 200 mm.
b By agreement, if applicable.
¢ May be omitted for types 19E if agreed between end user or purchaser and applicator.
Table 37 — Data sheet — Epoxy material
Property Unit Test method
Trade name — —
Generic type (powder or liquid) — —
Solid content % —
Density g/cm3 1SO 2811-1
Mix ratio (if any) — —
Storage conditions max °C —
Shelf life at storage temperature month —
Table 38 — Data sheet— Modified PP or PE powder
Property Unit Test method
Trade name — —
Description of the powder — —
Colour — —
Type — —
Storage conditions — —
Shelf life month —
Table 39 — Data sheet — PP or PE top coat material
Property Unit Test method
Trade name — —
Description ol the top coat material — —
Colour — —
Storage conditions — —
Shelf life month —
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Table 40 — Application instructions

Property Unit Epoxy PE or PP
Ambient conditions — x x
Minimum temperature °C x x
Maximum temperature °C X x
Relative humidity % x x
Surface preparation — x —
Metal surface — X —
Cleanlinesg (ISO 8501-1) — x —
Profile (I1SQ 8503-2, 1SO 8503-4 or ISO 8503-5) pum x —
Applicatior] of the epoxy primer — x —
Method of dpplication — x x
Surface pre-heat temperature range °C x —
Mixing ratip (if any) — x —
Pot life (if any) min X —
Curing temperature — x —
Application of the modified PP or PE powder — — x
Method of pre-heat of PE or PP materials — — x
Application of the PP or PE materials — — x
Minimum ogverlap on plant coating mm — x
Holiday inspection voltage kv — x
Repair progedures — x x

20 Ther

20.1 Coat
TSA field ja

Data sheet

The chemi
requireme
wire shall

mal spray aluminium (TSA) coatings

ing identification

5 for the coatingymaterials shall be in accordance with Table 42.

cal composition for 1100 or 1350 aluminium wire for thermal spray shall conform to
hts of AWS C2.25/C2.25M. Mill certificates showing the chemical composition of each lc
be provided by the manufacturer.

int coatings (FJC Type-20J shall be applied only in conjunction with TSA plant-applied coaf
and shall mpeet the requirements-of Table 41.

20.2 Descriptionofthecoating

The coating consists of the following:

— thermal spray coating of aluminium;

— atopc

oat of a liquid sealer that penetrates into the interconnected pores of the TSA.

NOTE The sealer is intended to fill the porosity of the TSA and not to build film thickness.

20.3 Qualification

—e

ng

the
t of

The APS and the coating personnel shall be qualified by a PQT and PPT in accordance with 7.3, 7.4 and 7.5.
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20.4 Surface preparation

Surface preparation shall be carried out by abrasive blasting according to the provisions of 9.1.2.1
and 9.1.2.2 to a minimum cleanliness of Sa 3. The surface profile attained shall be between 60 pm and
125 pm as measured in accordance with the requirements of ISO 8503-5.

Surface preparation shall continue onto the plant-applied coating to ensure adhesion. Feathering shall
be used to provide for a smooth transition between coatings, as required. The edges of the plant-applied
coating shall be angle-blasted to provide a 50 mm to 75 mm feathered overlap.

Dust contamination shall be grade 2 or better measured in accordance with ISO 8502-3.

Thd level of soluble salts, measured in accordance with ISO 8502-6 and ISO 8502-9,'sHall be less
thah 20 mg/m?2.,

20.5 Application of the coating

20.p.1 General

Thermal spray coatings and sealers shall be applied when the surface temperature is at least 3 °C above
the|dew point.

If pre-heating is used to eliminate surface moisture, maximum sutface temperature shall not ejceed 65 °C.

20.5.2 Aluminium

Thedrmal spray equipment shall be set up, calibrated“and operated according to the manufacturer’s
insfructions and the APS.

The area being coated shall be heated to approximately 40 °C to 65 °C.

The specified coating thickness shall be ‘applied in several crossing passes. Spray paratheters and
thidkness of each crossing pass shall be(set for spraying the specified thermal spray material.

For|manual spraying, right-angle crossing passes shall be used to minimize thin spots in the|coating.

For|semi-automatic spraying with clamp-shell-type equipment, overlapping shall be programmed to
elinpinate thin spots and stay/within the coating thickness specification.

20.b.3 Sealer

Hardling, mixingj-storage and application of sealer materials and solvents shall be in accorflance with
themanufactuyer’s recommendations and the APS.

The sealernmay be thinned with thinners and sprayed in two or three coats. Sealer materials and
thinnet's shall be made and supplied by the same manufacturer.

Spray equipment used to apply liquid sealers shall be equipped with dual air pressure regulation
controls and pressure gauges for independent control of pot and gun pressures. Spray gun tips shall be in
accordance with the manufacturer’s recommendations for application of thin and low-viscosity sealers.

20.6 Testing of the applied coating

20.6.1 General

The testsin 20.6.2 to 20.6.7 shall be carried out for PQT, PPT and production quality control. Companion
coupons necessary for performing tests described in 20.6.3 and 20.6.5 shall be prepared during
application according to the APS.
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20.6.2 Visual inspection

The deposited TSA shall be examined with 10x or higher magnification and shall be uniform, without

blisters, cr

acks, loose particles or exposed steel.

20.6.3 TSA porosity

The porosity shall be measured on companion coupons by metallographic examination and shall not
exceed 10 % by volume unless otherwise specified.

20.6.4 Co

The coatin
and shall

Thickness

taken in a line at 25 mm intervals shall be determined.

If the TSA
additional
500 um, th|

20.6.5 Be

Three stee
conducted
mandrel in

There shal

20.6.6 Pulll-off adhesion test

Pull-off ad]
for labarot

20.6.7 Sealer penetration

thickness shall be measured in accordance with ISO 2178 before the application(of se
eet the requirements of Table 41.

measurements shall be conducted along a straight line. The average value-obfive read

[TSA. If the TSA thickness is greater than the specified maximunCwvalue without exceeq
e purchaser may accept the coating subject to an acceptable adhesion test.

nd test

companion coupons shall be used to monitor the adhesion of the TSA. The bend test sha
using a 180° bend of a 3 mm thick and 50 mm wide steel coupon on a 25 mm diameter s
accordance with SSPC CS 23.00.

be no lifting from the substrate when a knife-blade is used.

nesion strength to substrate shallbe'measured on unsealed TSA in accordance with ISO 4
bry testing and ASTM D4541 for'field testing, and shall meet the requirements of Table 4

hler

ngs

thickness is less than the specified minimum requirement, the~applicator shall apply

ling

1 be
teel

624

Sealer shall be inspected at 30x)power magnification and shall exhibit no voids or missed areaf in
coverage.
Table 41 — Requirements for TSA coatings
Property Testmethod Requirements
TSA finish Visual inspection Uniform, no bare spots, no blister
Porosity Mstallographic-oxamination Maximum 10 % or by agreement between the purchdser
and the applicator

Thickness ISO 2178 200 um to 375 um
?ie;ar:er penetra- Metallographic examination Penetrate through interconnected pores

SSPC CS 23.00, except:
Bend test 25 mm diameter mandrel and|No peeling off

3 mm thick coupon

Pull-off lab method (ISO 4624) >14 MPa
Adhesion

Pull-off field method (ASTM D4541) |27 MPa
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Property Unit Test method
Name of wire manufacturer — —

Wire size mm —

Chemical composition of wire — —

Minimum thickness mm [SO 2178

Name of sealer manufacturer

Sealer prndnrt name.
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Annex A
(normative)

Test programmes for procedure qualification trials (PQT), pre-

A1l Genleral

This Anney
Alternativd

Requirems

A.2 Insy

The inspec
in Table A
frequencie

Some of the requirements for production testing may not(e achievable on site, e.g. offshore.

production trials (PPT) or production testing

test regimes and frequencies can be used by agreement.

nts for PQT and PPT shall be defined in the purchase order.

)ections, tests and frequencies

tions that shall be carried out during PQT, PPT and preduction testing are summar
1 (depending on the FJC). The list of verifications and test methods together with t
5 are given in Table A.1.

gives the testing frequencies for PQT, PPT and production testing, as defined in 73, 74 and| 7.6

zed
heir

The

productior] test programme may therefore be adapted to suit the site conditions based on comparafive
testing duifing PQT or PPT.
Any test r¢quired that is not mentioned in Table A.1 shall be documented by the manufacturers. This
covers long-term tests related to the material jtself, such as specific electrical insulation resistahce,
thermal ageing, or thermal stability.
A shift is defined as the time period when-a crew of workers is at work.
A.3 Retest
If one of the tests fails, the testshall be repeated. No further failure is allowed.
Table A.1=“Frequency of testing and inspection for specific FJC types

Reference Method of Frequency
Property FJC types .

subclause2 testing PQT PPT Productilon
Surface condition of
the area to be coated ATl 9.1.2.T Visual 3joints 3joints Eachjoint
before preparation
Visual inspection of 91.2.2 or . L. -
the cleaned surface All 9123 ISO 8501-1 3 joints 3 joints Each joint
Roughness of the abra- 3 times
sive blast cleaned sur- All 9.1.2.2 ISO 8503-1 3 joints 3 joints i
face per shift
a  Notrestricted to the specified subclause.

b

C

Testing of the soluble salt level during production may be reduced or omitted, by agreement between applicator and end
user or purchaser, if a PPT has demonstrated that the application procedure ensures a salt level below these requirements.

ISO 4624 may be used.
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perature

Reference Method of Frequency
Property FJC types a .
subclause testing PQT PPT Production

Level of soluble salts| 14B, 14C, .
on the abrasive blast| 14D, 16,17, | 9.1.2.2 15?5%555262_%“‘1 3 joints 3 joints irtlsr}?ffib
cleaned surface 18, 19 and 20 p
Dust contamination All 9.1.2.1 1SO 8502-3 3 joints 3 joints 3 times

B per shift
Examinationofthe ad-
jacdnt dulled plant-ap- | All except 20 9.1.3 Visual 3 joints 3 joints Lach joint
plidd coating
Terhperature of the . o X ..
surkace to be coated All 9.2 — 3 joints 3 joints ach joint
Application criteria All — — 3 joints 3)joints Cqntinuously
Degree of cure of 14B, 14C,
o o;( 14D, — Annex P 3 joints 3 joints —

poxy 17A,17B, 19

Oxidation induction
tim (interceptin the 19 19.5.11 ISO 11357-6 3joints 3 joints Bylagreement
tangent method)
Vispal Inspection of All 9.3 — 3 joints 3 joints Lach joint
the[coating
Inspection of thickness All — Anfiex B 3 joints 3 joints Bylagreement
Holjday detection test| All except 20 — Ahnex C 3 joints 3 joints ach joint
Impactresistance test| All except 20 — Annex D 3 joints 3 joints —
E;antatlon resistance ) except 20 — Annex E 3 joints — —
Shdre hardness 18 185.6 ISO 868 3 joints 3 joints —
Pee] strength between
lay¢rs atambient tem- 12 12.5.7 Annex L 3 joints 3 joints —
perpture
Pee] strength between Bv agree-
layprs at maximum 12 12.5.7 Annex L 3 joints ymgnt —
seryice temperature
53: !ascter zggtp};;riigﬁ 10,12, LS8, Once
. : 14A, 14B, 14C, 12.5.8 Annex H 3 joints 3 joints :
inglat ambiént tem- 14D 14.5.4 per shift
perpture
Peel stfength on steel
surfaceand plant coat- 121' }fA; },:LB’ }%‘E? Annex H 3 joints — —
ing at Tmax 1I'TG, 1I'TH LT.J. T
Peel strength on steel
surface and plant coat- 11A 11B 115.8 . 3 oints 3 oints Once
ing at ambient tem- ’ T J J per shift
perature
Adhesion to steel sur- Once
face at ambient tem- 17 17.5.5 Annex Q 3 joints 3 joints per shift

a

b

C

Not restricted to the specified subclause.

Testing of the soluble saltlevel during production may be reduced or omitted, by agreement between applicator and end
user or purchaser, if a PPT has demonstrated that the application procedure ensures a salt level below these requirements.

ISO 4624 may be used.
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Table A.1 (continued)

Property

FJC types

Reference
subclausea

Method of
testing

Frequency

PQT

PPT

Production

Adhesion to steel sur-
face and plant coating
at ambient tempera-
ture

18A, 18B,
18C, 18D

ISO 4624

3 joints

3 joints

Once
per shift

Adhesion to steel sur-
face and plant coating

18E

1854

1SQ 4624

at ambient[tempera-
ture

3 }'ninfc

Adhesion tofplant coat-
ing at ambjient tem-
perature

17

3 jointsc

3 jointsc¢

Once
per shifft

Peel strength on steel
surface at] ambient
temperaturg and Tiyax

19

—_
\O
®at
o~

=
\O
2
(o2}

Annex H

3 joints

3 joints

Peel strength on plant
coating atl ambient
temperaturg and Tinax

= =
O O
N

3 joints

3 joints

Adhesion tq steel sur-
face at ambient tem-
perature

20

ISO 4624

3 joints

Adhesion tq steel sur-
face at ambient tem-
perature

20

ASTM D45%1

3 joints

Once
per shifit

Adhesion tq steel sur-
face and plant coating
at 50 °C

15

3 joints

3 joints

Peel strength on steel
surface andplant coat-
ing at ambjient tem-
perature

16

16,56

Annex H

3 joints

3 joints

Once
per shifft

Hot-water immersion
test

All except 15
and 20

Annex |

By agree-
ment

By agree-
ment

Peel strength on pipe
surface andplant coat-
ing atambient temper-
ature after jhot-watep
immersion

10,42y 14A,
14B, 14C,
14D

—_
=]
U1
\O

= =
A
i

o o

Annex H

3 joints

By agree-
ment

Peel strength ot pipe
surface and [plant coat-

ing at ambiemttemper=
ature after hot-water
immersion

[N
[N
gt
N

a- -
O JUIIILS

a- -
o JUIIILS

Adhesion on steel
surface at ambient
temperature after
hot-water immersion

17

17.5.9

Annex Q

3 joints

By agree-
ment

a  Notrestricted to the specified subclause.

b Testing of the soluble saltlevel during production may be reduced or omitted, by agreement between applicator and end
user or purchaser, if a PPT has demonstrated that the application procedure ensures a salt level below these requirements.

¢ ISO 4624 may be used.
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Table A.1 (continued)

1SO 21809-3:2016(E)

and maximum service
temperatures

Reference Method of Frequency
Property FJC types a .
subclause testing PQT PPT Production

Adhesion on steel sur-

face and plant coating By aoree-

at ambient tempera- 18 18.5.8 ISO 4624 3 joints yag —
ment

ture after hot-water

immersion

Adhesion on steel sur-

facd and plant coating Bv acree-

at dmbient tempera- 19 19.5.6 Annex H 3 joints yas —
ment

turf after hot-water

imrpersion

Adljesion on steel sur-

fac¢ and plant coating BV acree-

at dmbient tempera- 16 16.5.7 Annex H 3 joints yas —
ment

turp after hot-water

imrpersion

10, 12, 14A, 10.5.10,

Lapj shear strengthat| 45 14¢,” | 1251 Annex] Goints | BV 2gree: —

ampienttemperature 14D 14.59 €

Lap shear strength

. > 12, 14A, 14B, 12.5.10 . By agree-

at thaximum service 14C, 14D 14.59 Annex| 3 joints ment —

tenjperature =

Cathodic disbondment All except 15

test at ambient tem- and ZpO — Annex G 3 joints 3 joints —

perpture

Cathodic disbondment|All except 10, By acree-

at thaximum service| 114, 11B, 15 — Annex G 3 joints yas —
ment

tenjperature and 20

TSA porosity 20 — Metallggraphlc 3 joints 3 joints —

examination
Thickness 18 — ISO 2178 3 joints 3 joints Lach joint
Seadller penetration 20 — Metallqgraphlc 3 joints 3 joints —
examination

Ber]d test with 25 mm,

diameter mandrel and 20 — SSPC CS 23.00 3 joints 3joints |Orce per shift

3 mjm thick coupoin

Pee] strengthbetween

outer wraptape layers Bv agree-

at ambiént and maxi- 13A-a 18.5.8 Annex L 3 joints ymgnt —

mum(service temper-

atures

Peel strength of outer

wrap with respect to

plant coating (when| 4, 13.59 Annex H 3joints | DY asree- —

relevant) at ambient ment

a  Notrestricted to the specified subclause.

b Testing of the soluble saltlevel during production may be reduced or omitted, by agreement between applicator and end
user or purchaser, if a PPT has demonstrated that the application procedure ensures a salt level below these requirements.

¢ 1SO 4624 may be used.
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Table A.1 (continued)
Reference Method of Frequency
Property FJC types bel o . -
subclause testing PQT PPT Production
Adhesion of compound
tape to steel surface 13A,13B 13.59 Annex H or 3 joints 3joints |Once per shift
and plant coating at ’ = 13.59 ) J p
ambient temperature
Adhesion of compound
ta;zie tlo steel surface AnnexH or By agree.
and p ant oa.tmg at| 13A,13b 15.5.9 13.59 5 joints ment —
maximum s¢rvice tem- I
perature
Adhesion of fompound
tape to stepl surface
and plant ¢oating at
ambientandmaximum| 13A, 13B 13.5.12 Annex H or 3 joints By agree —
. 13.59 nient
service temperatures
after hot-waker immer-
sion test
Lap shear t¢st of com- Bv agree-
pound tape ptambient| 13A, 13B 13.5.11 Annex] 3 joints ymgnt —
temperatuie
Lap shear t¢st of com- Bv agree-
pound tap¢ at maxi-| 13A,13B 13.5.11 Annex] 3 joints ymgnt —
mum temp¢rature
Drip resistgnce ofthe| 11A, 11B, 11.5.1 K . By agree-
compound fape 13A,13B 13.5.14 Amn 3 joints ment
Glass transjition tem-
perature of fompound| 134, 13B 13.5.13 Annex P 3 joints — —
tape
Bursting strength 14C 14.5.11 Annex O 3 joints — —
a  Notrestfricted to the specified subclause,
b Testing pfthe soluble salt level duringproduction may be reduced or omitted, by agreement between applicator and|end
user or purchaser, if a PPT has demonstrated that the application procedure ensures a salt level below these requiremehts.
¢ ISO 4624 may be used.
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Annex B
(normative)

Inspection of thickness

General
=enera:

The

B.2

The
rea

B.3

At t
the

On
The

along the pipe length with two circumferential Lities, one on each side of the weld bead.

In 4
the

For
for
B.4

Thd
rec

ling accuracy, calibrated for the range of coating thickness being measured.

inspection consists of measuring the thickness of the F]C.

Equipment

equipment consists of a magnetic, electromagnetic or ultrasonic measuxihginstrument,

Procedure

same thickness and temperature range as the FJC and,:if hecessary, be adjusted.
bach FJC being inspected, a total of eight measuremernts shall be carried out on the body
measurements shall be taken at points distributed along four equally spaced longituy

ddition, four additional measurementS)shall be carried out on a circumferential lin
weld bead.

ralibration.

Results

minimum value;and maximum value where required, for the body and for the weld be
rded.

vith +10 %

he start of each shift, the instrument readings shall be cheeked using calibrated plates and shims of

pf the pipe.

dinal lines

e on top of

measuring a thickness of less tHan"1 mm, the surface profile of the joint shall be taken into account

ad shall be

©IS
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Annex C
(normative)

Holiday detection test

C.1 General

The test cpnsists of detecting any porosity of the FJC using a scanning electrode energized
high arc v¢ltage.

Defects shpll be detected by a spark occurring between the steel and the electrodé’at the def
accompanigd by a sound and/or light signal.

C.2 Equjipment

The equipinent consists of an adjustable, high-voltage holiday detector with 10 % reading accur
equipped With a sound and/or light signal. The detector uses DC and.inay produce either a continy
or pulsed poltage. The type of holiday detector, voltage settingscand operator competence shal
specified i the APS.

A scanning electrode is used, in the form of a metal brush,ceoiled spring with continuous spiral
conductive rubber conforming to the shape of the joints.

Conductors connect the joint to an earth electrode.

C.3 Procedure

The test shall be performed only on a coatirig that is free from surface moisture. Temperature ra
requirements can be specified by the ARS.

The instrument (holiday detector) ;and earth shall be connected to the coated pipe. The scan
electrode ghall be passed over the surface of the coating being inspected with a continuous, rel
movement[not exceeding 30Qdnjri/s.

Excessive yoltages, slow Survey speeds or multiple passes can damage the coating. The voltage sh
only be applied when théelectrode is moving.

The electrgde shalkhot be damaged and shall be in constant touch with the coating.

y a

ect,

acy,
ous
be

nge

ing
ive

uld

At the timg¢ of the test, the voltage shall be set at a value depending on the material and the nomjinal
thickness cwmﬂm&wmwmmﬁmﬁsmm—r

Atthe start of each shift, the instrument shall be verified by a certified voltmeter and adjusted if necess

C.4 Results

The report should state the test voltage and nominal coating thickness in mm.

The number of holidays shall be recorded. All holidays shall be marked.

ary.
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Annex D
(normative)

Impact test

D General
. =enera:

The test consists of verifying the strength of the FJC by the impact of a punch of defined‘shape falling
dirgctly onto the coating from a fixed height and at a fixed temperature. The test shall'be ¢arried out
on pipes or cut samples. This test shall not be carried out on pipes with a diameter ofless than 50 mm.

D.2 Equipment
The equipment consists of the following:
— | Drop weight testing machine, consisting of the following:

— straight guide made of steel, aluminium or plastic,figid and non-deformable, with an inside
diameter between 40 mm and 60 mm, length at least 1,30 m and incorporating a ssmooth and
even inside surface;

— supportand levelling device (for example, two-spirit levels for the horizontal plane aijd a plumb-
line for the vertical plane);

— graduated rod, to determine the drop-height to an accuracy of 5 mm;

— hard steel punch, with a hemispherical head, free from notches, porosity or other surface
irregularities and with a diameter of 25 mm (A small metal rod with a diameter of p mm shall
be fixed perpendicular to theflat face of the head and in its centre; this rod shall be 1¢ng enough
to hold the additional weights required for the tests. The punch shall be equipped with a system
for raising it to the required height; the mass of this assembly shall be 1 kg + 0,005 kg.);

— number of weights, formed of metal discs (preferably made of stainless steel) with{an outside
diameter of approximately 24 mm and incorporating a central hole of diameter 6,5 mm. The
mass of each-disc shall have an accuracy of 5 g.

— |Holiday detection equipment.

Othler guidesiwmay be used by agreement.

D.3 “Procedure

The test shall be carried out at a temperature of 23 °C + 3 °C. If the test is performed outside this
temperature range, the method described shall be adapted, by agreement.

The coated component shall be placed on a rigid, stable, horizontal support, and the component interior
shall be supported to reduce its elastic response.

Before carrying out an impact test, the holiday detection test shall be undertaken (see Annex C) to
identify defective points and to avoid impact testing at these locations. If the number of faults found is
too high, another coated test piece shall be taken.

For each point of impact, the drop weight testing machine shall be placed perpendicular to the coating
surface. The loaded punch shall fall freely without friction or resistance.
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The drop height is 1 m. Ten impacts shall be carried out with the required energy. The points of impact
shall be at least 50 mm to the side of the weld bead and/or the pipe end and there shall be at least
50 mm between the axes of the impacts.

The holiday detection test shall then be undertaken immediately after each impact (see Annex C).

The hard steel punch shall be checked every 30 impacts. If damaged, it shall be replaced.

D.4 Results

The impac

82
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Annex E
(normative)

Indentation test

General
=enera:

The
tem

E.2
Thd

test consists of measuring the indentation of a punch into the FJC under fixed ‘co
perature and load.
Equipment
equipment consists of the following:
chamber or bath, thermostatically controlled to +2 °C;

penetrometer, comprised of the following:

weight, shall produce a pressure in accordance with Table E.1;

— dial gauge or any other measurement system,@ccurate to +0,01 mm.

Table E.1 — Pressure, indenter diameter and mass of assembly

hditions of

— a cylindrical indenter on the top of which is mounted a weight; the assembly, indlenter plus

Pressure Indenter diameter Mass of the assemply
N/mm?2 mm kg
0,10 11,2 £ 0,05 1,0
1,00 5,65 0,05 2,5
10,0 1,80 + 0,05 2,5
E.3 Procedure
The test shall bé¢performed three times on one coating sample and shall be completed on the installed

Ccoa

Thd
cha

[ing systemyas applied on the steel plate or pipe sample. The dimensions of the sample shal

test Sample, held within the penetrometer assembly, shall be placed in the thermostatically
berand set to the test temperature (+2 °C). The test sample shall be kept in the chamber

be agreed.

controlled
for 1 h.

The

©IS

following readings shall be made.

to is the reading on the dial gauge placed on an uncovered part of the steel plate or pipe.

t1 is the reading on the dial gauge with the indenter without the mass positioned centrally over the

sample.

tz is the reading of the dial gauge after the mass has been applied, giving the total desired pressure

on the indenter for a minimum duration of 24 h.

02016 - All rights reserved
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E.4 Results

The quantities t3, the coating thickness; t4, the residual thickness of the coating; and t¢s5, the
indentation into the coating, can be calculated on the basis of the measurements described in E.3 using
Formulae (E.1) to (E.3), respectively:

t3=t1 - to (E.1)
ty=t2-to (E.2)
ts=t11ts E.3)

The arithnjetic mean of the three individual determinations of each of the thicknesses t3, tg.and ts shall
be calculated and recorded.

Dependinglon the type of F]C tested, either indentation depth or residual thicknessishall be used as|the
acceptable|value, as specified in Clauses 10 to 20.

The pressyre used for the test shall be reported.

84 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=282c5a9f768d9ba4a70ba3a9a3e84052

ISO 21809-3:2016(E)
Annex F
(normative)

Specific electrical insulation resistance

F.1—General

The test consists of measuring the specific electrical insulation resistance (electrical resistpnce of the
coafing in relation to the surface area of the coated pipe) by exposure to a sodium chloride sglution over
a pgriod of 100 days.

E2| Equipment
The equipment consists of the following:
— |supply, direct current (d.c.), with a voltage of 250 V;

— |voltmeter, with an accuracy of 0,1 V, and ammeter, with.dn accuracy of 5 %, or DC-ohmineter, with
equivalent accuracy;

— |counter electrode (copper), inert, with an area of atJeast 10 cm?2 and conducting leads for fonnecting
the pipe and electrode to the power supply.

F.3| Preparation of the test samples

Three 0,5 m lengths of pipe of at leastt.50 mm diameter prepared in accordance with SO 8501-1,
grafle Sa 21/2, shall be coated in_accordance with the manufacturer’s instructions. Testing shall
conymence after a period defined by~the manufacturer. The coated area shall be at least 0,03[m?2.

Prepare a 0,1 mol/l sodium chigoride (NaCl) solution.
Theg immersion of the pipe shall be carried out in one of the two following ways.

— |The coated sample-shall be placed horizontally in a plastic container through appro‘]jlriate holes
in the opposite\faces of the side walls. The entry of the pipe shall be sealed with a sulfitable non-
conductive séalant.

— | The coated sample shall be sealed at one end with a suitable non-conductive sealant, enpuring that
the metal pipe is prevented from contacting the sodium chloride (NaCl) solution. The sgmple shall
be’supported vertically in the plastic container.

Fill the container with the sodium chloride (NaCl) solution.

F.4 Procedure
Immerse at least 10 cmZ of the counter electrode into the solution.
The test shall be carried out at 23 °C + 2 °C.

For each measurement, connect the positive pole of the d.c. supply to the end of the pipe that is not
immersed and the negative pole to the counter electrode.
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Apply the voltage during measurements only. Measure the resistance using an ohmmeter or record
voltage (U) and current (I) after 1 min. The first measurement shall be taken after three days. Then,
continue to monitor the measurement at weekly intervals for a total of 100 days.

If the resistance of any one sample falls below the specified value, the test shall be repeated with
three new samples.

The measured value of the resistance or current is that due only to the current passing through the
submersed coating. If this requirement is not met, it is advised to check for possible current leakage.

E5 Results
Calculate the specific electrical resistance, Rs, expressed in ohm square metres, using Formula (F.1):

Rs=U¥xA/I=R1 xA F.1)

where
Ry is the measured electrical resistance of the submerged sample, expressed in ohms;
U isthe voltage between counter electrode and pipe, expressed in volts;
A isthe submerged surface area of coating, expressed in squate metres;
I isthe measured current, expressed in amperes.

Plot a graph of specific electrical resistance against time. Between the 70th day (Rs7¢) and the 100th|day
(Rs100), a |inear, straight regression line shall be calculated from the measured values. Using|the
regression(line, calculate the ratio of the specific electnical resistance, Rs100/Rs70-
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Annex G
(normative)

Cathodic disbondment test

G.1 General
. =enera:

Th%ltest consists of assessing the resistance to disbondment of damage to the FJC when pxposed to
cathodic polarization.

The test shall be performed on a test sample previously subjected to holiday détection (se¢ Annex C),
and|in which an artificial defect of a defined size has been created.

G.Z Equipment

G.2{1 Electrical source, consisting of a controlled voltage d.c, power unit (potentiostat)|capable of
supplying 20 mA to each test area simultaneously

Except when otherwise specified, a cathodic polarization:potential (E) equivalent to -1 260 mV vs.
stamdard hydrogen electrode shall be maintained. E eqirals to -1 500 mV when a saturated calomel
refdrence electrode is used. The potentials are defined‘s follows:

— |“E” is the potential of the “working electrode®with regard to the “reference electrode”.

— |“V” is the difference of potential between the “working electrode” and the “auxiliary ele¢trode”.

G.2{2 Electrolytic cell, having a typicaltest-cell configuration as shown in Figure G.1 for large-diameter
conjponents and as in Figures G.2 and/G.3 for small-diameter components

The electrolytic cell shall comprise of the following:

— |arigid plastic pipe with-an internal diameter of minimum 50 mm. The height shall be sych that the
total volume of the electrolyte is equal to or greater than 150 cm3 with a minimum hgight of the
electrolyte of 70-mm;

— |a rigid plastie-cover in which holes shall be drilled to allow the passage of the electrodes and any
other measuring instruments deemed necessary, and to allow the escape of hydrogen.

G.2{3 (Electrodes.

G.2.3.1 Reference electrode, capable of giving a suitable potential (see G.2.1) and suitable for the test
temperature required, placed in an electrode holder situated in a glass pipe with a porous end diaphragm

The end of this assembly shall be placed approximately 10 mm from the surface of the coating and
approximately 20 mm from the coating defect.

G.2.3.2 Auxiliary electrode (anode), consisting of an inert material, e.g. platinum wire, 0,8 mm to
1,0 mm in diameter

It shall be immersed in the electrolyte to within approximately 10 mm over the coating defect.

The ratio of the surface area of the auxiliary electrode (anode) to that of the working electrode (cathode)
shall be greater than 1.
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G.2.3.3 Working electrode (cathode), represented by the artificial defect, 6 mm in diameter, with a
maximum depth of 0,5 mm in the steel substrate (see Figure G.4)

G.2.4 Electrolyte, consisting of a 3 % solution of NaCl in distilled or deionized water

The solution shall be made from technical grade sodium chloride. The pH at 23 °C + 2 °C during the test
shall be in the range of 6 to 9.

The height

of the electrolyte in the cell shall be at least 70 mm.

G.2.5 He

If not heat
means, e.g

G.3 San

The test sH

to Figure
Figures G.J

The test c§
minimum 9

Unless oth
weld area.

For each sa
The integr

A 6 mm did
other meth
in the steel
to the test

The test a
subsequen

G.4 Pro

The plastic
inert adheg

=2 L ' dealal 4= ralalial e - aadect 41 4= dede 4= £ 4l 1
ALLILS CTHYUIPIIITILE, SUItdUIT LU TSLAdUILISIT AU TU TTHAHTILA T LITT TES U LTCIIPTT dlUul © UL UIT SAalllpPl

bd in an oven, the temperature shall be checked on the artificial defect by an appropn
a temperature sensor.

pling

all be performed on a large-diameter coated component (field jointcodted pipe) accor
[G.1 or on a small-diameter coated component (field joint ceated pipe) according
 or G.3.

in be performed on a cold cut sample from a coated component (pipe) which shall ha
ize of 80 mm x 80 mm and upon agreement by end user andy/or purchaser and manufacty

erwise specified by end user and/or purchaser, tests)samples shall not be taken from

mple, the thickness of the area of the coating subject to the test shall be measured and recor
ty of the coating on all test samples shall be checked by holiday detection (see Annex C).

meter hole through the coating shalllbe obtained by drilling, a hammer hole puncher, or
od, in the centre of the test sample.In case of drilling (see Figure G.4), the depth of the |
substrate shall not exceed 0,5 mum. At the initiation of the test, the total surface area sub
Ghall be free from residual coating and swarf or grinding of drilling.

Fea shall be degreased/using a suitable solvent and then rinsed with potable water
Lly dried.
cedure

pipe forming the electrolytic cell shall be sealed using a suitable sealant, e.g. a chemig
ive. Thenartificial defect shall be in the centre of the cell.

The cell s

within 2 1C

jate

ling
to

ye a
rer.

the

Hed.

any
nole
ject

and

ally

all be filled with the NaCl electrolyte (G.2.4). The test temperature shall be contr

ollled

A negative cathodic potential shall be applied between the reference and working electrodes (see
Figures G.1, G.2 and G.3), with an accuracy of +10 mV. If a saturated calomel electrode is used, the
potential shall be -1 500 mV.

The test shall be performed for the test period required. The level of the electrolyte shall be readjusted
with distilled or deionized water, if necessary.
G.5 Investigation procedure

After the test, the cell with the electrolyte shall be removed. The test sample shall be rinsed with
water and dried.
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After drying, the area of the coating subjected to the test shall be examined in accordance with the
following method.

Inspect and assess each coating immediately after the test period.

Make about 12 radial incisions, using a sharp knife, through the coating to the substrate, extending
outwards from the holiday for a distance of at least 40 mm. Make these incisions at an angle of

approximately 30° from each other.

Insert the knife point into the centre portion of the holiday down to the metal substrate. Using a
gentle levering action, peel away slowly a radial section of coating continuing until firm adhesion is

For
ren

encountered. For FJC Types 10, 11, 13, 144, 14B, 14T, 14D and 15, 1055 of adhesion being
obvious, careful examination of the substrate for signs of continuous residual coatings-¢
that disbondment has not occurred at these locations. In this case, the relevant disbond
area where the coating system is not adhering to the steel anymore.

Repeat with each radial segment.

oved completely by using a chisel and hammer or stripping of thé coating, after the ¢

not always
hn indicate
ment is the

FJC Type 14B, 14C, 14D, 18B and 18E with a thickness higher than1,2" mm, the coating can be

oating has

been heated above the softening point. In this case, the area where the metal is dark is cosidered as

thelarea of disbondment.

G.6

Thd
12 4

Thd

Results

result of the cathodic disbondment test shall be*defined as the arithmetic mean v
ingle values.

mean value shall be recorded.

hlue of the
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Figure G.1 — Electrolytic cell for large-diameter pipe

Steel test piece
sealing material

artificial defect, ® 3 mm to 6 mm if coating thickhess
isless than 1 mm; ® 6 mm in other cases

sealing material

working electrode (cathode)
platinum electrode, @ 0,8 mm to 1,0 mm (anode)
potentiostat

220 V power supply
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Key]
1 Jauxilliary electrode, e.g. platinum wire 6 electrolyte
? 0,8 mm to 1,0 mm (anode)
reference electrode 7  coated pipe
plastic cover 8  working electrode (cathode)
electrolyte level 9 artificial defect, ® 3 mm to 6 mm if coatihg thickness
isless than 1 mm; @ 6 mm in other cases
5 [sealing material 10 plastic pipe, minimum internal @ 50 mm

Figure G.2 — Electrolytic cell for small-diameter pipe — Example 1
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Key
1  tonegafive lead (-)
2 holidayj
3  electrolyte
4  end cap
5 to positive lead (+)
6  beaker

Figure G.3 — Electrolytic cell for small-diameter pipe — Example 2
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Key

1  fluted and.mill face mill 3 mm to 6 mm if coating thickness is less than 1 mm; @ 6 mm in other cases
2 conicepd

3 coating

4 steel

Figure G.4 — Drilling of artificial defect
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Annex H
(normative)

Peel strength test

H. . . . .
H.jl.l General

The test consists of measuring the force required for peeling the F]JC from the metal subst
joint at a constant rate of pull. When specified in Clauses 10 to 20, the same method shall
megsure the force required for peeling the FJC from the plant coating at overlap.

H.1.2 Equipment
The equipment consists of the following:

— |a tensile testing machine, capable of recording the peeldorce with + 5 % reading acc
operates at a rate of pull of 10 mm/min + 1 mm/min, as‘shown in Figure H.1 for small di
as in Figure H.2 for large diameters;

— |a cutting tool, e.g. knife;

— |an equipment, as suggested in Figures H.1 or-H.2.

rate of the
be used to

uracy, that
ameters or
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1
2
3
F

- W N R

94

pipe ring
coating|strip
registrdtion unit
peel foijce

Figure H.1 — Peel-strength test equipment for a small-diameter joint

[

coated pipe surface
coating strip
registration unit
peel force

Figure H.2 — Peel-strength test equipment for a large-diameter joint
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H.1.3 Procedure

H.1.3.1 General

The peeling test for ambient temperature shall be performed at the temperature specified in the tables
in Clauses 10 to 20.

The peeling test for maximum service temperature shall be carried out if the maximum service
temperature is greater than 30 °C.

A peeling test for other temperatures may be performed if agreed between the applicator and the end
usey.

All test temperatures shall be controlled within +3 °C.

The temperature shall be measured by means of an adapted probe on the externalsurface of|the joint at
thejroot of the peeled strip.

The coating shall be peeled off with a peeling rate of 10 mm/min perpendicular to the surfacefof the pipe.

H.1}3.2 Small-diameter pipes

A pjpe ring 200 mm in length shall be cut from the pipe. A sample coating strip shall bg cut in the
cirjumferential direction of the pipe ring measuring a minimum of 160 mm long and 20 mnp to 50 mm
wide.

The pipe ring shall be free to rotate about its axis, as-shown in Figure H.1. The cut end of the coating
strip shall be secured to one of the gripping jaws ef.the testing machine and peeled perpehdicular to
the[pipe axis.

H.1}3.3 Large-diameter pipes
The pipe shall be supported during theest to prevent movement.

A sgmple coating strip shall be cutiinthe circumferential direction of the pipe, measuring a minimum of
160 mm long and 20 mm to 50<mm wide. The cut end of the coating strip shall be secured tg one of the
gripping jaws of the testing machine and peeled perpendicular to the pipe axis.

H.1.4 Results

The peel-force datafer 140 mm of peeling shall be divided into seven intervals of 20 mm ahd the first
and)last intervalsidiscarded. The peel strength shall be calculated from the remaining data.

The averagé\peel strength shall be the arithmetic mean over the 100 mm length. If this alue is not
autpmatieally determined, the arithmetic mean may be estimated from the 20 mm bands|across the
100l mm.Jength.

The average peel strength shall meet the requirements as specified in the tables in Clauses 10 to 20 and
no single recorded peeling value shall be more than 30 % below the specified value.

The test should be regarded as passed even if the forces measured are below the peel strength
requirement when the test stripe is elongated provided that there is no delamination between FJC and
steel nor delamination between layers of the F]C.
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H.2 Measurement of the peel strength with a spring balance or a digital load cell

H.2.1 General

The method consists of using a spring balance or digital load cell to determine whether the force
required for peeling the field joint coating from the metal substrate is greater than the minimum
specified value. When specified in Clauses 10 to 20, the same method shall be used to measure the force
required for peeling the FJC from the plant coating at overlap. The test may be carried out axially or
circumferentially as agreed between all parties.

H.2.2 Eqmipnrent

The equiprpent shall consist of the following:

— aspring balance or digital load cell, with a clamp, accurate to #10 %, as shown in Figure H.3;
— acuttipg tool, e.g. knife;

— ameaguring tape.
H.2.3 Propcedure

The test shall be performed at a temperature of 23 °C £ 5 °C. If provisjenhas been made to perform fhis
test outsidp this temperature range, the method described shall be’adapted, after agreement between
the applicator and purchaser, if necessary.

The tempefature shall be measured by means of an adapted probe, on the external surface of the sfteel
at the rootfof the peeled strip (evaluation on 100 mm).

The directlon of peeling, either circumferential or axidlyshall be by agreement between the applicqtor,
contractor|and purchaser.

According fo the agreed direction of peel, the tést specimen shall be prepared by making two parallel
cuts measyring a minimum of 160 mm long-and 20 mm to 50 mm apart through the coating to the sfteel
substrate. |At one end of the cuts, the coating strip shall be carefully released from the pipe surface
without cajusing damage to the material or the cut edges. Sufficient warming to allow the coating to
become plipble may be necessary to felease and bend the coating back through 90 degrees. The reledsed
end of the ¢oating shall be secured.ini the clamp of the spring balance or digital load cell.

Marking in visible contrasting)colour should be made on to the coating along the specimen, eyery
10 mm, in prder to help in-évaluating the pulling speed.

The test sHall be carried out using either of the following methods. The method to be adopted shalll be
agreed between all{parties as being appropriate for the type of coating under test.

H.2.3.1 Controlled rate of peel — Force to be recorded

It shall first be established whether peeling will occur at the required minimum force or at the force
reasonably expected for the material. If peeling does occur, the force needed to initiate peeling and the
first 20 mm of peeling shall be disregarded.

The coating shall be peeled off with a peeling rate of 10 mm/min perpendicular to the surface of the
pipe. The peel force shall be recorded at least every 6 seconds over a distance of 100 mm. During the
peeling, care shall be taken to adjust the applied force so as to maintain the rate of peel to as close as
reasonably practicable to 10 mm/min by use of a stopwatch and the markings made on the pipe surface.
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H.2.3.2 Controlled application of force — Rate of peel to be recorded

It shall first be established whether peeling will occur at the required minimum force or at a force
reasonably expected for the material, once the initial peak value has been overcome. If peeling does
occur, the first 20 mm of peeling shall be disregarded.

Throughout the test, care shall be taken to maintain the force at approximately 0 % to 10 % greater
than the minimum specified value. The rate of peeling shall be recorded by timing the progress of
peeling over 10 sequential 10 mm distances by means of a stopwatch and measuring tape.

H.2

.4 Results

H.2

The
rec

No
min
H.2

The
ratd

Ard

4.1 Controlled rate of peel

peel strength, expressed in Newtons per millimetre, shall be the arithmetic, mean of
rded over the 100 mm length.

peeling at the required minimum force, or a peel strength that equalstor exceeds th
imum force shall be deemed as acceptable.

4.2 Controlled application of force

rate of peel, expressed in mm/min, shall be calculated as the'arithmetic mean over the 1
of peel values. If no peeling occurs, the rate of peel shallberecorded as 0 mm/min.

te of peel that is equal to or less than 10 mm/min shall be deemed as acceptable.

the values

e required

0 recorded
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